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Special Focus on Sex Differences in CVD

Postural orthostatic tachycardia syndrome (POTS) is a disorder that can 
present with various non-specific symptoms, although it is primarily 
characterized by symptoms of orthostatic intolerance lasting at least 3–6 
months. Clinically, this condition is defined as:

• orthostatic intolerance associated with an increase in heart rate of 
30 BPM (>40 BPM for adolescents) or a rate that exceeds 120 BPM 
within the first 10 minutes of standing;

• symptoms that occur with standing, including lightheadedness, 
palpitations, tremor, generalized weakness, and exercise intolerance; 
and

• the absence of orthostatic hypotension, defined as a fall of 
20/10 mmHg in blood pressure with standing.1–3

It is estimated that between 500,000 and 3 million Americans have POTS, 
which mainly affects women of childbearing age, with a 5:1 women to 
men predominance.2,4 Patients will commonly present with complaints of 
palpitations, fatigue, nausea, ‘brain fog’, lightheadedness, exercise 
intolerance, tremulousness, syncope, or near syncope, among other 
symptoms (Table 1).5

Diagnosis of POTS is often delayed due to a clinical presentation that 
includes a constellation of non-specific symptoms. These symptoms 
overlap with various other conditions, including anxiety and depression. A 
complete history and physical examination are critical components of 
diagnosing POTS, and should focus on the chronicity of symptoms, 
potential triggers, family history, patient diet and exercise history, and 

modifying factors.1 Because of the somewhat vague nature and broad 
range of these symptoms, patients often require many physician visits, 
possibly including multiple subspecialty referrals, before a diagnosis of 
POTS is confirmed.4 Unfortunately, many patients are dismissed by 
providers as having a psychosomatic origin to their symptoms, which 
leads to frustration with the medical system and doubt towards the care 
they receive.

Diagnosis of POTS requires ruling out of other conditions with similar 
presentations, including thyroid disorders, adrenal gland disorders, 
anemia, iron deficiency, and electrolyte abnormalities, among many 
others.6 Initial workup should include orthostatic blood pressure and 
heart rate measurements at 2-, 5-, and 10-minute intervals and a 
comprehensive physical examination including evaluation for lower 
extremity venous pooling and joint hypermobility.3 Adjunct testing includes 
tilt table testing, 24-hour ECG and ambulatory blood pressure and heart 
rate monitoring, implantable loop recorders, echocardiography, and 
exercise ECG.7 Treatment regimens are extremely patient specific and 
primarily focus on symptom improvement and gradual exercise tolerance.

Primary Postural Orthostatic Tachycardia 
Syndrome and Pathophysiologic Mechanisms
Although categorization of primary and secondary POTS is sometimes 
variable, we have identified three main mechanisms of primary POTS 
(Table 2). Although multifactorial in origin, one leading hypothesis of 
primary POTS pathophysiology is a dysregulated return of venous blood 
and subsequent unloading of baroreceptor signaling to increase 
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sympathetic activation.8 Cardiovascular deconditioning may be implicated 
in POTS via cardiac atrophy and hypovolemia causing reactive 
tachycardia.9

Around 30–60% of POTS patients have symptoms consistent with the 
‘hyperadrenergic POTS’ subtype, characterized by palpitations, 
tremulousness, and gastrointestinal (GI) symptoms.9 Patients with this 
subtype have elevated standing plasma norepinephrine concentrations 
causing increased sympathetic activation.3 This is thought to be due to a 
loss of function of the norepinephrine transporter, leading to impaired 
norepinephrine clearance from neuron synapses.

Autoimmune-related POTS may be related to the occurrence of POTS 
symptoms after certain insults or triggers, such as viral infection or stress.9 
Patients with autoimmune-related POTS may also present with 
autoimmune disorders as comorbidities. The onset of POTS in these 
patients may be related to autoantibodies against ganglionic acetylcholine 
receptors and α1-adrenergic receptors, although no definitive pathways 
have been identified.10

Older classification systems use peripheral vascular properties to 
categorize patient presentations, termed low-flow, high-flow, and normal-
flow POTS.9,11 Low-flow POTS is characterized by pallor of the extremities 
and decreased blood flow in gravity-dependent parts of the body. Normal-
flow POTS may involve normal peripheral blood flow but splanchnic 
vasodilation when supine, redistributing blood flow by venous pooling. 
High-flow POTS describes increased cardiac output but inadequate 
peripheral vasoconstriction.

Importantly, there may be significant overlap between existing medical 
conditions and POTS.5,9,11,12 Discussion of various POTS associations and 
subtypes, along with current therapies and treatments, is the subject of 
this review.

Secondary Postural Orthostatic Tachycardia 
Syndrome and Associated Disorders
Various conditions have been associated with POTS. The associations 
vary but include concomitant conditions, similar proposed 
pathophysiologic mechanisms, common treatment modalities, and 
anecdotal experiences. Understanding these associated conditions can 

help improve care for patients with POTS and possibly shed light on 
underlying mechanisms to progress future endeavors in managing this 
complicated syndrome.

Mast Cell Activation Syndrome
Mast cell activation syndrome (MCAS), a subset of mast cell activation 
disorder (MCAD), is one of the conditions that can be associated with 
POTS and is characterized by either early or excessive mast cell activation 
and histamine release.13,14 Mast cells have a wide range of functions 
throughout the body, including inflammatory homeostasis, tissue repair, 
angiogenesis, nervous system function, and immune response.15 
Biochemical inflammatory markers released by mast cells include 
histamine, prostaglandins, and tryptase.14 Atypical mast cell activity can 
lead to various symptoms, including, but not limited to, flushing, pruritus, 
urticaria, headache, nasal congestion, nasal pruritus, wheezing, diarrhea, 
constipation, throat swelling, angioedema, and hypotension.14

Although an exact pathophysiologic mechanism has not been identified, 
activated mast cells may produce circulating vasodilators such as 
histamine, leading to flushing and orthostatic intolerance as part of a 
hyperadrenergic POTS presentation.16 Vasodilation results in a 
compensatory sympathetic response with increased vascular resistance 
and tachycardia, ultimately leading to the release of norepinephrine and 
neuropeptide Y, which are thought to further activate mast cell 
degranulation and create a positive feedback loop. This hypothesis does 
not fit perfectly with the positional changes seen in autonomic dysfunction 
in POTS and MCAS but provides some speculation as to the possible 
relationship.16

Kohno et al. examined 69 patients referred to their medical center for POTS 
and assessed laboratory and clinical findings that may be associated with 
comorbid MCAS.14 They found that there was a relatively high number of 
MCAS symptoms and laboratory findings among POTS patients. Patients 
with laboratory values consistent with MCAS (particularly elevated 
prostaglandins and histamine markers) had a diverse set of symptoms 
compared with ‘typical’ POTS presentations, including allergy and GI issues, 
which further underscores the overlapping symptoms in these two patient 
populations.14 Very few studies have explored the resolution of POTS 
symptoms when treating MCAS. Weinstock et al. reported a single case 
report in a patient with MCAS, POTS, and small intestinal bacterial 
overgrowth who demonstrated marked improvement in POTS symptoms 
after treatment with low-dose naltrexone and intravenous immunoglobulin.17 
Notably, this patient did not experience relief of POTS symptoms on the 
typical antihistamine regimen to manage MCAS, although anecdotally we 
have noticed clinical improvement in POTS patients with MCAS when using 
antihistamines or other MCAS-targeted therapies.

Hypermobile Ehlers–Danlos Syndrome 
and Hypermobility Spectrum Disorder
Ehlers–Danlos syndrome (EDS) is a group of inherited disorders that share 
common features, including hyperextensible skin, hypermobile joints, and 
fragile tissues. Among several subcategories of EDS, hypermobile EDS 
(hEDS), or Type 3 Ehlers–Danlos (EDS3), is most associated with POTS and 
is considered a less severe phenotype than classic EDS.9,18 Diagnostic 
criteria for hEDS (Table 3) are divided into three general criteria:

• generalized joint mobility;
• evidence of syndromic features, musculoskeletal complications, or 

family history; and
• exclusion of alternative diagnoses.19 

Table 1: Commonly Reported Symptoms of 
Postural Orthostatic Tachycardia Syndrome

System Complaint
Cardiovascular Palpitations, syncope, pre-syncope, tremor, diaphoresis, chest 

pain, limb edema, venous pooling, Raynaud’s phenomenon

Respiratory Shortness of breath

Gastrointestinal Nausea, vomiting, diarrhea, bloating, abdominal pain, 
constipation, gastroparesis

Genitourinary Increased urinary frequency, nocturia, bladder dysfunction

Musculoskeletal Muscle weakness, muscle pain, joint pain, joint dislocation/
hypermobility

Neurological Lightheadedness, dizziness, vertigo, headache, weakness, 
visual blurring, brain fog/cognitive disturbance, fatigue, sleep 
disturbance

Endocrine Heat intolerance, menorrhagia, PCOS

Psychiatric Anxiety, ADHD

ADHD = attention deficit/hyperactivity disorder; PCOS = polycystic ovary syndrome.
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Hypermobility spectrum disorder (HSD) is a similar diagnosis to EDS that 
fails to meet the same diagnostic criteria but is still subject to hypermobile 
joints and abnormal autonomic regulation.20

Pain and fatigue are common symptoms of hEDS and HSD, despite poorly 
understood mechanisms. These symptoms often overlap with those of 
chronic fatigue syndrome (CFS), fibromyalgia, and other pain disorders. 
Autonomic dysfunction/POTS is also often a component of hEDS and HSD, 
with symptoms, such as hypotension, orthostasis, dizziness, palpitations, 
exercise intolerance, and memory/concentration problems.18 

Celletti et al. found that the frequency of POTS in 99 patients diagnosed 
with hEDS or HSD reached up to 50%.21 Peebles et al. evaluated a smaller 
cohort of 30 hEDS and HSD patients and found that HSD patients had a 
higher prevalence of POTS than hEDS patients (43% versus 7%, 
respectively) on tilt table testing, but not on active standing.20 It is thought 
that hypermobility disorders may lead to atypical connective tissue that 
composes the vasculature, leading to abnormal circulation with resultant 
sympathetic activation and orthostatic symptoms, although other studies 
have not demonstrated this association.22,23 α- and β-adrenergic hyper-
responsiveness has also been implicated in hEDS cardiovascular 
autonomic dysfunction.23

Prior studies have suggested a connection between hEDS, POTS, and 
MCAS. Several small studies have associated elevated baseline tryptase 
levels with an autosomal dominant inheritance pattern.24 Lyons et al. 
identified germline duplications and triplications of the tryptase alpha/
beta 1 (TPSAB1) gene, which encodes α-tryptase, in 96 patients in 35 
families with elevated baseline tryptase levels and multisystem 
symptoms.24 Symptoms in these patients included flushing/pruritus (51%), 

autonomic dysfunction (46%), and congenital skeletal abnormalities 
(26%).24 Although none of these patients met the diagnostic criteria for 
POTS, MCAS, or hEDS, their symptoms fall into categories that can be 
attributable to each of these disorders. In addition, triplications in TPSAB1 
were noted to be associated with higher baseline tryptase levels and 
more significant symptoms, relative to duplications.24 Although that was a 
smaller study with data comprising weak associations, it does serve as 
evidence for a possible underlying mechanism that may be further 
explored through continued research into these conditions.18,25 There are 
no targeted therapies for POTS patients with comorbid hEDS or HSD, and 
symptomatic treatment with multiple modalities is recommended to 
alleviate symptoms.23

Small Fiber Neuropathy and Complex 
Regional Pain Syndrome
Small fiber neuropathy (SFN) is the term given to conditions characterized 
by abnormal function of unmyelinated or thinly myelinated sensory 
fibers.26,27 These nerves are involved in various neurologic pathways and 
play a significant role in the autonomic nervous system.28 Symptoms 
resulting from SFN manifest as either sensory disturbances, autonomic 
dysfunction, or a combination of the two.27

SFN is felt to be caused by either excess firing or axonal degeneration of 
these small nerve fibers due to some underlying pathology, including 
immune-mediated, metabolic, toxic, and genetic conditions, although 
SFN in children and young adults is often thought to be inflammatory in 
etiology.28 One of the more common hypotheses for the underlying 
pathophysiology involves autoimmunity against various G-protein-
coupled receptors (GPCR).29 GPCR autoantibodies have been shown to 
induce a POTS-like phenomenon in animal models, which resolved after 

Table 2: Postural Orthostatic Tachycardia Syndrome Subtypes and Associated Disorders

Primary POTS

Hyperadrenergic
• NET deficiency

Characterized by elevated standing plasma NE concentrations (>600 pg/ml)
Loss of function of NET (via mutation in SLC6A2) may lead to impairment of synaptic NE clearance, thus increasing sympathetic activation

Volume dysregulation/hypovolemic Characterized by persistently low plasma volumes, possibly related to RAAS dysregulation; blood pooling associated with upright posture

Autoimmune May be due to autoantibodies against ganglionic acetylcholine receptors and α1-adrenergic receptors

Secondary POTS

Neuropathic/partial dysautonomic
• Small fiber neuropathy

Characterized by loss of sweat function in lower extremities, thought to be related to peripheral sympathetic denervation leading to 
impaired vasoconstriction
Small fiber neuropathy may be implicated in altered sympathetic cardiac innervation

MCAS/histamine related Characterized by inappropriate release of histamine and other mast cell mediators in response to exercise or orthostatic stress; patients 
tend to co-present with allergic symptoms and gastrointestinal problems

Diabetes, alcoholism, paraneoplastic syndrome, heavy metal poisoning, chemotherapy, viral illness

Associated Disorders*

Ehlers–Danlos Disorders involving joint hypermobility, skin hyperextensibility, tissue fragility; POTS most associated with joint hypermobility subtype

Chronic fatigue syndrome Persistent fatigue that does not resolve with rest and is not always associated with orthostatic changes

Inappropriate sinus tachycardia Persistently increased heart rate and pre-syncope symptoms without postural changes

Traumatic brain injury/migraine May be due to cerebral hypoperfusion and/or sympathetic overactivity related to positional changes

POTS Classification by Vascular Properties

Low flow Pallor hypovolemia, decreased blood flow in dependent parts of body, and reduced stroke volume

Normal flow Splanchnic vasodilation with supination, increased cutaneous endothelial and neuronal nitric oxide production

High flow Euvolemia, peripheral vasodilation, increased cardiac output

*Associated disorders may co-present with POTS but have no defined mechanism of heart rate dysregulation. MCAS = mast cell activation syndrome; NE = norepinephrine; NET = norepinephrine 
transporter; POTS = postural orthostatic tachycardia syndrome; RAAS = renin–angiotensin–aldosterone system; SLC6A2 = solute carrier family 6 member 2.



POTS-associated Conditions and Management Strategies

US CARDIOLOGY REVIEW
www.USCjournal.com

clearance of the autoantibodies.27 In addition, some smaller studies 
reported finding GPCR autoantibodies in POTS patients.27

SFN is suspected to contribute to the underlying pathologies of many 
different conditions, including POTS, CFS, complex regional pain 
syndrome (CRPS), and fibromyalgia, among others, and overlaps 
considerably with CPRS.30 CRPS is a condition that typically develops after 
surgery or injury to a limb and is characterized by nerve dysfunction with 
sensory, motor, and autonomic neurologic abnormalities. CRPS was 
previously felt to be a localized disorder with regional symptoms, but 
more recent evidence has led to the belief that it is a systemic disorder 
with suggestions of generalized autonomic dysfunction.31 Although 
treatment of SFN is limited, studies have shown improved POTS symptoms 
in patients with SFN after treatment with intravenous immune globulin 
(IVIG) or subcutaneous immune globulin.32

Chronic Fatigue Syndrome
CFS, also known as myalgic encephalomyelitis (ME)/CFS, is a condition 
with significant overlap with POTS. However, neither the underlying 
etiology nor the pathophysiology of this condition are well understood. 
Autoimmune dysfunction, infection, and endocrine disorders have been 
suggested as being implicated in the primary underlying pathophysiology.27 
CFS is characterized by symptoms of disabling fatigue, mental and 
physical postexertional malaise, pain, sleep disturbance, and cognitive 
impairment. The estimated prevalence of POTS in CFS is variable based 
on differences in orthostatic testing methods, but may reach rates as high 
as 50%.33

SFN has been proposed as an underlying mechanism of CFS, which may 
serve as a connection to neuropathic POTS and other similar disorders. 
Studies have reported on the prevalence of SFN in CFS based on skin 
biopsies and biomarkers, with SFN being detected in up to one-third of 
patients.27 This is felt to possibly contribute to dysregulation of 
microvascular tone by autonomic nerve fibers, impairing vasoconstriction 
and leading to venous pooling and reduced cardiac blood return.34 Higher 
laboratory markers of sympathetic activation have been noted in POTS 
patients with chronic fatigue as a complaint compared with POTS patients 
without fatigue.22 Although treatments specifically targeted for CFS 
patients with POTS are not clearly defined, the general recommendation 
for treating chronic fatigue in POTS patients includes many of the 
techniques described in Table 4, including, but not limited to, increased 
exercise, fluid intake, avoidance of aggravating factors, and electrolyte 
supplementation.33

COVID-19 Infection and Post-viral Postural 
Orthostatic Tachycardia Syndrome
COVID-19 infection has been associated with neurologic manifestations, 
including autonomic dysfunction similar to that seen in POTS patients, 
with postural tachycardia, orthostasis, and exercise intolerance.35,36 These 
symptoms have been noted to persist even beyond the period of acute 
infection, a condition known as long COVID.36 Although some patients 
recover fully from the initial infection, a significant proportion will have 
continued symptoms requiring prolonged therapy. These symptoms have 
been shown to persist 6–8 months beyond the period of acute infection, 
but may be present for even longer.37

Patients with long COVID may have some level of predisposing autonomic 
dysfunction prior to COVID-19 infection.37,38 Up to one-third of patients 
with COVID-19 dysautonomia have some type of cardiopulmonary 
abnormality prior to infection, which could serve to lower the threshold 

Table 3: Hypermobility Ehlers–Danlos 
Syndrome Criteria

Criteria Description
Criterion 1: 
Generalized joint 
hypermobility

One of the following is selected:
• Beighton score† ≥6 prepubertal children and adolescents
• Beighton score ≥5 pubertal men and woman up to the age of 

50 years
• Beighton score ≥4 men and women over the age of 50 years

If the Beighton score is 1 point below the age- and sex-specific 
cut-off, two or more of the following must also be positive to meet 
the criterion:

• Can you now (or ever) place your hands flat on the floor 
without bending your knees?

• Can you now (or ever) bend your thumb to touch your 
forearm?

• As a child, could you contort your body into strange shapes 
or splits?

• As a child or teenager, did your shoulder or kneecap 
dislocate on more than one occasion?

• Do you consider yourself ‘double jointed’?

Criterion 2: Two 
or more of the 
features (A, B, or 
C) must be 
present

Feature A
• Unusually soft or velvety skin
• Mild skin hyperextensibility
• Unexplained striae distensae or rubae at the back, groins, 

thighs, breasts and/or abdomen in adolescents, men or 
prepubertal women without a history of significant gain or 
loss of body fat or weight

• Bilateral piezogenic heel papules
• Recurrent or multiple abdominal hernia(s)
• Atrophic scarring involving two or more sites and without 

the formation of papyraceous and/or hemosideric scars as 
seen in classical EDS

• Pelvic floor, rectal, and/or uterine prolapse in children, men 
or nulliparous women without morbid obesity or other 
predisposing medical condition

• Dental crowding and a high or narrow palate
• Arachnodactyly, defined as one or both of the following: 

positive wrist sign (Walker sign) bilaterally; positive thumb 
sign (Steinberg sign) bilaterally

• Arm span-to-height ratio ≥1.05
• Mitral valve prolapse mild or greater based on strict 

echocardiographic criteria
• Aortic root dilatation with Z-score >+2

Feature B
• Positive family history; one or more first-degree relative 

meeting hEDS criteria
Feature C

• Musculoskeletal pain in two or more limbs, daily for at least 
3 months

• Chronic, widespread pain for ≥3 months
• Recurrent joint dislocations or joint instability without trauma

Criterion 3: All 
the following 
prerequisites 
MUST be met

Absence of skin fragility
Exclusion of other connective tissue disorders, including 
autoimmune rheumatologic conditions (in patients with an acquired 
CTD, additional diagnosis of hEDS requires meeting Features A and 
B of Criterion 2; Feature C of Criterion 2 cannot be counted 
towards a diagnosis of hEDS)
Exclusion of alternative diagnoses that may also include joint 
hypermobility by means of hypotonia and/or connective tissue 
laxity including, but not limited to, neuromuscular disorders, other 
hereditary disorders of the connective tissue, and skeletal 
dysplasias

The clinical diagnosis of hEDS requires the presence of all three criteria. †The Beighton score is 
the best-validated tool for assessing joint hypermobility. CTD = connective tissue disease; 
EDS = Ehlers–Danlos Syndrome; hEDS = hypermobile Ehlers–Danlos Syndrome. Source: Malfait 
et al. 2017.19 Adapted with permission from John Wiley and Sons.
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required for the virus to trigger an underlying autoimmune or inflammatory 
process.39–41 Long COVID may be implicated in similar mechanisms related 
to POTS, including neuropathologies, endothelial dysfunction, and blood 
flow abnormalities.42 Although COVID-19 brought the presentation of post-
viral POTS into the spotlight, there have been several reports of autonomic 
dysfunction developing after viral illness even before the COVID-19 
pandemic.43 Even though an exact mechanism has not been identified, it 
is suggested that autoimmune responses to viral illness may trigger POTS, 
with up to 50% of POTS patients reporting a viral illness preceding their 
symptoms.22

Migraine Headaches
Migraines are frequently reported among POTS patients, although the 
etiology of this association is not understood.44 Autonomic symptoms 
seen with migraines could result from activation of brain regions that 
control autonomic regulation, although activation of the nervous system 
may also play a role.30 Central sensitization, an increased response to 
nociceptors, is a key feature of migraines and has been demonstrated in 
POTS patients.30

Post-ganglionic sympathetic denervation and amplified sympatho–
adrenomedullary axis activity are felt to be related to the pathophysiology 
of neurogenic and hyperadrenergic POTS, respectively. Sympathetic 
denervation may alter cerebral hemodynamics, resulting in reduced 
cerebral perfusion, which has been demonstrated in both migraines and 
POTS.30 Norepinephrine and other sympathetic mediators are noted to be 
elevated during migraines, suggesting increased activity of the sympatho-
adrenomedullary axis.30

Post-concussive Syndrome
Orthostatic intolerance has been noted in patients with post-concussive 
syndrome. This is believed to have a similar pathophysiology to migraines, 
with cerebral hypoperfusion and/or sympathetic overactivity related to 
positional changes.45 Although most post-concussive symptoms are self-
resolving over time, some patients can have prolonged symptoms. 
Orthostatic intolerance had a high prevalence in patients with prolonged 
symptoms, particularly when lasting for longer than 3 months.46 
Interestingly, however, there are some discrepancies between patients 
with post-concussive syndrome and POTS patients.46 Post-concussive 
orthostatic intolerance lacks the strong predominance in women seen in 
POTS. In addition, despite some patients having prolonged symptoms, 
post-concussive orthostatic intolerance has a more favorable recovery 
timeline than POTS, with recovery in several months with or without 
therapy.47

Additional Associations and Postural Orthostatic 
Tachycardia Syndrome Mimickers
Common differential diagnoses for POTS include thyroid disorders and 
thyrotoxicosis, inappropriate sinus tachycardia, pheochromocytoma, 
anxiety, dehydration, infection, hypoadrenalism, and medication-induced 
tachycardia.5,48 The following conditions may present in tandem with 
POTS, although any mechanistic relationships are still under review.

Pelvic Congestion Disorder
A subset of POTS patients may present with pelvic congestion and venous 
compression disorders, particularly among patients who co-present with 
EDS.49,50 May–Thurner syndrome is one such disorder, in which the right 
common iliac artery compresses the left common iliac vein, causing pelvic 
venous congestion.50 Nutcracker syndrome is an obstruction of the left 
renal vein between the aorta and superior mesenteric artery.51 The 

‘atypical’ form of nutcracker syndrome presents with fatigue, orthostatic 
intolerance, and dysmenorrhea and dyspareunia in women.51 Further 
research is needed to assess whether surgical intervention in these 
congestive disorders improves POTS symptoms in these patients.

Iron Deficiency and Anemia
Whether iron deficiency is specifically related to POTS or serves as a 
mimicker via diminished venous return is still under review.11 Dodson et al. 
found an association between restless legs syndrome, a condition often 
caused by iron deficiency anemia, and POTS.52 Disruption of nitric oxide 
activity from endothelial cells and subsequent postural vasodilation has 
been suggested as one mechanism for anemia-induced orthostatic 
intolerance.53 In our experience, women with MCAS complain of notably 
heavy menstrual cycles, and we recommend evaluating blood counts and 
iron studies in all patients presenting with orthostatic intolerance.

Spinal Cord Fluid Leak
Leakage of spinal cord fluid can cause orthostatic headaches due to 
intracranial hypotension.54 Prior reports have suggested a connection 
between spinal cord fluid leaks and POTS via autonomic dysfunction and 
possibly hypovolemia.55 There have been reports of co-occurrences of 
POTS and spontaneous intracranial hypotension.54,55 Disorders that lead 
to tissue weakening, such as EDS, may predispose POTS patients to 
spontaneous intracranial hypotension and migraines.55

Human Papilloma Virus and COVID-19 Vaccination
A controversial association between vaccination for human papilloma 
virus (HPV) and autonomic dysfunction has been suggested.56,57 
Specifically, HPV vaccination has been associated with triggering many 
of the aforementioned diagnoses, including CRPS, POTS, SFN, and ME/
CFS, and is thought to be related to autoimmunity and autoantibodies in 
these patients.57 Currently, no conclusive evidence suggests the 
development of POTS in HPV vaccine recipients, and the possibility of 
developing POTS is not a contraindication to receiving the HPV 
vaccine.56,58

Similarly, Kwan et al. reported increased odds of a new POTS diagnosis 
after COVID-19 vaccination in a cohort of 284,592 patients within 90 days 
of vaccination.35 POTS-associated diagnoses were 1.52-fold more likely 
after than before COVID-19 vaccination, although significantly less likely 
than in individuals infected with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). In addition to new diagnoses of POTS, they 
also identified increased odds of MCAS diagnoses, but lower odds of EDS 
diagnoses, after vaccination.35 Kwan et al. proposed that patients may 
have systemic immunologic responses to the SARS-CoV-2 spike protein, 
although to a lesser degree than actual viral exposure.35

Treatments and Therapies
There are various therapies available for the management of POTS. 
Although some of these therapies are recommended based on peer-
reviewed evidence, there are additional medications that have been 
anecdotally found to be effective. With the range of clinical manifestations 
and associated conditions seen in POTS, the response to therapy varies 
widely, and finding the appropriate management strategy may require 
trial and error and should be individualized to each patient. 

Special care should also be taken to not only treat POTS symptoms, but 
also to treat the potential underlying cause or associated condition the 
patient presents with. It is important for providers to know the first-line 
therapies that should be used in all POTS patients while also understanding 
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other medications that are available and are best for specific clinical 
manifestations, as well as which to avoid based on their particular side-
effects in this patient population (Table 4).

Wells et al. compared various treatment methods described for POTS 
patients, including intravascular volume expansion, vasopressor therapy, 
and heart rate reduction, to determine optimal treatment recommendations 

for treating POTS.59 These authors found moderate efficacy with each of 
the described treatments, but there was no outstanding therapy that 
alleviated symptoms. This may be due, in part, to limitations in randomized 
clinical trials and inconsistent questionnaires to evaluate efficacy. Below, 
we describe several non-pharmacologic, pharmacologic, and 
interventional therapies that may be considered in the management of 
POTS patients.

Second-line Treatment (continued)
Midodrine/droxidopa
• Increases BP and helps reduce heart rate; be aware of possible supine 

hypertension

β-blocker
• Improves heart rate control and reduces syncopal/pre-syncopal symptoms and 

shortness of breath
–  non-selective β-blockers: propranolol (short-acting before exercise or long-acting 

daily), nadolol
– cardioselective β-blockers: acebutelol, metoprolol succinate

Calcium channel blocker
• Can be used if patient fails β-blocker or if there are significant Raynaud’s symptoms
• Can worsen venous pooling

Ivabradine (If channel blocker)
• Beneficial for patients who cannot tolerate β-blockers or calcium channel blockers 

due to low BP or other side-effects

SSRI
• Patient should be warned before initiating about black box warning of increased 

risk of suicidal ideation
– Fluoxetine if history of brain fog or fatigue*
– Sertraline or escitalopram if prominent anxiety symptoms*

Bupropion
• May be useful with significant brain fog

Third-line Treatment
To be used if symptoms not managed well-enough by first- and second-line therapies 
for progression of Levine Protocol†, or if unable to tolerate above therapies

Desmopressin 
• Monitor sodium levels

Pyridostigmine
• Particularly beneficial with fatigue that progresses over the course of the day*

SNRI
• Can be used for chronic pain and can increase BP (not recommended for 

hyperadrenergic POTS or baseline elevated BP)
• Avoid venlafaxine due to association with significant tachycardia

– duloxetine, desvenlafaxine

IV fluids
• Can be used if poor oral intake from gastrointestinal issues
• May be necessary to stabilize patient for management

Consider checking for venous insufficiency and iliac vein compression* (will occur 
primarily in patients with significant lower extremity symptoms and significant 
improvement with compression therapy)
• Consult vascular specialist to consider ablation/stenting if venous abnormalities are 

present

Subcutaneous or IV immunoglobulin (especially in patients with underlying SFN or 
autoimmune disorder)

*These recommendations are based on clinical, anecdotal experience and are not yet supported 
by the literature.†The Levine Protocol is a graded exercise program designed to increase exercise 
tolerance in POTS patients. Evidence for the efficacy of this protocol has been reviewed by Fu and 
Levine.61 BP = blood pressure; hEDS = hypermobile Ehlers–Danlos Syndrome; IBS = irritable bowel 
syndrome; MCAS = mast cell activation syndrome; POTS = postural orthostatic tachycardia 
syndrome; SBP = systolic blood pressure; SFN = small fiber neuropathy; SNRI = serotonin–
norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor.

First-line Treatment
In-depth evaluation of underlying pathophysiology, complete review of systems, with 
directed therapy as able
• Removal of a specific trigger or underlying process often markedly improves 

symptoms

Increase fluids to 2–3 l/day

Liberalize salt intake

In our practice, we use SBP as a guide given many patients with POTS are 
hyperadrenergic and have elevated BPs, as follows:*
• SBP >135 mmHg: 2–3 g/day sodium 
• SBP 120–135 mmHg: 3–6 g/day sodium 
• SBP 100–120 mmHg: >6 g/day sodium 
• SBP <100 mmHg: 6–12 g/day sodium

Compression garments:
• 20–30 mmHg compression to the thigh or waist is preferred, although any 

compression is beneficial
• Abdominal binders may show benefit

Low-impact recumbent exercise
• If hEDS or mixed connective tissue disorder, refer for physical therapy and consider 

vestibular therapy*
• If no significant chronic fatigue, start Levine Protocol† (important to start slowly with 

gradual progression with concern for postexertional malaise)

Antihistamines (both H1 and H2 receptor antagonists): anecdotal benefit in our clinic 
patients*
• Use if multiorgan symptoms, presence of IBS, migraine, menorrhagia, seasonal 

allergies, heat sensitivity, rash, dermatographism, food sensitivities, medication 
intolerances, brain fog, fatigue

• H1 receptor antagonists:
– cetirizine, fexofenadine, loratadine, levocetirizine
– consider titration to higher doses if no symptom relief
–  if one H1 receptor antagonist does not work, try another; they can work differently 

for each patient
• H2 receptor antagonists:

– famotidine, ranitidine; dosed twice daily

Consider allergist referral
• For evaluation of concurrent chronic idiopathic urticaria or MCAS and targeted 

allergy therapy

Address contributing factors
• Manage menorrhagia and consider referral to gynecology for low-dose estrogen or 

progestin-only contraceptive
• Treat nutritional deficiencies (i.e. iron, vitamin D, vitamin B12)
• Trial gluten-free diet and remove any possible food triggers (i.e. corn, dairy)

Second-line Treatment
These therapies may be used individually or in combination. They should be started at 
the lowest dose and only one at a time to evaluate effect and monitor closely for 
intolerance and side-effects that can occur in this patient population.
The goal of medical therapy is to manage symptoms well enough to allow progression 
of the Levine Protocol†

Fludrocortisone
• Increases blood volume to help manage low BP and high heart rate
• Monitor potassium levels

(continued)

Table 4: Proposed Clinical Approach for Management of POTS Based on Evidence and Clinical Experience
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Non-pharmacologic Therapies
Exercise, increased salt (10–12 g/day) and fluid intake (2–3 l/day), and 
discontinuing medications that may contribute to POTS should be initiated 
in all patients diagnosed with POTS.6,8 Exercise regimens should start with 
maneuvers that do not require upright posture, such as rowing, swimming, 
and recumbent bicycles.9,60 Strength training improves physical 
deconditioning and small stroke volumes, and leads to improved quality 
of life in these patients. Physical maneuvers such as leg crossing, muscle 
pumping, and squatting may improve acute symptom onset.60 The Levine 
Protocol is a 3-month exercise program that has shown efficacy in 
lowering heart rates and improving cardiac output in POTS patients.61

Compression stockings are useful for decreasing lower extremity blood 
pooling and increasing venous return, although the stockings should 
reach at least the thigh for maximum benefit. In certain individuals, 
abdominal binders may also be beneficial by reducing abdominal venous 
pooling.9

Dietary changes can significantly improve the quality of life of POTS 
patients. Gluten-free diets in particular have shown improvement in 
autonomic symptoms, most notably orthostatic intolerance, vasomotor 
symptoms, and gastrointestinal symptoms.62 Smaller portioned meals 
may decrease postprandial gut venous pooling, and high-fiber diets can 
improve GI symptoms such as constipation.9

Finally, for acute decompensation and for patients who cannot tolerate 
oral hydration due to GI symptoms, intravenous saline infusion may 
alleviate symptoms, although some studies have demonstrated saline’s 
efficacy in symptom improvement for non-acute presentations.5,63 
Additional non-pharmacologic therapies focus on symptomatic 
improvement, such as breathing physiotherapy.6

Pharmacologic Therapies
Currently, there are no Food and Drug Administration (FDA)-approved 
treatments for POTS, and pharmacologic agents used in POTS patients 
are considered off-label.8 Medication decision-making should incorporate 
specific patient presentations and observed associations, as well as an 
informed discussion between the patient and prescriber about the risks 
and benefits.

Medications That Target Vascular Tone
Midodrine, an α1-adrenergic agonist, is an effective treatment for POTS 
secondary to abnormal vascular tone by increasing vasoconstriction and, 
consequently, improving venous return to the heart.64 Evening doses of 
midodrine should be avoided due to supine hypertension.9 Octreotide is 
another vasoconstricting medication that primarily targets the splanchnic 
vasculature; however, octreotide is administered as a subcutaneous or 
intramuscular injection, which may limit adherence.65 Droxidopa is a 
synthetic amino acid precursor of norepinephrine and assists in increasing 
vasoconstriction peripherally with minimal effects on blood pressure.5,8 
Finally, stimulant medications such as modafinil, in addition to improving 
symptoms of brain fog and fatigue, can induce peripheral vasoconstriction, 
although these medications may also increase blood pressure and 
tachycardia.5,65

Medications That Target Rapid Heart Rate
β-blockers are frequently used for tachycardia in POTS patients. These 
medications reduce cardiac baroreceptor activation, lower serum 
norepinephrine levels, and inhibit sympathetic nerve activity.66 Although 
the non-selective β-blocker propranolol is most prescribed, a randomized 

clinical trial by Moon et al. found that both propranolol and bisoprolol, a 
β1-adrenergic receptor-selective antagonist, were efficacious in improving 
quality of life and depressive symptoms for POTS patients.67 Broadening 
the scope of β-blockers to longer-acting β-blockers serves a potential role 
in treatment. Calcium channel blockers may be considered in patients 
who cannot tolerate β-blockers, although they carry the risk of worsened 
venous pooling. Verapamil, in particular, may be helpful in patients with a 
‘hyperadrenergic’ subtype and may alleviate migraine symptoms.7

Ivabradine, a drug approved by the FDA for symptomatic heart failure with 
reduced ejection fraction, is being increasingly used in POTS patients due 
to its cardiac selectivity.68 Ivabradine blocks the funny (If) current of the 
sinoatrial node, thereby lowering heart rate and increasing diastolic time 
without lowering blood pressure.68 This medication may be particularly 
useful for the hyperadrenergic form of POTS. Taub et al. performed a 
clinical trial that demonstrated ivabradine’s efficacy in improving both 
heart rate and quality of life in hyperadrenergic POTS patients.69 Ruzieh et 
al. found that numerous POTS symptoms, including palpitations, 
lightheadedness, syncope, fatigue, brain fog, and shortness of breath, 
improved after ivabradine use.70

Pyridostigmine acts to inhibit acetylcholinesterase, increasing the 
availability of acetylcholine at ganglionic nicotinic receptors and 
postganglionic muscarinic receptors. This increases parasympathetic and 
cardiovagal tone, resulting in reduced heart rate.6 Kanjwal et al. found 
that pyridostigmine use improved fatigue, palpitations, presyncope, and 
syncope due to improvements in hemodynamics without reflex 
tachycardia.71 Notably, GI upset is a frequently reported side effect of this 
therapy.

Medications That Target Hypovolemia
In addition to salt supplementation, fludrocortisone, a glucocorticoid that 
acts similarly to aldosterone, has shown efficacy in improving POTS 
symptoms.65 However, patient adherence due to weight gain may be a 
challenge, as well as the need for routine monitoring of serum potassium 
levels for hypokalemia.65 Desmopressin is a vasopressin analog that 
similarly increases blood volume, although desmopressin has fewer 
vasopressor effects than vasopressin.72 Coffin et al. showed that 
desmopressin administration significantly decreased standing heart rate 
without significantly changing blood pressure.72 Erythropoietin can 
increase vascular volume but requires frequent complete blood count 
checks and increases the risk of venous thromboembolism, stroke, and 
MI.11,65 In a retrospective analysis, Kanjwal et al. found clinical improvement 
in patients using erythropoietin whose symptoms were refractory to other 
medications.73

Medications That Target Sympathetic Activity
Clonidine, an α2-adrenergic receptor agonist, improves POTS symptoms 
by decreasing sympathetic activity and reducing autonomic instability.9 
Methyldopa, a longer acting α2-adrenergic receptor agonist, is reported 
to be better tolerated by POTS patients than clonidine.74 These medications 
may be beneficial and tolerated better in hyperadrenergic POTS than in 
neuropathic POTS.8

Medications with Undefined Mechanisms 
or Subtype-specific Targets
Selective serotonin reuptake inhibitors (SSRIs) have demonstrated 
symptomatic improvement in POTS patients.75 These medications increase 
monoamine neurotransmitter availability in the synaptic cleft to increase 
neurotransmission.75 SSRIs can also improve vasovagal syncope through 
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an unknown mechanism, although peripheral vasoconstriction through 
increased norepinephrine bioavailability may play a role.75 Mar et al. 
found that sertraline may have a mild pressor effect, but no significant 
effect on heart rate or symptom improvement.75 In addition, atomoxetine, 
a serotonin–norepinephrine reuptake inhibitor (SNRI), has been studied in 
POTS patients and has demonstrated worsening of self-reported 
symptoms and increases in standing and sitting heart rate.76 Atomoxetine 
is occasionally prescribed by physicians in an attempt to increase 
peripheral vasoconstriction, but may lead to a worsening of symptoms.76 
Bupropion has shown improvement in syncope, although no effect on 
heart rate, and, in our clinic, has assisted patients who present with brain 
fog.77

Therapies directed towards mast cell activation may also provide benefit 
in patients with POTS, particularly those with suspected coexisting MCAS. 
First-line treatment for MCAS is avoidance of or desensitization to 
triggers.78 In addition, beneficial pharmacologic therapies include 
histamine antagonists (at both H1 and H2 receptors), mast cell stabilizers 
such as cromolyn sodium, and leukotriene receptor antagonists such as 
montelukast.18 Molderings et al. have published a comprehensive review 
of MCAS therapies, although POTS-specific management related to MCAS 
has not been thoroughly explored.78

For patients with autoimmune-associated POTS, particularly those 
diagnosed with SFN, IVIG and plasmapheresis have demonstrated 
improvement in symptoms.79 Kesterson et al. explored less invasive 
subcutaneous administration of immunoglobulin in patients with various 
autoimmune associations and severe symptomatic POTS and found that 
subcutaneous immunoglobulin administration was beneficial in alleviating 
patient-reported symptoms.32

Interventional Therapies
Although the use of implantable devices and procedural interventions are 
rare in POTS patients, a subset of patients may respond well to 
interventional therapies. Patients who experience neurocardiogenic 
syncope as part of their POTS presentation should be evaluated for the 
use of cardiac implanted electronic devices.12 Loop recorders may be 
used to identify arrhythmia causes of neurocardiogenic syncope, such as 
asystole or bradycardia.6 These patients may see symptomatic 
improvement with dual-chamber pacemaker placement. Kanjwal et al. 
demonstrated the elimination of syncope after pacemaker implantation in 
40 patients with asystole on loop recording, although symptoms of 
tachycardia and dizziness may persist.80

POTS patients who experience supraventricular tachycardia identified by 
an implantable loop recorder may respond well to cardiac ablation. 

Atrioventricular node ablation is an infrequently reported intervention that 
may alleviate symptoms in patients refractory to medical therapy.81 Sinus 
node ablation is not recommended due to increased risk of procedural 
complications, such as phrenic nerve paralysis and escalation of 
interventional therapy to a permanent pacemaker.82 de Asmundis et al. 
explored a sinus node-sparing technique using video-assisted epicardial 
ablation with endocardial 3D mapping that resulted in normal sinus 
rhythm in 11 POTS patients who underwent the procedure.82 Results from 
sinus node-sparing ablation therapy appear more efficacious and safer 
than radiofrequency sinus node ablation.83

Areas of Interest for Further Research
Although the therapies described above have been commented on in the 
POTS literature, there are other therapies that are worth mentioning that 
have not been formally studied but have anecdotally helped patients with 
POTS and would be interesting areas of future research. Many young 
women with POTS find exacerbation of symptoms around the time of their 
menstrual cycle or ovulation, possibly due, in part, to renin–angiotensin–
aldosterone system dysregulation.84,85 Regulating the hormonal cycle with 
continuous oral contraceptive therapy or placement of an intrauterine 
device with the guidance of a gynecologist can greatly improve the quality 
of life for these patients. Not only does the hormonal regulation help 
relieve excessive menstrual bleeding, limiting anemia and iron deficiency, 
but it also removes a potential trigger of symptoms by minimizing 
fluctuations in estrogen levels.84

Oral or IV iron supplementation in patients with or without anemia also 
provides subjective symptom relief. As we know from the heart failure 
literature, supplemental IV iron, but not oral iron, improves patient-
reported symptoms and quality of life and may have beneficial effects for 
preventing hospitalization and mortality.86 Another area of further 
exploration is the treatment of venous insufficiency or pelvic venous 
congestion, which would limit venous pooling and help with hypovolemic 
POTS symptoms.49

Conclusion
POTS is a heterogeneous disorder with variable clinical presentations and 
a substantial impact on patient quality of life. Associations with multiple 
disorders have been identified and may provide insight into previously 
unrecognized etiologies, novel pathophysiology, and optimal 
management of patient symptoms. Therapies vary widely for POTS and 
successful treatment may be viewed as an art focused on symptom 
improvement and the treatment of comorbid or underlying conditions 
rather than a standardized algorithm. Improved characterization of POTS 
symptoms and subtypes will be beneficial in designing ideal treatment 
plans for this population. 

1. Sheldon RS, Grubb BP, Olshansky B, et al. 2015 Heart 
Rhythm Society expert consensus statement on the 
diagnosis and treatment of postural tachycardia syndrome, 
inappropriate sinus tachycardia, and vasovagal syncope. 
Heart Rhythm 2015;12:e41–63. https://doi.org/10.1016/j.
hrthm.2015.03.029; PMID: 25980576.

2. Swai J, Hu Z, Zhao X, et al. Heart rate and heart rate 
variability comparison between postural orthostatic 
tachycardia syndrome versus healthy participants; a 
systematic review and meta-analysis. BMC Cardiovasc Disord 
2019;19:320. https://doi.org/10.1186/s12872-019-01298-y; 
PMID: 31888497.

3. Grubb BP. Postural tachycardia syndrome. Circulation 
2008;117:2814–7. https://doi.org/10.1161/
CIRCULATIONAHA.107.761643; PMID: 18506020.

4. Shaw BH, Stiles LE, Bourne K, et al. The face of postural 
tachycardia syndrome – insights from a large cross-
sectional online community-based survey. J Intern Med 
2019;286:438–48. https://doi.org/10.1111/joim.12895; 

PMID: 30861229.
5. Lei LY, Chew DS, Sheldon RS, Raj SR. Evaluating and 

managing postural tachycardia syndrome. Cleve Clin J Med 
2019;86:333–44. https://doi.org/10.3949/ccjm.86a.18002; 
PMID: 31066664.

6. Kichloo A, Aljadah M, Grubb B, Kanjwal K. Management of 
postural orthostatic tachycardia syndrome in the absence of 
randomized controlled trials. J Innov Card Rhythm Manag 
2021;12:4607–12. https://doi.org/10.19102/icrm.2021.120705; 
PMID: 34327047.

7. Fedorowski A. Postural orthostatic tachycardia syndrome: 
clinical presentation, aetiology and management. J Intern 
Med 2019;285:352–66. https://doi.org/10.1111/joim.12852; 
PMID: 30372565.

8. Zadourian A, Doherty TA, Swiatkiewicz I, Taub PR. Postural 
orthostatic tachycardia syndrome: prevalence, 
pathophysiology, and management. Drugs 2018;78:983–94. 
https://doi.org/10.1007/s40265-018-0931-5; PMID: 29943373.

9. Bryarly M, Phillips LT, Fu Q, et al. Postural orthostatic 

tachycardia syndrome: JACC focus seminar. J Am Coll Cardiol 
2019;73:1207–28. https://doi.org/10.1016/j.jacc.2018.11.059; 
PMID: 30871704.

10. Li H, Yu X, Liles C, et al. Autoimmune basis for postural 
tachycardia syndrome. J Am Heart Assoc 2014;3:e000755. 
https://doi.org/10.1161/JAHA.113.000755; PMID: 24572257.

11. Medow MS, Stewart JM. The postural tachycardia syndrome. 
Cardiol Rev 2007;15:67–75. https://doi.org/10.1097/01.
crd.0000233768.68421.40; PMID: 17303993.

12. Grubb AF, Grubb BP. Postural orthostatic tachycardia 
syndrome: new concepts in pathophysiology and 
management. Trends Cardiovasc Med 2023;33:65–9. https://
doi.org/10.1016/j.tcm.2021.10.007; PMID: 34695573.

13. Molderings GJ, Brettner S, Homann J, Afrin LB. Mast cell 
activation disease: a concise practical guide for diagnostic 
workup and therapeutic options. J Hematol Oncol 2011;4:10. 
https://doi.org/10.1186/1756-8722-4-10; PMID: 21418662.

14. Kohno R, Cannom DS, Olshansky B, et al. Mast cell 
activation disorder and postural orthostatic tachycardia 



POTS-associated Conditions and Management Strategies

US CARDIOLOGY REVIEW
www.USCjournal.com

syndrome: a clinical association. J Am Heart Assoc 
2021;10:e021002. https://doi.org/10.1161/JAHA.121.021002; 
PMID: 34398691.

15. Caslin HL, Kiwanuka KN, Haque TT, et al. Controlling mast 
cell activation and homeostasis: work influenced by Bill Paul 
that continues today. Front Immunol 2018;9:868. https://doi.
org/10.3389/fimmu.2018.00868; PMID: 29755466.

16. Shibao C, Arzubiaga C, Roberts LJ, 2nd, et al. 
Hyperadrenergic postural tachycardia syndrome in mast cell 
activation disorders. Hypertension 2005;45:385–90. https://
doi.org/10.1161/01.HYP.0000158259.68614.40; 
PMID: 15710782.

17. Weinstock LB, Brook JB, Myers TL, Goodman B. Successful 
treatment of postural orthostatic tachycardia and mast cell 
activation syndromes using naltrexone, immunoglobulin and 
antibiotic treatment. BMJ Case Rep 2018;2018:bcr-2017-
221405. https://doi.org/10.1136/bcr-2017-221405; 
PMID: 29326369.

18. Kohn A, Chang C. The relationship between hypermobile 
Ehlers–Danlos syndrome (hEDS), postural orthostatic 
tachycardia syndrome (POTS), and mast cell activation 
syndrome (MCAS). Clin Rev Allergy Immunol 2020;58:273–97. 
https://doi.org/10.1007/s12016-019-08755-8; PMID: 31267471.

19. Malfait F, Francomano C, Byers P, et al. The 2017 
international classification of the Ehlers–Danlos syndromes. 
Am J Med Genet C Semin Med Genet 2017;175:8–26. https://
doi.org/10.1002/ajmg.c.31552; PMID: 28306229.

20. Peebles KC, Tan I, Butlin M, et al. The prevalence and 
impact of orthostatic intolerance in young women across 
the hypermobility spectrum. Am J Med Genet A 
2022;188:1761–76. https://doi.org/10.1002/ajmg.a.62705; 
PMID: 35224842.

21. Celletti C, Borsellino B, Castori M, et al. A new insight on 
postural tachycardia syndrome in 102 adults with 
hypermobile Ehlers–Danlos syndrome/hypermobility 
spectrum disorder. Monaldi Arch Chest Dis 2020;90:259–62. 
https://doi.org/10.4081/monaldi.2020.1286; PMID: 32434316.

22. Benarroch EE. Postural tachycardia syndrome: a 
heterogeneous and multifactorial disorder. Mayo Clin Proc 
2012;87:1214–25. https://doi.org/10.1016/j.
mayocp.2012.08.013; PMID: 23122672.

23. Hakim A, O’Callaghan C, De Wandele I, et al. Cardiovascular 
autonomic dysfunction in Ehlers–Danlos syndrome-
hypermobile type. Am J Med Genet C Semin Med Genet 
2017;175:168–74. https://doi.org/10.1002/ajmg.c.31543; 
PMID: 28160388.

24. Lyons JJ, Yu X, Hughes JD, et al. Elevated basal serum 
tryptase identifies a multisystem disorder associated with 
increased TPSAB1 copy number. Nat Genet 2016;48:1564–9. 
https://doi.org/10.1038/ng.3696; PMID: 27749843.

25. Bonamichi-Santos R, Yoshimi-Kanamori K, Giavina-Bianchi P, 
Aun MV. Association of postural tachycardia syndrome and 
Ehlers–Danlos syndrome with mast cell activation disorders. 
Immunol Allergy Clin North Am 2018;38:497–504. https://doi.
org/10.1016/j.iac.2018.04.004; PMID: 30007466.

26. Joseph P, Arevalo C, Oliveira RKF, et al. Insights from 
invasive cardiopulmonary exercise testing of patients with 
myalgic encephalomyelitis/chronic fatigue syndrome. Chest 
2021;160:642–51. https://doi.org/10.1016/j.chest.2021.01.082; 
PMID: 33577778.

27. Shoenfeld Y, Ryabkova VA, Scheibenbogen C, et al. 
Complex syndromes of chronic pain, fatigue and cognitive 
impairment linked to autoimmune dysautonomia and small 
fiber neuropathy. Clin Immunol 2020;214:108384. https://doi.
org/10.1016/j.clim.2020.108384; PMID: 32171889.

28. Saperstein DS. Small fiber neuropathy. Neurol Clin 
2020;38:607–18. https://doi.org/10.1016/j.ncl.2020.04.001; 
PMID: 32703472.

29. Meyer C, Heidecke H. Antibodies against GPCR. Front Biosci 
(Landmark Ed) 2018;23:2177–94. https://doi.org/10.2741/4698; 
PMID: 29772554.

30. Mueller BR, Robinson-Papp J. Postural orthostatic 
tachycardia syndrome and migraine: a narrative review. 
Headache 2022;62:792–800. https://doi.org/10.1111/
head.14365; PMID: 35852052.

31. Kessler A, Yoo M, Calisoff R. Complex regional pain 
syndrome: an updated comprehensive review. 
NeuroRehabilitation 2020;47:253–64. https://doi.org/10.3233/
NRE-208001; PMID: 32986618.

32. Kesterson K, Schofield J, Blitshteyn S. Immunotherapy with 
subcutaneous immunoglobulin or plasmapheresis in 
patients with postural orthostatic tachycardia syndrome 
(POTS). J Neurol 2023;270:233–9. https://doi.org/10.1007/
s00415-022-11344-z; PMID: 36008726.

33. Strassheim V, Welford J, Ballantine R, Newton JL. Managing 
fatigue in postural tachycardia syndrome (PoTS): the 
Newcastle approach. Auton Neurosci 2018;215:56–61. https://
doi.org/10.1016/j.autneu.2018.02.003; PMID: 29519643.

34. Joseph P, Pari R, Miller S, et al. Neurovascular dysregulation 
and acute exercise intolerance in myalgic 

encephalomyelitis/chronic fatigue syndrome: a randomized, 
placebo-controlled trial of pyridostigmine. Chest 
2022;162:1116–26. https://doi.org/10.1016/j.
chest.2022.04.146; PMID: 35526605.

35. Kwan AC, Ebinger JE, Wei J, et al. Apparent risks of postural 
orthostatic tachycardia syndrome diagnoses after COVID-19 
vaccination and SARS-Cov-2 infection. Nat Cardiovasc Res 
2022;1:1187-94. https://doi.org/10.1038/s44161-022-00177-8; 
PMID: 37303827.

36. Ormiston CK, Swiatkiewicz I, Taub PR. Postural orthostatic 
tachycardia syndrome as a sequela of COVID-19. Heart 
Rhythm 2022;19:1880–9. https://doi.org/10.1016/j.
hrthm.2022.07.014; PMID: 35853576.

37. Hassani M, Fathi Jouzdani A, Motarjem S, et al. How COVID-
19 can cause autonomic dysfunctions and postural 
orthostatic syndrome? A review of mechanisms and 
evidence. Neurol Clin Neurosci 2021;9:434–42. https://doi.
org/10.1111/ncn3.12548; PMID: 34909198.

38. Ocher RA, Padilla E, Hsu JC, Taub PR. Clinical and laboratory 
improvement in hyperadrenergic postural orthostatic 
tachycardia syndrome (POTS) after COVID-19 infection. Case 
Rep Cardiol 2021;2021:7809231. https://doi.
org/10.1155/2021/7809231; PMID: 34471549.

39. Raffaello WM, Huang I, Budi Siswanto B, Pranata R. In-depth 
review of cardiopulmonary support in COVID-19 patients 
with heart failure. World J Cardiol 2021;13:298–308. https://
doi.org/10.4330/wjc.v13.i8.298; PMID: 34589166.

40. Chadda KR, Blakey EE, Huang CL, Jeevaratnam K. Long 
COVID-19 and postural orthostatic tachycardia syndrome – 
is dysautonomia to be blamed? Front Cardiovasc Med 
2022;9:860198. https://doi.org/10.3389/fcvm.2022.860198; 
PMID: 35355961.

41. Blitshteyn S, Whitelaw S. Postural orthostatic tachycardia 
syndrome (POTS) and other autonomic disorders after 
COVID-19 infection: a case series of 20 patients. Immunol 
Res 2021;69:205–11. https://doi.org/10.1007/s12026-021-
09185-5; PMID: 33786700.

42. Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: 
major findings, mechanisms and recommendations. Nat Rev 
Microbiol 2023;21:133–46. https://doi.org/10.1038/s41579-
022-00846-2; PMID: 36639608.

43. Kimpinski K, Figueroa JJ, Singer W, et al. A prospective, 
1-year follow-up study of postural tachycardia syndrome. 
Mayo Clin Proc 2012;87:746–52. https://doi.org/10.1016/j.
mayocp.2012.02.020; PMID: 22795533.

44. Ray JC, Pham X, Foster E, et al. The prevalence of 
headache disorders in postural tachycardia syndrome: a 
systematic review and meta-analysis of the literature. 
Cephalalgia 2022;42:1274–87. https://doi.
org/10.1177/03331024221095153; PMID: 35469447.

45. Miranda NA, Boris JR, Kouvel KM, Stiles L. Activity and 
exercise intolerance after concussion: identification and 
management of postural orthostatic tachycardia syndrome. 
J Neurol Phys Ther 2018;42:163–71. https://doi.org/10.1097/
NPT.0000000000000231; PMID: 29864098.

46. Pearson R, Sheridan CA, Kang K, et al. Post-concussive 
orthostatic tachycardia is distinct from postural orthostatic 
tachycardia syndrome (POTS) in children and adolescents. 
Child Neurol Open 2022;9:2329048X221082753. https://doi.
org/10.1177/2329048X221082753; PMID: 35647216.

47. Gould SJ, Cochrane GD, Johnson J, et al. Orthostatic 
intolerance in post-concussion patients. Phys Sportsmed 
2022;50:429–34. https://doi.org/10.1080/00913847.2021.195
3357; PMID: 34236936.

48. Freeman R, Wieling W, Axelrod FB, et al. Consensus 
statement on the definition of orthostatic hypotension, 
neurally mediated syncope and the postural tachycardia 
syndrome. Auton Neurosci 2011;161:46–8. https://doi.
org/10.1016/j.autneu.2011.02.004; PMID: 21393070.

49. Knuttinen MG, Zurcher KS, Khurana N, et al. Imaging 
findings of pelvic venous insufficiency in patients with 
postural orthostatic tachycardia syndrome. Phlebology 
2021;36:32–7. https://doi.org/10.1177/0268355520947610; 
PMID: 32757696.

50. Ormiston CK, Padilla E, Van DT, et al. May–Thurner 
syndrome in patients with postural orthostatic tachycardia 
syndrome and Ehlers–Danlos syndrome: a case series. Eur 
Heart J Case Rep 2022;6:ytac161. https://doi.org/10.1093/
ehjcr/ytac161; PMID: 35620060.

51. Muheilan M, Walsh A, O’Brien F, Tuite D. Nutcracker 
syndrome, conservative approach: a case report. J Surg Case 
Rep 2022;2022:rjac423. https://doi.org/10.1093/jscr/rjac423; 
PMID: 36299914.

52. Dodson C, Bagai K, Weinstock LB, et al. Restless legs 
syndrome is increased in postural orthostatic tachycardia 
syndrome. J Clin Sleep Med 2021;17:791–5. https://doi.
org/10.5664/jcsm.9020; PMID: 33231164.

53. Jarjour IT, Jarjour LK. Low iron storage and mild anemia in 
postural tachycardia syndrome in adolescents. Clin Auton Res 
2013;23:175–9. https://doi.org/10.1007/s10286-013-0198-6; 

PMID: 23720007.
54. Kato Y, Hayashi T, Arai N, et al. Spontaneous intracranial 

hypotension associated with postural tachycardia syndrome. 
Intern Med 2019;58:2569–71. https://doi.org/10.2169/
internalmedicine.2587-18; PMID: 31118385.

55. Iser C, Arca K. Headache and autonomic dysfunction: a 
review. Curr Neurol Neurosci Rep 2022;22:625–34. https://doi.
org/10.1007/s11910-022-01225-3; PMID: 35994191.

56. Butts BN, Fischer PR, Mack KJ. Human papillomavirus 
vaccine and postural orthostatic tachycardia syndrome: a 
review of current literature. J Child Neurol 2017;32:956–65. 
https://doi.org/10.1177/0883073817718731; PMID: 28689455.

57. Blitshteyn S, Brinth L, Hendrickson JE, Martinez-Lavin M. 
Autonomic dysfunction and HPV immunization: an overview. 
Immunol Res 2018;66:744–54. https://doi.org/10.1007/s12026-
018-9036-1; PMID: 30478703.

58. Barboi A, Gibbons CH, Axelrod F, et al. Human 
papillomavirus (HPV) vaccine and autonomic disorders: a 
position statement from the American Autonomic Society. 
Clin Auton Res 2020;30:13–8. https://doi.org/10.1007/s10286-
019-00608-w; PMID: 31475305.

59. Wells R, Elliott AD, Mahajan R, et al. Efficacy of therapies for 
postural tachycardia syndrome: a systematic review and 
meta-analysis. Mayo Clin Proc 2018;93:1043–53. https://doi.
org/10.1016/j.mayocp.2018.01.025; PMID: 29937049.

60. Fu Q, Levine BD. Exercise and non-pharmacological 
treatment of POTS. Auton Neurosci 2018;215:20–7. https://doi.
org/10.1016/j.autneu.2018.07.001; PMID: 30001836.

61. Fu Q, Levine BD. Exercise in the postural orthostatic 
tachycardia syndrome. Auton Neurosci 2015;188:86–9. 
https://doi.org/10.1016/j.autneu.2014.11.008; PMID: 25487551.

62. Zha K, Brook J, McLaughlin A, Blitshteyn S. Gluten-free diet 
in postural orthostatic tachycardia syndrome (POTS). Chronic 
Illn 2023;19:409–17. https://doi.
org/10.1177/17423953221076984; PMID: 35098721.

63. Snapper H, Cheshire WP. Oral and intravenous hydration in 
the treatment of orthostatic hypotension and postural 
tachycardia syndrome. Auton Neurosci 2022;238:102951. 
https://doi.org/10.1016/j.autneu.2022.102951; 
PMID: 35123367.

64. Deng W, Liu Y, Liu AD, et al. Difference between supine and 
upright blood pressure associates to the efficacy of 
midodrine on postural orthostatic tachycardia syndrome 
(POTS) in children. Pediatr Cardiol 2014;35:719–25. https://
doi.org/10.1007/s00246-013-0843-9; PMID: 24253613.

65. Miller AJ, Raj SR. Pharmacotherapy for postural tachycardia 
syndrome. Auton Neurosci 2018;215:28–36. https://doi.
org/10.1016/j.autneu.2018.04.008; PMID: 29753556.

66. Deng X, Zhang Y, Liao Y, Du J. Efficacy of beta-blockers on 
postural tachycardia syndrome in children and adolescents: 
a systematic review and meta-analysis. Front Pediatr 
2019;7:460. https://doi.org/10.3389/fped.2019.00460; 
PMID: 31788462.

67. Moon J, Kim DY, Lee WJ, et al. Efficacy of propranolol, 
bisoprolol, and pyridostigmine for postural tachycardia 
syndrome: a randomized clinical trial. Neurotherapeutics 
2018;15:785–95. https://doi.org/10.1007/s13311-018-0612-9; 
PMID: 29500811.

68. Tahir F, Bin Arif T, Majid Z, et al. Ivabradine in postural 
orthostatic tachycardia syndrome: a review of the literature. 
Cureus 2020;12:e7868. https://doi.org/10.7759/cureus.7868; 
PMID: 32489723.

69. Taub PR, Zadourian A, Lo HC, et al. Randomized trial of 
ivabradine in patients with hyperadrenergic postural 
orthostatic tachycardia syndrome. J Am Coll Cardiol 
2021;77:861–71. https://doi.org/10.1016/j.jacc.2020.12.029; 
PMID: 33602468.

70. Ruzieh M, Sirianni N, Ammari Z, et al. Ivabradine in the 
treatment of postural tachycardia syndrome (POTS), a single 
center experience. Pacing Clin Electrophysiol 2017;40:1242–5. 
https://doi.org/10.1111/pace.13182; PMID: 28846151.

71. Kanjwal K, Karabin B, Sheikh M, et al. Pyridostigmine in the 
treatment of postural orthostatic tachycardia: a single-
center experience. Pacing Clin Electrophysiol 2011;34:750–5. 
https://doi.org/10.1111/j.1540-8159.2011.03047.x; 
PMID: 21410722.

72. Coffin ST, Black BK, Biaggioni I, et al. Desmopressin acutely 
decreases tachycardia and improves symptoms in the 
postural tachycardia syndrome. Heart Rhythm 2012;9:1484–
90. https://doi.org/10.1016/j.hrthm.2012.05.002; 
PMID: 22561596.

73. Kanjwal K, Saeed B, Karabin B, et al. Erythropoietin in the 
treatment of postural orthostatic tachycardia syndrome. Am 
J Ther 2012;19:92–5. https://doi.org/10.1097/
MJT.0b013e3181ef621a; PMID: 20838326.

74. Mar PL, Raj SR. Postural orthostatic tachycardia syndrome: 
mechanisms and new therapies. Annu Rev Med 
2020;71:235–48. https://doi.org/10.1146/annurev-
med-041818-011630; PMID: 31412221.

75. Mar PL, Raj V, Black BK, et al. Acute hemodynamic effects of 



POTS-associated Conditions and Management Strategies

US CARDIOLOGY REVIEW
www.USCjournal.com

a selective serotonin reuptake inhibitor in postural 
tachycardia syndrome: a randomized, crossover trial. J 
Psychopharmacol 2014;28:155–61. https://doi.
org/10.1177/0269881113512911; PMID: 24227635.

76. Green EA, Raj V, Shibao CA, et al. Effects of norepinephrine 
reuptake inhibition on postural tachycardia syndrome. J Am 
Heart Assoc 2013;2:e000395. https://doi.org/10.1161/
JAHA.113.000395; PMID: 24002370.

77. Vyas R, Nesheiwat Z, Ruzieh M, et al. Bupropion in the 
treatment of postural orthostatic tachycardia syndrome 
(POTS): a single-center experience. J Investig Med 
2020;68:1156–8. https://doi.org/10.1136/jim-2020-001272; 
PMID: 32606041.

78. Molderings GJ, Haenisch B, Brettner S, et al. 
Pharmacological treatment options for mast cell activation 
disease. Naunyn Schmiedebergs Arch Pharmacol 2016;389:671–
94. https://doi.org/10.1007/s00210-016-1247-1; 
PMID: 27132234.

79. Pitarokoili K, Maier A, de Moya Rubio EC, et al. Maintenance 

therapy with subcutaneous immunoglobulin in a patient with 
immune-mediated neuropathic postural tachycardia 
syndrome. J Transl Autoimmun 2021;4:100112. https://doi.
org/10.1016/j.jtauto.2021.100112; PMID: 34471867.

80. Kanjwal K, Kichloo A, Qadir R, Grubb BP. Further 
observations on the use of pacemakers in patients with 
postural orthostatic tachycardia syndrome with 
demonstrated asystole. J Innov Card Rhythm Manag 
2021;12:4447–50. https://doi.org/10.19102/icrm.2021.120307; 
PMID: 33777484.

81. Nakatani Y, Mizumaki K, Nishida K, Inoue H. Atrioventricular 
node ablation and pacemaker implantation for recurrent 
syncope in a patient with postural tachycardia syndrome 
(POTS). J Cardiovasc Electrophysiol 2011;22:1284–7. https://doi.
org/10.1111/j.1540-8167.2011.02078.x; PMID: 21539639.

82. de Asmundis C, Chierchia GB, Sieira J, et al. Sinus node 
sparing novel hybrid approach for treatment of 
inappropriate sinus tachycardia/postural orthostatic sinus 
tachycardia with new electrophysiological finding. Am J 

Cardiol 2019;124:224–32. https://doi.org/10.1016/j.
amjcard.2019.04.019; PMID: 31084999.

83. Lakkireddy D, Garg J, DeAsmundis C, et al. Sinus node 
sparing hybrid thoracoscopic ablation outcomes in patients 
with inappropriate sinus tachycardia (SUSRUTA-IST) registry. 
Heart Rhythm 2022;19:30–8. https://doi.org/10.1016/j.
hrthm.2021.07.010; PMID: 34339847.

84. Fu Q, VanGundy TB, Shibata S, et al. Menstrual cycle affects 
renal–adrenal and hemodynamic responses during 
prolonged standing in the postural orthostatic tachycardia 
syndrome. Hypertension 2010;56:82–90. https://doi.
org/10.1161/HYPERTENSIONAHA.110.151787; PMID: 20479333.

85. Peggs KJ, Nguyen H, Enayat D, et al. Gynecologic disorders 
and menstrual cycle lightheadedness in postural tachycardia 
syndrome. Int J Gynaecol Obstet 2012;118:242–6. https://doi.
org/10.1016/j.ijgo.2012.04.014; PMID: 22721633.

86. von Haehling S, Ebner N, Evertz R, et al. Iron deficiency in 
heart failure: an overview. JACC Heart Fail 2019;7:36–46. 
https://doi.org/10.1016/j.jchf.2018.07.015; PMID: 30553903.


