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A B S T R A C T 

Postural orthostatic tachycardia syndrome (POTS) 
is a condition in which a change from a supine to an 
upright position causes an abnormally large increase 
in heart rate which may be accompanied by a variety of 
physical complaints. We report two cases illustrating the 
heterogeneity of this syndrome. We give an update on the 
etiology of POTS, which is still poorly understood, and 
its overlap with other syndromes such as chronic fatigue 
syndrome. Clinicians should be aware of POTS, a fairly 
common clinical entity, that can result in significant 
impairments to a patient’s quality of life. Lifestyle measures 
(under which adequate fluid and salt intake, exercise) are a 
first line of treatment; if insufficient, pharmacotherapy can 
be considered to improve quality of life.

K E Y  W O R D S

Postural orthostatic tachycardia syndrome, orthostatic 
intolerance

I N T R O D U C T I O N 

Postural orthostatic tachycardia syndrome (POTS) is a 
condition in which a change from a supine to an upright 
position causes an abnormally large increase in heart rate.1 
A POTS diagnosis is made when patients meet all criteria 
shown in table 1. Common complaints, not all explained 
by the increase in heart rate only, are lightheadedness, 
palpitations, (pre-)syncope, fatigue, tremulousness and 
weakness or heaviness (especially of the legs).2,3 
POTS is probably underdiagnosed due to the heterogeneity 
in both presentation and etiology, and therefore the 
prevalence of POTS is still unsure. Three studies report 

a prevalence of approximately 170/100,000 in the United 
States.4-6 Mean age of onset of POTS is approximately 30 
years and most patients are between the ages of 20-40 
years. There is a clear overrepresentation of women with a 
corresponding female:male ratio of 5:1.6

We describe two illustrative cases, followed by 
considerations regarding pathophysiology and treatment 
consisting of lifestyle advice. This advice may include 
psychological interventions which, if necessary, may be 
combined with pharmacotherapy.

C A S E  R E P O R T S

Case 1
A 24-year-old Caucasian woman with an unremarkable 
medical history was referred to the outpatient clinic of 
internal medicine. Her referring cardiologist suspected 
POTS based on complaints of vertigo and postural-
dependent sinus tachycardia; the patient had no severe 
orthostatic hypotension and a structurally normal heart as 

Table 1. Criteria for the postural orthostatic 
tachycardia syndrome 1,16

Heart rate increases ≥ 30 (40 in children 12-19 years) 
bpm from supine to standing (10 minutes)

Symptoms worsen with standing and improve with 
recumbence

Symptoms last ≥ 6 months

Absence of orthostatic hypotension (≥ 20 mmHg drop in 
systolic blood pressure)

Absence of other overt cause of orthostatic symptoms or 
tachycardia

Bpm = beats per minute
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imaged by echocardiography. Her complaints, which also 
included flushing, malaise and concentration problems, 
started approximately three months earlier and improved 
when lying down and worsened when standing. Her sister 
and father had similar symptoms at the same age. 
We performed a tilt table test. Her supine blood pressure 
was 141/84 mmHg and her heart rate was 111 beats per 
minute (bpm). After being tilted, physical complaints such 
as flushing and palpitations developed progressively and 
after seven minutes, the test was stopped. Her heart rate 
rose to 150 bpm while blood pressure increased slightly to 
148/96 mmHg. At this point, blood tests were conducted. 
Serum noradrenaline level was 887 pg/ml (baseline 292 
pg/ml) and adrenaline level was 509 pg/ml (baseline 
44 pg/ml). These complaints and findings, in absence 
of another explanation such as adrenal insufficiency, 
confirmed the diagnosis of POTS (table 1). Since she 
had such a severe rise in heart rate and two first-degree 
relatives had similar symptoms, whole exome sequencing 
was performed after pretest counseling. No pathogenic 
variant, not even in the SLC6A2 gene (a gene that causes 
orthostatic intolerance),7 was identified.
We advised lifestyle changes, including substantial fluid 
and salt intake, compression stockings and supervised 
physical reconditioning (horizontally; for example, cycling). 
Simultaneously, as part of the recommended dual policy 
of physical and psychological treatment, we referred her to 
a psychologist to discuss psychological factors that could 
contribute to her POTS symptoms.3,8-10

As her symptoms did not improve within weeks, we 
prescribed short-acting beta blocker propranolol (uptitrated 
to 40 mg three times a day) and fludrocortisone (62.5 mcg 
once daily), combined with extra salt (NaCl tablets, 1000 mg 
three times a day). This resulted in good response, but 
the fludrocortisone led to severe insomnia. The patient 
herself suggested modafinil (100 mg bidaily) after reading 
Raj et al.,1 which was prescribed for her difficulty with 
concentration. This improved her so-called ‘’brain fog’’.1 
For exceptional occasions such as her wedding, she was 
prescribed desmopressin (DDAVP) after a test-dose 
including control of sodium levels was conducted, which 
improved her symptoms substantially. Over time, and 
considering all lifestyle measures, her condition improved 
and medication could be tapered after six months to 
propranolol 40 mg three times a day and salt suppletion 
only. Currently, her symptoms are well under control with 
lifestyle measures and propranolol has been further tapered.

Case 2
A 44-year-old Caucasian male visited the general 
practitioner with complaints of syncope while standing. 
These complaints were present for approximately five 
to six months and started after an intentional weight 
reduction of 30 kg (weight at presentation: 95 kg, height: 

1.97 m). Simultaneously, he developed paresthesia of his 
legs. He was referred to an internist and a cardiologist 
for further investigation. The cardiologist excluded 
underlying cardiac pathology. The internist referred him 
to our hospital for further diagnostics, in particular, 
a tilt table test. This was performed, and showed an 
increase in heart rate from 58 bpm in supine position to 
90 bpm when tilted, whereas his blood pressure remained 
around 154/98 mmHg. Noradrenaline rose to 229 pg/ml 
from a relatively low baseline level of 69 pg/ml. These 
measurements fit the criteria of POTS (table 1). 
The neurologist we consulted in our center concluded the 
paresthesia to be meralgia paresthetica of the right femoral 
cutaneous nerve and the left peroneal nerve, possibly 
triggered by the patient’s weight loss. An association with 
POTS was excluded, although no biopsy was performed 
to rule out small fiber neuropathy.11 We advised lifestyle 
changes, including intake of sufficient fluids and salts and 
prescribed sodium (NaCl tablets, 1000 mg three times a 
day). The symptoms of the patient resolved and no further 
pharmacotherapy was required.

D I S C U S S I O N

This paper describes two illustrative cases of patients 
with POTS. POTS, first described by Jacob Mendes Da 
Costa in 1871, is a clinical syndrome and not a distinct 
disease entity, and has clinical overlap with chronic 
fatigue syndrome and Ehlers-Danlos syndrome.12 Clinical 
diagnostic criteria for POTS are provided in table 1. 

Pathophysiology
Under normal circumstances, heart rate and blood 
pressure remain stable or change only slightly and for a 
very short period of time in response to changing from 
a supine to an upright position due to a rapid response 
originating from the baroreceptors. In POTS patients 
however, heart rate increases to very high levels and for 
a longer time period. This is presumably due to different 
pathways. Hypovolemia is present in two-third of patients 
with POTS, potentially due to less responsiveness of 
the renin–angiotensin–aldosterone system.13,14 Elevated 
(> 600 pg/ml) catecholamine levels upon standing are 
commonly recognized in patients with POTS.15 Poor 
exercise tolerance and deconditioning is also present in 
the majority of cases. Although this could be a cause or a 
consequence of POTS, the fact that most patients benefit 
from exercise is an extra argument that deconditioning is a 
causal factor.16 In addition to these common findings, two 
specific subtypes can be distinguished in most studies: the 
hyperadrenergic and the neuropathic subtypes, although in 
clinical practice this subdivision is less useful and difficult 
to differentiate.1,9,16 A vast majority of POTS patients 
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experience autonomic dysfunction in various autonomic 
domains.17 Additional testing, such as measurement of 
catecholamines in response to standing or assessment of 
small fiber neuropathy, should be preserved for research 
purposes only or in specific indications – such as in case 2, 
where a relationship with the tremendous weight loss was 
likely.

Hyperadrenergic phenotype
A hyperadrenergic state, present in approximately 50% 
of patients with POTS, is due to excessive sympathetic 
discharge characterized by a supraphysiological rise in 
plasma levels of noradrenaline to 600 pg/ml or higher 
in response to standing as seen in case 1.3,9,16 Blood 
pressure may fluctuate or increase heavily (“orthostatic 
hypertension”) during prolonged standing. Symptoms 
of stress, emotional behavior and cold pale skin may 
occur upon standing.1 Likewise, the episodes can also 
be triggered by emotional stimuli and physical activity.3 
Earlier described hypovolemia may also attribute to the 
hyperadrenergic state. Hyperthyroidism or catecholamine-
secreting tumors should be ruled out as alternative 
diagnoses in patients presenting with this phenotype. 
In rare cases of familiar occurrence of POTS, a 
heterozygous variant in the SLC6A2 gene encoding the 
norepinephrine transporter has been found.7

Hyperadrenergic states have also been suggested 
to be secondary to immune disorders associated with 
antibodies against components of the voltage-gated 
potassium channel complex.3 Autoantibodies against 
the nicotinic acetylcholine receptor have been described 
to correlate with the severity of autonomic dysfunction 
in small patient cohorts.15,18,19 Recent studies have 
shown elevated autoantibodies against adrenergic 
receptors (α1AR) in patients with POTS, resulting in 
a compensatory autonomic vasoconstriction and 
concurrent α1AR-mediated tachycardia.20,21 Furthermore, 
another study showed Angiotensin II Type 1 Receptor 
autoantibodies (AT1R) in POTS patients.22 However, these 
are small studies in selected patient populations and 
therefore further research is needed to establish the 
clinical implications.

Neuropathic phenotype
The other important mechanism found in POTS is 
presumably caused by (partial) peripheral sympathetic 
denervation leading to impaired peripheral 
vasoconstriction.23 This denervation is thought to be a 
consequence of a small fiber neuropathy, which may be 
diagnosed by biopsy, impaired sweat testing or sudomotor 
axon reflex testing.11,15 There is lack of vasoconstriction 
resulting in venous pooling in the lower limbs, which is 
reversed when the patient lies down as a result of gravity.2,3 
Considering these aspects, the second case is expected to 

have the neuropathic form of POTS potentially related to 
his weight loss24,25 although biopsy was not performed. 
Indeed, in a small study over one third of patients fulfilled 
the criteria for POTS after bariatric surgery.26

Diagnostic approach
POTS patients present with atypical and rather common 
symptoms. The diagnostic approach is therefore 
challenging and based on four criteria (table 1) while 
excluding other causes (table 2). A key symptom for 
establishing the diagnosis of POTS within the differential 
diagnosis is worsening of symptoms while standing 
up. Since epidemiology and symptoms may overlap, 
inappropriate sinus tachycardia and vasovagal syncope 
must be distinguished from POTS, although these 
diagnoses are not mutually exclusive.16 Any condition 
or drug that could be causing orthostatic tachycardia, 
such as dehydration or pheochromocytoma, should be 
identified and adequately treated.27 The tilt table test is 
commonly used for diagnosing POTS, although this 
is not strictly necessary: a simple stand test might be 
sufficient to confirm the diagnosis; the same is true for 
the measurement of catecholamines before and after 
tilting.1,9,16

Overlap with other conditions
There seems to be an overlap with fibromyalgia (FM) 
and other medically unexplained physical symptoms (e.g., 
chronic fatigue sleep disturbances).3,28-30 POTS is found 
in up to 50% and 60% of patients with chronic fatigue 
syndrome (CFS) and FM, respectively.5,31 In patients with 
CFS, abnormalities of the vascular and autonomic nervous 
system are common.5,31 Similar to POTS patients, small 
fiber neuropathy also affects a majority of FM patients.32,33 
Given the similarities between symptoms of FM, CFS 
and POTS, it is reasonable to assume shared etiology 
between these conditions.28,31 This may involve so-called 
“somatic hypervigilance” or “central sensitization,” 
in which relatively mild or routine sensory information 
is experienced more intensely or more distressing than 
usual.10,34-37 This may also lead to a stronger physiological 
response to exercise, often reason to quit exercising.38 

Treatment options
Currently, there is no standard treatment for POTS, 
and treatment strategies should be based on clinical 
presentation, the assumed underlying pathophysiology, 
potential overlapping syndromes, deconditioning and any 
psychological factors that can sustain symptoms. 
First-line POTS therapy consists of lifestyle 
recommendations. A multidisciplinary approach including 
physiotherapy and psychological support is recommended 
to optimize lifestyle treatment to avoid overmedicalization 
(table 3).3,8,9,16
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Since hypovolemia seems to play a major role in the 
majority of patients, fluid intake of at least 2-3 liters as 
well as 10 grams of salt per day (studies differ in their 
advice between 8-10 or 10-12 grams) should be advised to 
prevent hypovolemia.1,16,27,39 A 24-hour urine measurement 
of sodium can be helpful since most patients often 
overestimate their current salt intake. Most patients may 
benefit from wearing support garments such as thigh-or 
waist-high tight support stockings in accordance with 
recommendations for orthostatic hypotension.1,3 Patients 
should be encouraged to begin a gradual program of 
physical reconditioning under supervision of a dedicated 
physical therapist, working toward a goal of performing 
20 to 30 minutes of aerobic activity (preferably horizontal, 
e.g., cycling) three times a week.40-42 
Psychological treatment including psychotherapy can be 
helpful, both to improve coping mechanisms as well as 
to address the somatic hypervigilance.8,43 In our center, 
every POTS patient is offered a visit to a psychologist. 
The psychologist can assess to which extent psychological 
issues may be involved in the etiology or maintenance 
of POTS.8 Clinical trials to identify the most effective 
psychological treatment enabling more specific referral and 
treatment are needed.
Pharmacotherapy may be required for patients who remain 
symptomatic after three months of optimal lifestyle 
interventions, or for patients whose severe symptoms 
hamper life style modifications even at earlier stages. 
Several drugs have shown a positive effect in POTS 
treatment, although one should keep in mind that the 
highest level of evidence is moderate and most options are 
based on non-interventional studies or expert opinions 
only (table 3). The most relevant options are shortly 
described below.

The best available evidence exists for low doses of 
short-acting beta blockers, in particular propranolol. 
It is mainly effective at lowering standing heart rate and 
improving complaints of palpitations.3,8,9,16 Interestingly, 
in a direct comparison, propranolol was inferior to 
exercise therapy.42 In this study, the combination of 
exercise and propranolol was not studied, contrasting 
with our recommendation to first optimize lifestyle before 
considering pharmacotherapy. High doses (≥ 80mg) 
of propranolol fail to show further improvement and may 
even worsen symptoms.44 
Fludrocortisone, a mineralocorticoid, can be used when 
hypovolemia is suspected, to enhance sodium retention 
and to promote intravascular volume expansion.1 However, 
it can exacerbate headaches and vertigo, particularly in 
patients with migraine.3

Incidentally, desmopressin can be used to reach rapid 
volume expansion.45 
Ivabradine, a selective sinus node inhibitor can slow heart 
rate without effecting blood pressure and seems to have a 
beneficial effect on fatigue.46,47 
When symptoms are severe due to high sympathetic 
nervous system activity, central sympatholytic agents, 
clonidine and methyldopa, can be perscribed. In patients 
who are refractory to other commonly-used medications, 
the use pyridostigmine, a peripheral acetylcholinesterase 
inhibitor, can be considered.48

Stimulating agents such as modafinil or methylphenidate 
may be considered to improve concentration and reduce 
mental clouding, although its mechanism is unknown. 
One should keep in mind that modafinil may aggravate 
the orthostatic tachycardia since tachycardia is a well 
known side effect, although this was not shown in a small 
trial focused on safety in patients with POTS.1,49 The 

Table 2. Diagnostic approach1,9,16

Investigation Diagnosis to be excluded

History focused on possible causes of orthostatic tachycardia, salt 
and fluid intake, impact on daily activities and family history

Underlying cardiac disease including arrhythmia such as 
inappropriate sinus tachycardia syndrome or conduction 
abnormalities51

Adrenal insufficiency (if suspicion, additional testing)
Triggers inducing tachycardia (drugs, diet)

Physical examination including stand test: BP and HR 
measurement supine and after 1, 3, 5 and 10 minutes of standing

ECG

Blood test for other causes of orthostatic intolerance: Hb, TSH Anemia
Hypothyroidism or hyperthyroidism

On indication:

(Nor)metanephrine (plasma or urine) Pheochromocytoma

Tilt table test (most important indication: inability to stand) If combined with catecholamines: autonomic failure

24-hour Holter monitoring, additional cardiac screening Underlying cardiac disease

BP = blood pressure; HR = heart rate; ECG = electrocardiogram; Hb = hemoglobin; TSH = thyroid stimulating hormone
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peripheral α1-adrenergic agonist midodrine may elicit 
vasoconstriction by reducing venous pooling, especially in 
neuropathic POTS.23 As most POTS patients are between 
20 and 40 years of age, its major side effect (e.g., urinary 
retention due to prostatic hypertrophy) is not an issue.2,6

Quality of life
POTS patients are limited in their physical activities and 
can become deconditioned over time.3,12,42 Unsurprisingly, 
quality of life in patients with POTS is low. Benrud-Larssen 
et al. reported that patients with POTS and patients with 

congestive heart failure had comparable physical and 
psychological composite scores.34 No correlation was found 
between quality of life and the maximal increase in heart 
rate.43 Despite the low quality of life, the prognosis of 
POTS is favorable, since 60% of the patients return with 
the given lifestyle and pharmacological options within five 
years to their level of functioning before onset; this should 
be emphasized to patients.2,50 However, resolution of 
symptoms as illustrated in the patients above is not always 
the case, and may lead to a more complex and chronic 
condition frustrating both patient and physician.

Table 3. Treatment options for POTS patients

Treatment option Recommendation Remarks Level of evidence*16

Lifestyle

Fluid intake
Salt (NaCl) intake

At least 2-3 l, daily
Circa 10 grams daily

When hypovolemia suspected 
(majority of patients)

Expert opinion1,3,9,16

Physical conditioning Preferably horizontal activity. 
20-30 minutes, 3 times a week

Moderate40-42

Compression stockings Waist-high style stockings (pressure 
30 to 40 mmHg)

Expert opinion1,3

Psychological interventions Focused on coping mechanisms and 
somatic hypervigilance

Expert opinion3,8,16,43

Pharmacological options

Propranolol 20 mg daily Only if blood pressure is sufficient
High dose (≥ 80 mg) may worsen 
symptoms

Moderate44

Fludrocortisone Start 50-62.5 µg/day to max 300 µg 
daily

When hypovolemia suspected.
Caution in patients with migraine. 
Side effects include hypokalemia, 
severe headaches and vertigo

Expert opinion1,3,9,12

Desmopressin 0.2 mg Side effects include hyponatremia. 
Only for occasional usage

Moderate45

Ivabradine Start 2.5 mg once or twice daily 
(lower than in case of heart failure)

Potentially beneficial for fatigue; 
may result in visual abnormalities 

Weak46

Clonidine

Methyldopa

0.1-0.2 mg bid or tid

125-250 mg bid 

Hyperadrenergic phenotype; side 
effects include drowsiness, fatigue 
and worsening of mental clouding

Weak52

Pyridostigmine 30-60 mg tid Side effects include gastrointestinal 
symptoms 

Moderate48, 53

Modafinil 100 mg bid Potentially beneficial for “brain 
fog”; orthostatic tachycardia may be 
worsened

Expert opinion1, 3, 16

Midodrine 2.5 mg tid Neuropathic phenotype; side effects 
include urinary retention due to 
prostatic hypertrophy

Moderate 54

bid = twice a day; tid = three times a day
* Scoring of evidence is as follows: moderate = one randomized controlled trial; weak = only small non-interventional studies; expert opinion = no 
specific studies in POTS, in most cases based on experience in orthostatic hypotension
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C O N C L U S I O N

In conclusion, POTS is a heterogeneous clinical syndrome 
that overlaps with multiple syndromes such as chronic 
fatigue syndrome and Ehlers-Danlos syndrome.
The diagnosis can be made in most cases by a 
thorough history, physical examination and a limited 
amount of additional testing to rule out other causes 
of orthostatic intolerance. Currently, there is not one 
standard treatment, but a treatment plan should entail 
lifestyle recommendations and psychological treatment. 
Pharmacological treatment is reserved for the patients who 
remain symptomatic despite these interventions. 
Especially in current times of self-diagnosing and 
‘self-educated’ patients who are familiar with this 
syndrome, clinicians should not only be well informed 
and aware of POTS, but also familiar with its multifactorial 
background and treatment options in order to optimize 
therapy options for their patients. 
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