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Postural Tachycardia Syndrome. Introduction: POTS is defined as the development of orthostatic
symptoms associated with a heart rate (HR) increment ≥30, usually to ≥120 bpm without orthostatic
hypotension. Symptoms of orthostatic intolerance are those due to brain hypoperfusion and those due to
sympathetic overaction.

Methods: We provide a review of POTS based primarily on work from the Mayo Clinic.
Results: Females predominate over males by 5:1. Mean age of onset in adults is about 30 years and most

patients are between the ages of 20–40 years. Pathophysiologic mechanisms (not mutually exclusive) include
peripheral denervation, hypovolemia, venous pooling, β-receptor supersensitivity, psychologic mechanisms,
and presumed impairment of brain stem regulation. Prolonged deconditioning may also interact with these
mechanisms to exacerbate symptoms. The evaluation of POTS requires a focused history and examination,
followed by tests that should include HUT, some estimation of volume status and preferably some evaluation
of peripheral denervation and hyperadrenergic state. All patients with POTS require a high salt diet, copious
fluids, and postural training. Many require β-receptor antagonists in small doses and low-dose vasocon-
strictors. Somatic hypervigilance and psychologic factors are involved in a significant proportion of patients.

Conclusions: POTS is heterogeneous in presentation and mechanisms. Major mechanisms are dener-
vation, hypovolemia, deconditioning, and hyperadrenergic state. Most patients can benefit from a patho-
physiologically based regimen of management. (J Cardiovasc Electrophysiol, Vol. 20, pp. 352-358, March
2009)

POTS, hypovolemia, denervation, deconditioning, orthostatic, hyperadrenergic state

Introduction

Orthostatic intolerance is defined as the development of
symptoms of cerebral hypoperfusion or sympathetic activa-
tion while standing that is relieved by recumbency. Patients
with orthostatic intolerance often present with complaints of
exercise intolerance, lightheadedness, diminished concentra-
tion, tremulousness, nausea and recurrent syncope, and may
be incorrectly labeled as having panic disorder or chronic
anxiety.1 Simple activities such as eating, showering, or low-
intensity exercise may profoundly exacerbate these symp-
toms and may significantly impair even the most rudimentary
activities of daily living. Somewhat paradoxically, the mag-
nitude of these symptoms is often significantly greater than
those observed in patients with obvious clinically detectable
autonomic failure.

Although neurogenic orthostatic hypotension (OH) due to
the autonomic neuropathies, such as those of diabetes and
amyloidosis, and nonneuropathic disorders such as MSA
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(multiple system atrophy; Shy-Drager syndrome) and PAF
(pure autonomic failure; idiopathic orthostatic hypotension)
are better known, these disorders are relatively uncommon.
Most patients with orthostatic intolerance do not have florid
autonomic failure and do not have OH. Improved recogni-
tion of lesser degrees of orthostatic intolerance came with the
observation that the most common and the earliest manifes-
tation of orthostatic intolerance is an excessive tachycardia.2

These subjects have disorders that are sometimes termed
“benign” disorders of reduced orthostatic tolerance. The uni-
fying feature is the development of orthostatic symptoms
without consistent OH. Investigators and clinicians have been
impressed with different aspects of the conditions and have
approached orthostatic intolerance from different perspec-
tives. Terms such as effort syndrome, neurasthenia, idiopathic
hypovolemia,3 sympathotonic orthostatic hypotension, em-
phasizing sympathetic overactivity,4 and mitral valve pro-
lapse syndrome5 exemplify the concentration on particular
components of the patient’s disease. Postural tachycardia ±
syncope can be present in several of the disorders. Some
patients with chronic fatigue syndrome have orthostatic in-
tolerance with tilt-induced syncope, and a subset will respond
to treatment directed at syncope.6

We have focused on orthostatic tachycardia since an ex-
cessive HR increment appears to be the earliest and most
consistent of the easily measured indices of orthostatic in-
tolerance.7 Most of the other terms focus on manifestations
that are not consistently present. The term idiopathic hypo-
volemia is unsatisfactory, since most patients do not have
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TABLE 1

Orthostatic Symptoms as Frequency (%) in Patients with POTS

Frequency %

Orthostatic symptoms
Light headed or dizziness 118 78
Palpitations 114 75
Presyncope 92 61
Exacerbation by heat 81 53
Exacerbation by exercise 81 53
Sense of weakness 76 50
Tremulousness 57 38
Shortness of breath 42 28
Chest pain 37 24
Exacerbation by meals 36 24
Exacerbation associated with menses 22 15
Hyperhidrosis 14 9
Loss of sweating 8 5

Nonorthostatic symptoms
Nausea 59 39
Bloating 36 24
Diarrhea 27 18
Constipation 23 15
Abdominal pain 23 15
Bladder symptoms 14 9
Vomiting 13 9
Pupillary symptoms (glare) 5 3

Diffuse associated symptoms
Fatigue 73 48
Sleep disturbance 48 32
Migraine headache 42 28
Myofascial pain 24 16
Neuropathic type pain 3 2

(From Thieben MJ, Sandroni P, Sletten DM, Benrud-Larson LM, Fealey RD,
Vernino S, Lennon VA, Shen WK, Low PA. Postural Orthostatic Tachycardia
Syndrome: The Mayo Clinic Experience. Mayo Clinic Proceedings 82:308-
313, 2007. Modified with permission.)

reduced plasma volumes or red cell mass. Current thinking
is that the occurrence of mitral valve prolapse with POTS
is fortuitous. The emphasis on postural tachycardia does,
however, have a disadvantage in that it ignores nonortho-
static symptoms such as paroxysmal episodes of autonomic
dysfunction, including sinus tachycardia, BP fluctuations,
vasomotor (especially acral) symptoms, and fatigue.

The prevalence of POTS is unknown. In clinical prac-
tice, it is probably about 5–10 times as common as ortho-
static hypotension. One estimate is the prevalence is at least
170/100,000.8 This is based on the investigators’ documen-
tation that 40% of patients with chronic fatigue syndrome
have POTS.

Clinical Features

The age of presentation is most commonly between 15
and 50 years.9,10 Most patients that we have evaluated have
had the symptoms for about one year. The orthostatic symp-
toms consist of symptoms of reduced cerebral perfusion cou-
pled with those of sympathetic activation. The most common
symptoms are lightheadedness, palpitations, symptoms of
presyncope, tremulousness, and weakness or heaviness (es-
pecially of the legs). These symptoms are commonly exacer-
bated by heat and exercise (Table 1). Other common symp-
toms are shortness of breath and chest pain.11 The symptoms
these patients experience differ from those of patients with
orthostatic hypotension in that there are significant symptoms
of sympathetic activation.12 There may be an overrepresenta-

tion of migraine, sleep disorders, and fatigue, and fibromyal-
gia is sometimes associated.1 There is a clear overrepresen-
tation of women.11 We have found a consistent female:male
ratio of 5:1.

Early studies suggested that approximately one-half of pa-
tients have an antecedent presumed viral illness,1,13 although
recent experience suggests that this is less common. Another
feature of POTS is the cyclical nature of the symptoms. Some
females will have marked deterioration of their symptoms at
certain stages of their menstrual cycle associated with signif-
icant weight and fluid changes. Typically, these patients have
large fluctuations in their weights, sometimes up to 5 pounds.
Others have cycles of several days of intense orthostatic in-
tolerance followed by a similar period when their symptoms
are less. Some patients have episodic symptoms at rest as-
sociated with changes in BP and HR that are unrelated to
arrhythmias. The HR alterations are typically a sinus tachy-
cardia, although a bradycardia can occur.14 Fatigue can be a
problem during these episodes. Some describe periods when
they have trouble retaining fluid, in spite of heavy intake.
Studies of fluid balance and antidiuretic hormone levels are
not well documented. Orthostatic intolerance with low BP re-
quiring repeat visits to the emergency room for intravenous
saline infusions is uncommon but by no means rare.

Fatigue is commonly present.11 Patients complain of poor
exercise tolerance with physiological features including re-
duced stroke volume and reflex tachycardia typical of sub-
jects who are deconditioned, such as in persons who have had
prolonged bed rest.15 Coupled with the poor exercise toler-
ance, an excessively long recovery cycle following exercise
is often described. Additionally, patients typically note that
they have low energy, even at rest. The sense of fatigue will
sometimes occur in cycles and may last days or even weeks
and then lift.

Clinical examination reveals an excessive HR increment.
Pulse pressure may be excessively reduced and there is
marked beat–to-beat variability of both pulse pressure and
HR. One clinical correlate is the difficulty in palpating a ra-
dial pulse with continued standing or with the performance
of a Valsalva maneuver (Flack sign). Another clinical sign is
the development of acral coldness. With continued standing,
there may be venous prominence resulting in a blueness and
even swelling of the feet.7

Evaluation of Suspected POTS

All patients need a detailed history to document the
severity of orthostatic intolerance, its modifying factors
and influence on activities of daily living. It is helpful to
grade the severity of orthostatic intolerance, based on symp-
toms, standing time, and effect on activities of daily living
(Table 2). A full autonomic system review should document
autonomic systems involved and whether there are symptoms
to suggest an autonomic neuropathy. Commonly associated
disturbances such as fatigue, sleep disturbance, and migraine
should be documented.

HUT and Evaluation of Adrenergic Function

The evaluation of POTS is summarized in Table 3. Cardio-
vascular responses to HUT should be done with continuous
recordings of BP and HR for a minimum of 10 minutes. The
HR response in POTS varies from 120–170 bpm on HUT,
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TABLE 2

The Grading of Orthostatic Intolerance

Grade
Normal orthostatic tolerance

Grade I
1. Orthostatic symptoms are infrequent, or only under conditions of

increased orthostatic stress∗∗
2. Able to stand >15 minutes on most occasions
3. The subject typically has unrestricted activities of daily living

Grade II
1. Orthostatic symptoms are frequent, developing at least once a week

Orthostatic symptoms commonly develop with orthostatic stress
2. Able to stand >5 minutes on most occasions
3. Some limitation in activities of daily living is typical

Grade III
1. Orthostatic symptoms develop on most occasions, and are regularly

unmasked by orthostatic stresses
2. Able to stand >1 minute on most occasions
3. Marked limitation in activities of daily living

Grade IV
1. Orthostatic symptoms are consistently present
2. Able to standing <1 minute on most occasions
3. Patient is seriously incapacitated, being bed- or wheel chair bound

because of orthostatic intolerance
Syncope/presyncope is common if patient attempts to stand

Symptoms may vary with time and state of hydration and circumstances.
∗∗Orthostatic stresses include prolonged standing, a meal, exertion, or heat
stress.

and the patient typically attains these values by 5 minutes.
Orthostatic intolerance is present when HUT results in a HR
increment ≥30 bpm and associated with symptoms of or-
thostatic intolerance in patients ≥18 years. Sometimes the
term mild orthostatic intolerance is used for patients who
fulfill these criteria but remain <120 bpm. A fall in BP be-
yond 10 minutes (delayed orthostatic hypotension) occurs in
about 40% of subjects and is associated with normal or near-
normal adrenergic function.16 The HR response may oscillate
excessively. The BP responses occur in several patterns. Pa-
tients with hypovolemia or excessive venous pooling may
have an excessive reduction in pulse pressure. Some have a
hypertensive SBP response (hyperadrenergic POTS (Fig. 1).
Some patients have prominent fluctuations with increases in
diastolic BP by up to 50 mmHg, with large fluctuations.

Plasma catecholamines should be measured supine and
after standing for 15 minutes. The primary interest is in
norepinephrine. In about half the patients standing, nore-
pinephrine exceeds 600 pg/mL, considered a hyperadrenergic
response.11,14 A 24-hour urine sodium is a simple and help-
ful test that provides documentation that the patient is taking

TABLE 3

Evaluation of Suspected POTS

Routine Evaluation of POTS
1. HUT
2. Plasma catecholamines, supine, and standing
3. 24-hour urinary sodium
4. ECG

Additional Tests
1. Autonomic reflex screen
2. Thermoregulatory sweat test
3. Ganglionic antibody
4. Exercise testing
5. Cardiac echo and Holter monitor

sufficient fluids and sodium. The goal is a volume of 1,500–
2,500 mL and sodium excretion of 170 mmol/24 hours.
The latter indicates that the patient is taking adequate sodium
and likely has a normal plasma volume.17

The beat-to-beat BP and HR responses to the Valsalva ma-
neuver are abnormal in about half the patients.12,13 The pulse
pressure falls by more than 50% and may be obliterated. The
Valsalva maneuver provides an estimate of both the vagal
and adrenergic components of baroreflex sensitivity (BRS).
By relating the fall in BP during phase II_E to heart pe-
riod, vagal BRS (BRS_v) can be calculated.18-20 Baroreflex
unloading results in the adrenergic component of the barore-
flex with a rise in total peripheral resistance, manifested in
the VM as II_L, and phase IV. Since the duration of expi-
ratory pressure is short (10–15 seconds), II_L is not always
generated and is often absent in normal subjects older than
60 years of age. Hence, this is an unreliable index of adren-
ergic baroreflex sensitivity (BRS_a). Phase IV is a better
index but is subject to much variability. The most reliable
index is BP recovery time (PRT), defined as time from phase
III to return to baseline (in seconds).20 BRS_a can be better
quantified by relating BRS_a to the preceding fall in BP.18,19

Some Varieties of POTS

A number of types of POTS have been described. The fol-
lowing is an abbreviated description from a large review.10

Neuropathic POTS

A number of phenotypes have been described. Three phe-
notypes (Table 4) are sufficiently well described. About half
of patients with POTS have a restricted autonomic neuropa-
thy with a length-dependent distribution of neuropathy.11,13

The term length-dependent neuropathy refers to one where
the ends of the longer fibers are affected before the shorter
ones. Distal postganglionic sudomotor denervation can be
demonstrated with the quantitative sudomotor axon reflex
test (QSART)21 or the thermoregulatory sweat test.22 These
tests demonstrate sudomotor denervation to the foot and toes.
Adrenergic impairment to the lower extremity can be seen in
neuropathic POTS demonstrable as impaired norepinephrine
spillover in the leg while the arm response remains normal.23

In the clinical laboratory, we have used a practical index
of adrenergic denervation. When BP recovery time (PRT)
≥6 seconds in the age group of POTS, adrenergic denerva-
tion is likely.20 Support for the notion of neuropathic POTS
comes also from the 1 in 7 patients who have low titer of A3
acetylcholine receptor antibodies,11 a finding that suggests
an autoimmune attach of autonomic nerves.

Hyperadrenergic POTS

One subset of POTS is characterized by an excessive
increase of plasma norepinephrine and a rise of BP on stand-
ing.14,24 Hyperadrenergic POTS is defined as POTS asso-
ciated with a systolic BP increment ≥10 mmHg during
10 minutes of HUT, and an orthostatic plasma norepinephrine
≥600 pg/mL (Fig. 1). These patients have similar HR in-
crement to nonhyperadrenergic POTS, but tend to have
prominent symptoms of sympathetic activation,24 such as
palpitations, anxiety, tachycardia, and tremulousness. These
patients have a larger fall in BP following ganglionic
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Figure 1. Examples of blood pressure
(BP) and heart rate recordings from a
normal subject (top panel), a patient with
neuropathic POTS (middle panel), and a
patient with hyperadrenergic POTS (bot-
tom panel). Note the modest reduction in
BP in neuropathic POTS. Hyperadrener-
gic POTS is associated with prominent
BP oscillations, an orthostatic increment
in systolic BP, and a prominent nore-
pinephrine response to head-up tilt.

blockade with trimethaphan, and higher upright plasma
norepinephrine levels than did nonhyperadrenergic POTS
patients,24 presumably indicating a major role of orthostatic
sympathetic activation. Elevation of plasma norepinephrine
≥600 pg/mL) was documented in 29.0% of patients tested in
a recent study.11

POTS with Deconditioning

POTS patients have poor exercise tolerance, and decon-
ditioning is often present, especially in patients with promi-
nent fatigue and fibromyalgia type symptoms. In an attempt
to segregate psychologic and exercise contributions, a study
was designed to separate the roles of venous pooling and

TABLE 4

Some Distinguishing Features of Common Types of POTS

POTS Category HR on HUT BP on HUT Plasma NE QSART/TST Ganglionic Antibody

Neuropathic ↑↑ Mild ↓ N Distal anhidrosis Sometimes positive in low titers
Hyperadrenergic ↑↑↑ BP↑ >600 pg/mL Normal Absent
Deconditioned ↑ PP ↓ N or ↑ Normal Absent

HUT = head-up tilt; PP = pulse pressure; QSART = quantitative sudomotor axon-reflex test; TST = thermoregulatory sweat test.

anxiety. During LBNP, the tachycardia in POTS patients was
markedly blunted during LBNP with mast trouser inflation
to 5 mmHg to prevent venous pooling, and there was no HR
increase during vacuum application without LBNP in either
group. HR responses during mental stress were not different
in the patients and controls (18 ± 2 vs 19 ± 1 bpm; P >
0.6). Anxiety, somatic vigilance, and catastrophic cognitions
were significantly higher in the patients (P < 0.05), but not
related to the HR responses during LBNP or mental stress
(P > 0.1). We concluded that although anxiety is commonly
present in POTS, the HR response to orthostatic stress in
POTS patients is not caused by anxiety, but is a physiolog-
ical response that maintains arterial pressure during venous
pooling. Masuki et al.15 studied 13 patients with mild POTS
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and 10 matched controls. Exercise was associated with a
greater elevation in HR in POTS patients, especially while
upright, was secondary to reduced stroke volume, and was
associated with poor exercise tolerance. It was demonstrated
that the tachycardia during exercise was due to a compen-
satory response to low stroke volume and not due to altered
baroreflex function during exercise.15 Both the LBNP and
exercise findings seem remarkably similar to models of pure
deconditioning and bed rest. These findings in combination
with the “somatic hypervigilance” noted above raise the pos-
sibility that in at least some POTS patients there was an initial
event or illness that evoked orthostatic symptoms and that the
symptoms were then “over-interpreted” and followed by re-
duced physical activity and deconditioning. In the context,
the residual symptoms in POTS may have a strong decondi-
tioning component in at least some patients.

Management

It is important to adopt a systematic, mechanism-based
and practical approach.1,3,4,10,11,25

Step 1: Based on a detailed history, examination, and a
general medical evaluation including EKG, it should be pos-
sible to decide if further evaluation is warranted. The degree
of orthostatic intolerance should be graded (Table 2). The pa-
tient with POTS (standing HR >120 bpm, consistent ortho-
static symptoms, significant impairment in ability to perform
activities of daily living), that is, grades 3 or 4 by symptoms,
should be further evaluated and treated. Many of the patients
with mild orthostatic intolerance have a recognizable mech-
anism, and may not need detailed evaluation. Such a patient
might be an individual with constitutional orthostatic intol-
erance, or deconditioning (patients confined to bed for more
than a few days; debilitating illness), or hypovolemia.

Step 2: Once a decision to evaluate the patient is made,
the study should comprise a cardiologic and autonomic lab-
oratory evaluation. The cardiologic evaluation will usually
comprise a cardiologic interview and examination, EKG,
chest X-ray, and a 24-hour Holter monitor. A 24-hour Holter
monitoring is useful to determine the mean heart rate, heart
rate fluctuation according to activities, limited P-wave mor-
phology from 3-standard leads, and correlation of symptoms
to rate and rhythm. Additional heart rate assessment could
be considered on an elective basis, including an ambulatory
event loop recorder to correlation heart rate to symptoms and
treadmill exercise test to assess heart rate response to activity.

A diagnostic electrophysiologic study is usually not in-
dicated unless the etiology or mechanism of the docu-
mented tachycardia is uncertain or when other supraventric-
ular tachyarrhythmias are suspected.26,27 During the study,
programmed stimulation is performed to exclude sinus node
reentry tachycardia, atrioventricular nodal reentrant tachy-
cardia, atrioventricular reentrant tachycardia, ectopic atrial
tachycardia, and atrial flutter or atrial fibrillation. Electro-
cardiographic and electrophysiological features for atrioven-
tricular nodal tachycardia, atrioventricular tachycardia, atrial
flutter and atrial fibrillation, distinguishable quite readily
from sinus tachycardia, will not be discussed here. Differ-
entiation of sinus tachycardia, sinus node reentrant tachycar-
dia, and ectopic atrial tachycardia originating near the sinus
node can be challenging. Several key features obtained during
electrophysiologic study suggest the diagnosis of tachycardia
from the sinus origin.

• A gradual increase (warm-up) and decrease (cool-down)
in heart rate spontaneously or during initiation and ter-
mination of isoproterenol infusion are consistent with an
automatic mechanism of sinus node function.

• The surface P-wave morphology is similar to that observed
during sinus rhythm.

• During mapping, the earliest endocardial activation is near
the area of sinus node along the crista terminalis estimated
from biplane fluoroscopic images, intracardiac ultrasonog-
raphy, or advanced 3-D electroanatomic techniques. Atrial
depolarization sequence is usually cranial-caudal along the
crista terminalis. During rate changes, the site of earliest
activation shifts up to the crista terminalis at a faster rate
and down from the crista terminalis at a slower rate.

Step 3: The neurologic evaluation comprises a neurologic
history, examination, and tests21 seeking evidence for an au-
tonomic neuropathy. The autonomic laboratory evaluation
follows and comprises a modified autonomic reflex screen
and thermoregulatory sweat test, plasma catecholamines, and
a 24-hour urinary sodium estimation (Table 3).

The cardiologic and autonomic evaluations are synthe-
sized and treatment is planned. POTS is best considered a
syndrome of orthostatic intolerance rather than a disease sui
generis. It is reasonable to document the presence and sever-
ity of POTS, seek evidence of associated autonomic neu-
ropathy, deconditioning or history of vasovagal syndrome.
All patients are required to be educated on the pathophysi-
ology of POTS, aggravating and ameliorating factors, so as
to better handle the condition. All patients need to learn to
maintain a high salt and high fluid intake. Some fine-tuning
is helpful depending on pathophysiology. They need to rec-
ognize orthostatic stresses and how to avoid or minimize
them. They need to be educated on measures that improve
orthostatic tolerance. Three measures are often beneficial.
The first is physical countermaneuvers. Patients are taught to
contract muscles below the waist, typically for about 30 sec-
onds, and the measure could be repeated.28,29 This method
reduces venous capacity and increases total peripheral resis-
tance. A second approach is to wear an abdominal binder.
This reduces splanchnic-mesenteric venous capacity and is
especially helpful in patients with poor venomotor tone or are
hypovolemic.30,31 The third maneuver is water bolus therapy.
The subject drinks two 8-ounce glasses of water sequentially.
This results in a sympathetically-mediated pressor response
that is sustained for 1–2 hours.32-35 Certain categories of
POTS might additionally benefit from modifications of ther-
apy based on pathophysiology (Table 5). There is significant
overlap in management tools, and Table 5 is provided merely
as a guide to emphasize main mechanisms and major em-
phases of management.

The Hypovolemic Patient

The hypovolemic patient will do well with expanding
plasma volume with generous salt intake and fludrocorti-
sone. The salt intake should be between 150–250 mEq of
sodium (10–20 g of salt). Some patients are intensely sen-
sitive to salt intake and can fine-tune their plasma volume
and BP control with salt intake alone. Foods with a high salt
content include fast foods like hamburgers, hotdogs, chicken
pieces, fries, and fish fries. Canned soups, chili, ham, ba-
con, sausage, additives like soya sauce, and commercially
processed canned products also have a high sodium content.
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TABLE 5

Approach to Treatment of Common Types of POTS

Volume PCM and
POTS Category Expansion Compression Vasoconstrictors Exercise Usual Main Approach

Neuropathic ++ ++ +++ + Low-dose midodrine, with some
volume expansion and compression

Hyperadrenergic ++ ++ + + Volume expansion and reduce
sympathetic action
(central/peripheral)

Deconditioned/ hypovolemic +++ +++ ++ +++ Sustained exercise program in
deconditioned patient; volume
expand

+, ++, +++: slightly, moderately, very important.

The patient should have at least 1 glass or cup of fluids with
their meals and at least 2 at other times each day to obtain
2–2.5 L/day. Fludrocortisone, with doses up to 0.4 mg in
young subjects, can be used initially, with the dose adjusted
downwards to a maintenance dose of 0.1 to 0.2 mg/day.

Neuropathic POTS

The patient with peripheral adrenergic failure, manifested
as a loss of late phase II or occasional or delayed OH, is best
treated with fludrocortisone and an α-agonist. Midodrine ap-
pears to work best in terms of absorption, predictable du-
ration of action, and lack of CNS side effects. The dose of
midodrine is usually 5 mg 3 times a day. Some patients do
better when midodrine is combined with pyridostigmine at
the dose of 60 mg 3 times a day. Alternative agents such as
ephedrine, phenylpropanolamine, and methylphenidate are
largely of historical interest.

Hyperadrenergic POTS

These patients respond to orthostatic and other stresses
with an exaggerated pressor and sometimes tachycardic re-
sponse. It is important to minimize the orthostatic reduction
in venous return and pulse pressure. To this end, volume ex-
pansion and wearing an abdominal binder are helpful. The
latter reduces venous capacitance. Some patients are also
helped by physical countermaneuvers, where the subject con-
tracts dependent muscles. Some patients seem to be helped
by propranolol (e.g., Inderal), a non-β-selective lipophilic
agent at a dose of 10 mg/ day. Presumably, a significant part
of its benefit is because of a central effect since it seems
to work better than the β-selective lipophilic agent such as
atenolol. A paticularly difficult subset of patients has un-
stable hypertensive responses to tilt. Some of these patients
have BP responses up to 250/150 mmHg on standing. Some
of these patients with autonomic instability respond to oral
phenobarbital beginning with 60 mg at night and 15 mg
q AM. An alternative treatment is clonidine or another α2
agonist. Clonidine is administered in a dose of 0.1 mg bid
and increasing to the maximally tolerated doses. Reports of
response to microvascular decompression of the brain-stem
have been reported, but its role is as yet undefined.

Deconditioned POTS

The concept that at least some of the chronic symptoms in
POTS are due in part to secondary deconditioning raises the
possibility that a “life-hardening” exercise training program

might have utility in this condition. This approach has been
used in a number of studies of fibromyalgia patients and been
successful in reducing disability, and clearly warrants serious
consideration in POTS.36 A recent well-done study in POTS
supports this approach.37 An exercise program, provided it
is sustained and adequate for several months, can be very
helpful.37 Based on the small study noted above, the phys-
iological data, and anecdotal reports, larger clinical trial of
exercise training in POTS may be warranted.

Conclusions

POTS is common and is heterogeneous in presentation
and pathophysiologic mechanisms. Common mechanisms
are denervation (neuropathic POTS), hyperadrenergic state,
and deconditioning. Management always involves expansion
of plasma volume with high salt and high fluid intake. Ad-
ditional steps include compression garments. Medications
that are commonly used include beta blockers, midodrine,
and fludrocortisones. Exercise training and reconditioning is
emerging as a very important strategy in the deconditioned
subject.
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