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T
ransient episodes of auto-
nomically-mediated hypo-
tension and bradycardia
have become a well recog-
nized cause of recurrent
syncope and near synco-

pe1. The emergence of tilt table testing as
a reliable method for provoking these
periods of autonomic decompensation
not only provided a useful diagnostic tool
but has also allowed for a much better
understanding of the pathophysiology of
these disorders. In the course of these
investigations, it became apparent that
these episodic alterations in autonomic
tone could result in varying degrees of
systemic hypotension that, while not suf-
ficiently large enough to cause complete
loss of consciousness, were nevertheless
great enough to cause symptoms such as
near-syncope, lightheadedness, vertigo,
and transient ischemic attacks. At the
same time, we and other groups identifi-
ed a large subgroup of patients who have
a less severe form of orthostatic intole-
rance that is characterized by postural ta-
chycardia, exercise intolerance, disabling
fatigue, lightheadedness, dizziness, and
blurred vision2. Detailed investigations of
these patients have revealed that the hi-
stories, physical findings, and responses
to postural change and head –up tilt were
all essentially similar. This disorder has
become generally known as the Postural 

Orthostatic Tachycardia Syndrome. The
present paper will review the clinical cha-
racteristics of these patients, their re-
sponses during head upright tilt table
testing, and the various therapies that
appear to benefit these patients.

Physiological Aspects

A full description of all the physiologic
changes that occur in response to upright
posture exceeds the scope of this review.
However, briefly, approximately 25% of
the body’s blood is in the thorax while su-
pine.1 Almost immediately after assum-
ing upright posture, gravity causes a down-
ward displacement of about 500 ml of
blood to the lower extremities and infe-
rior mesenteric area. One-half of the a-
mount is redistributed within seconds
after standing and up to 25% of the total
blood volume may be involved in the pro-
cess. This causes a decrease in venous
return to heart and stroke volume may
fall by 40%. In the normal subject, or-
thostatic stabilization after standing is
achieved in 1 min or less. Immediately
after standing there is a slow progressive
decline in arterial pressure and cardiac
filling, which results in an activation of
the high-pressure receptors of the aortic
arch and the carotid sinus (as well as low-
pressure cardiac and pulmonary recep-
tors). The cardiac mechanoreceptors are
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joined by unmyelinated vagal effects from both the
atria and ventricles. These cause continuous
inhibitory actions on the cardiovascular areas of the
brain stem (especially the nucleus tractus solitarii)3.
The reduced venous return caused by upright po-
sture produces less stretch on these receptors, de-
creasing their discharge rates. This alteration in
input to the medulla results in an increase in sym-
pathetic outflow and there is an increase in systemic
vasoconstriction. Simultaneously, the decline in
arterial pressure while upright activates the high-
pressure receptors in the carotid sinus, which then
increase heart rate. Therefore, steady-state adap-
tation to upright posture causes a 10-15 beats/min
increase in heart rate, an increase in diastolic blood
pressure of approximately 10 mmHg, with little or
no change in systolic blood pressure. More detailed
descriptions of the process are available elsewhere4.
The inability of this complex process to respond
adequately (or in a coordinated fashion) can result
in a failure to respond normally to sudden changes
in posture (and to maintain adequate responses).
Failure in this system may manifest itself as hypo-
tension, which, if severe, may cause cerebral hypo-
perfusion, hypoxia and loss of consciousness.

Historical Aspects and Etiology

Beginning in the nineteenth century, physicians re-
ported patients suffering from a condition characte-
rized by fatigue and poor exercise tolerance that
occurred without an obvious cause (such as prolonged
bed rest). Some of the first reports were from the
American Civil War by DaCosta who used the terms
“irritable heart syndrome” and “soldier’s heart” to de-
scribe the condition5. At the time of the First World
War there were a number of reports of conditions that
were variously labeled as “neurocirculatory asthenia”
or “vasoregulatory asthenia” reflecting the idea that
these conditions were due to a functional cardiac
phenomenon caused by insufficient neural regulation
of peripheral blood flow6. In 1944 MacLean et al re-
ported on a group of patients with orthostatic tachy-
cardia that was associated with only a mild drop in
blood pressure, who complained of palpitations, light-
headedness, weakness, and exercise intolerance7. They
hypothesized that a potential mechanism for these
problems might be a reduction in venous return to the
heart from a disturbance at the capillary venous level. 

In the 1960s, Frolich et al reported two patients
who developed a postural tachycardia (with an in-

crease of more than 40 beats/minute on standing
without hypotension) who experienced extreme
postural anxiety, near syncope, and dizziness8. Each
patient also had an exaggerated heart rate response
to intravenous isoproterenol and both showed sym-
ptomatic improvement on beta-blockers. Much
later, in 1982, Rosen and Cryer used the term Postu-
ral Tachycardia Syndrome to describe a patient who
exhibited a greater than 44 beat/minute increase in
heart rate upon standing (without orthostatic hypo-
tension) associated with complaints of fatigue, exer-
cise intolerance, and palpitations9. Shortly thereafter
Fouad et al described patients with orthostatic in-
tolerance who demonstrated postural tachycardia
and only a slight degree of hypotension, referring to
the condition as “idiopathic hypovolemia”10. Stree-
ten et al then reported on a similar group of patients
who demonstrated orthostatic tachycardia without
hypotension11. By using gamma camera counting of
sodium pertechnetate Tc 99 mm labeled erythro-
cytes over the calf areas of patients while supine and
upright they showed evidence of extensive gravity
dependent venous pooling in the lower extremities.
Somewhat later, Streeten then published a report of
four similar patients who additionally demonstrated
a hypersensitivity to a noradrenalin infusion12. 

Hoeldtke et al have described a total of 13 pa-
tients with near syncope, exercise intolerance, fati-
gue, and cognitive impairment who demonstrated
evidence of postural tachycardia13,14. Low et al and
Schondorf et al have made a comprehensive analysis
of 16 patients who suffered from profound fatigue,
an inability to exercise, near syncope, dizziness, and
bowel hypomotility15,16. Many of these patients had
been labeled as having psychologic problems such as
chronic anxiety or panic attacks. During head up-
right tilt table testing these patients had markedly
abnormal cardiovascular responses, with heart rates
that would frequently climb to as high as 120 to 170
beats per minute often within the first two minutes
of upright tilt. While some of these patients exhi-
bited a mild reduction in blood pressure, most be-
came hypertensive (with up to a 50 mm/Hg increase
in diastolic blood pressure). 

These investigators frequently employed the
term Postural Orthostatic Tachycardia Syndrome
(or POTS) to describe this condition and postulated
that it represented an attenuated form of dysauto-
nomia. Khurana described a group of eight patients
who had virtually identical symptoms and tilt re-
sponses who also had abnormal sudomotor function
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with reduced functional activity of the sweat glands
of the lower extremities (presumably due to impair-
ed innervation)2. Our group reported on 28 patients
who presented with extreme fatigue, lightheaded-
ness, orthostatic tachycardia, exercise intolerance,
cognitive impairment, and near syncope2. During
upright tilt table testing each patient demonstrated
an increase in heart rate of at least 30 beats/minute
(which in each case exceeded 120 beats/minute) wi-
thin the first 10 minutes of the test. There was a mild
fall in systolic blood pressure of approximately 20
mm/Hg during tilt (although no patient’s pressure
fell below 85-90 mm/Hg). A similar report from Ka-
ras et al17 demonstrated identical findings in a group
of 35 adolescent patients, suggesting that there is a
large age range affected by the disorder.

Investigators quickly noted that in some patients
there was a marked familial predisposition to these
disorders, raising suspicions that there was a possible
genetic basis to them. This suspicion was recently
confirmed by investigators at Vanderbilt, where the
exact genetic basis for this disorder was determined
in one severely affected family18. The defective gene
causes a dysfunction in a norepinephrine transporter
protein, producing excessive serum norepinephrine
levels. Many investigators have postulated that there
are multiple genetic forms of the disorder and more
detailed investigations are currently in progress.

At the same time, a large number of patients re-
port that symptoms appear after a severe viral infe-
ction, suggesting that an immune-mediated mecha-
nism may be involved. This concept was recently con-
firmed by investigators at the Mayo Clinic, who found
that many patients had high serum levels of auto-
antibodies to peripheral acetylcholine receptors19.
The levels of these antibodies seemed to vary with the
severity of the illness. They may be a considerable
degree of overlap between POTS and “inappropria-
te” sinus tachycardia. Support for this concept has
also come from the Mayo Clinic, which reported that
radiofrequency ablation had little effect in these di-
sorders, and sometimes made people worse20.

Definitions

Combining together the inform data from various
investigators, these observations seem to present a
fairly consistent picture of this disorder. While a
number of different terms have been coined to de-
scribe this phenomena, we prefer Postural Orthosta-
tic Tachycardia Syndrome (or POTS) because it is a

fairly descriptive term and easy to remember. These
patients manifest an orthostatic intolerance in that
they develop symptoms while standing that are
relieved by recumbency. POTS patients frequently
present with complaints of fatigue, exercise intole-
rance, lightheadedness, nausea, loss of concentra-
tion and memory, tremulousness, and recurrent near
syncope (and sometimes syncope). These patients
may frequently be misdiagnosed as having panic
attacks or chronic anxiety. Relatively simple activi-
ties such as modest exercise, showering (or someti-
mes even eating), may intensify these symptoms and
profoundly limit even the most basic activities of
daily life. Because severe autonomic failure is not
present, the general physical exam is often unre-
vealing and patients are told that “nothing is wrong.”

Currently we define POTS as the development
of orthostatic symptoms that are associated with at
least a 30 beat/minute increase in heart rate or a
heart rate of ≥120 beats/minute that occurs within
the first ten minutes of standing or upright tilt. With
respect to age range of patients with POTS (10-60
years) this increase in heart rate exceeds the 99th

percentile for control subjects 10-83 years23. We
have tended to focus on heart rate mainly because it
is the earliest, most consistent, and easiest to measu-
re index of orthostatic intolerance. The disadvantage
of focusing on the postural tachycardia is that it does
not take into account the nonorthostatic symptoms
such as the sudden episodes of autonomic decom-
pensation manifested by marked fluctuations in blood
pressure, sinus tachycardia, fatigue, and vasomotor
symptoms that many patients experience.

Clinical Features 

While the etiology of POTS is still unclear, it most
likely represents a heterogenous group of disorders
with similar clinical characteristics21. The largest
group of patients appear to have a mild form of idio-
pathic peripheral autonomic neuropathy (a “partial
dysautonomia”), in which an inability to increase
peripheral vascular resistance during upright posture
results in an excessive compensatory postural tachy-
cardia. Venous pooling appears to be present that
results in a reduction in ventricular preload which in
turn leads to baroreceptor unloading while upright
with a resultant increase in sympathetic outflow15,16.
Some studies have looked at mean sympathetic ner-
ve activity using microneurography in these patients,
as well as heart rate variability indices, and found
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that they exhibit an overall enhancement of nora-
drenergic tone at rest and by a postganglionic sym-
pathetic response to standing (with compensatory
cardiac sympathetic over-activity). Interestingly, ma-
ny of these patients will be noted to develop a bluish
discoloration of the lower extremities on prolonged
standing.

A second group of patients may have a compo-
nent of beta-receptor supersensitivity. Some investi-
gators have used the term hyperadrenergic ortho-
static intolerance to describe this subset. Many of
these patients complain of extreme tremulousness
and anxiety in addition to palpitations and tachy-
cardia while standing. They also demonstrate
exaggerated responses to low dose isoproterenol in-
fusions while supine (it is not uncommon to see
heart rate increases of 30 beats per minute or more
in response to a 1 mg/minute isoproterenol infu-
sion). Serum catecholamine levels are quite high
(serum norepinephrine levels are often >600 ng/ml).
It is unclear whether this supersensitivity is primary
in nature or due to a secondary denervation super-
sensitivity. Indeed, some of these patients appear to
display excessive sympathetic activation in some
distributions almost all the time. This excessively
sympathetic activation is not appropriately atte-
nuated by baroreflex mechanisms18. Indeed, recent
genetic studies alluded to previously have demon-
strated a mutation that results in a deficiency of the
norepinephrine transporter that clears it from the
synaptic cleft. Impairment of synaptic norepine-
phrine clearance could potentially produce a state of
excessive sympathetic activation in response to phy-
siologic stimuli. 

While these patients share a number of chara-
cteristics with those who suffer from the partial
dysautnomia form of POTS, they more often com-
plain of tremor, migraine headache, and cold, sweaty
extremities. Furthermore, detailed studies are pre-
sently under way to better understand the differen-
ces present in these two groups, and whether other
subtypes may also exist. Recent data have suggested
that a third group of patients exists, those with Eh-
lers-Danlos III syndrome (hypermobility syndrome).
These patients demonstrate reduced vascular rea-
ctivity and failure to vasoconstrict during upright po-
sture. 

The term “Secondary POTS” is applied to those
patients with a known autonomic disorder with pre-
served cardiac innervation despite peripheral auto-
nomic denervation. This can be due to diseases such

as diabetes, amyloidosis, Sjogren’s syndrome or lu-
pus. In occasional patients it may be the presenting
sign of more severe disorders such as Pure Autono-
mic Failure or Multiple Systems Atrophy22. 

Diagnosis and Management

Initially the patient gives a detailed history and un-
dergoes physical examination that includes a careful
neurologic examination. Patients should also be eva-
luated for recognizable causes of orthostatic into-
lerance such as anemia, dehydration, or any chronic
debilitating illness. Drugs that the patient may be
taking that could cause or aggravate the problem
(such as vasodilators, tricyclic antidepressants, MAO
inhibitors or alcohol) should be identified. Heart
rate and blood pressure should be measured in the
supine, sitting, and standing positions. If cardiac
causes are suspected, these should be appropriately
evaluated. Sinus tachycardia that is abrupt in onset
and termination unrelated to posture suggests pos-
sible sinus node re-entry and may require electro-
physiologic studies. 

Tilt table testing is often useful as a standardized
measure of response to postural change1.

The treatment of these patients can be some-
what of a challenge, as no single approach is uni-
formly successful. The first step in management of
these patients is to rule out any correctable cause
that might need special treatment. Conditions such
as diabetes, significant weight loss, chronic debi-
litating disease, or prolonged immobilization are
usually self-evident. One should also determine if
any medications the patient may be taking could be
contributing to the problem, (and in some indivi-
duals one must consider whether illicit drug use
could potentially play a role). An extremely impor-
tant part of therapy is educating the patient and his
family as to the nature of the disorder and to avoid
aggravating factors such as extreme heat, dehydra-
tion, and excess alcohol consumption. Next, we try
to increase salt and fluid intake. Patients are encou-
raged to sleep with the head of their beds slightly
elevated. Mild aerobic exercise is strongly encou-
raged, with an eventual goal of performing 20 mi-
nutes of aerobic activity at least three times a week.
Resistance training to build up the lower extremities
can be particularly helpful. Elastic support hose are
useful in some patients. The hose should be waist
high and provide 30 mm/Hg ankle counter-pressure.
Pharmacologic therapy must be tailored to meet the
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needs of each individual patient and those needs will
change over time. Fludrocortisone is useful in many
patients, with the usual dose around 0.2 mg/day.
Midodrine is quite useful, due to its peripheral va-
soconstrictive action, and is usually given in 5-10 mg
doses three times a day. Patients with the b-receptor
hypersensitivity form may respond to either b-block-
ing agents or to clonidine. In patients refractory to
other forms of therapy, erythropoietin may be use-
ful. Some groups have reported that phenobarbital
may be useful in selected patients. We have found
the selective serotonin reuptake inhibitors useful in
many patients, the most effective one being venla-
faxine23. Frequently patients will require a combina-
tion of various therapies to be effective. A compre-
hensive review of potential treatments is beyond the
scope of this review and more in-depth discussions
of therapy can be found elsewhere21.

Conclusions

POTS is a potentially recognizable and treatable
disorder in which patients present with a marked
orthostatic intolerance manifested by postural ta-
chycardia, palpitations, weakness, fatigue, and
exercise intolerance. The importance of this disorder
goes beyond the number of people it affects, as it
may cause substantial disability among young, other-
wise healthy, individuals. During passive upright tilt
these patients demonstrate a heart rate increase of
>30 beats/minute or a peak rate of >120 beats/ mi-
nute within the first ten minutes, reproducing the
patients symptoms. Some patients may exhibit an
exaggerated response to isoproterenol. Therapies
directed at correcting autonomic balance can often
relieve the severity of the symptoms. Greater efforts
will be necessary to better understand this syndrome
and its various subtypes and provide therapies that
will help this group of highly symptomatic patients
return to normal life. Continuing research will help
provide greater insight into this and other autono-
mic disturbances associated with chronic orthostatic
intolerance.

Acknowledgement

The author gratefully acknowledges the continuing
encouragement and support of Barbara Straus,
M.D., as well as the gracious support of The Sheller-
Globe Foundation. This study has been supported in
part by a grant from The Sheller-Globe Foundation.

References
1. Grubb BP: Neurocardiogenic syncope. In Grubb BP, Ol-

shansy B. (eds.): Syncope: Mechanisms and Management.
Armonk, NY, Futura Press, 1998, pp 73-106.

2. Grubb BP, Kosinski D, Boehm, et al: The postural ortho-
static tachycardia syndrome: A neurocardiogenic variant
identified during tilt table testing. PACE 1997; 20(I): 2205-
2212.

3. Benarroch E: The central autonomic network: Functional
organization, dysfunction and perspective. Mayo Clinic Proc
1993; 68: 988-1001.

4. Wieling W, Lieshout J: Maintenance of postural normoten-
sion in humans. In: Low P (ed): Clinical Autonomic Disor-
ders. Boston, MA, Little, Brown, 1993, pp. 69-73.

5. DaCosta JM: An irritable heart. Am J Med Sci 1871; 27:
145-163.

6. Holmgren A, et al: Low physical work capacity in suspected
heart cases due to inadequate adjustment of peripheral
blood flow (vasoregulatory asthenia). Acta Med Scand 1957;
158: 413-415.

7. MacLean AR, Allen EV, Magath TB: Orthostatic tachy-
cardia and orthostatic hypotension: Defect in the return of
venous blood to the heart. Am Heart J 1944; 27: 145-163.

8. Frolich ED, Dustan HP, Page IH: Hyperdynamic beta
adrenergic circulatory state. Arch Intern Med 1966; 117:
614-619.

9. Rosen SG, Cryer PE: Postural tachycardia syndrome. Am J
Med 1982; 72: 847-850.

10. Fouad FM, Tadena-Thome L, Braro EL et al: Idiopathic
hypovolemia. Ann Intern Med 1986; 104: 298-303.

11. Streeten DHP, Anderson GH Jr, Richardson R, et al:
Abnormal orthostatic changes in blood pressure and heart
rate in subjects with intact sympathetic nervous system
function: Evidence for excessive venous pooling. J Lab Clin
Med 1988; 111: 326-335.

12. Streeten DHP: Pathogenesis of hyperadrenergic orthostatic
hypotension: Evidence of disordered venous innervation ex-
clusively in the lower limbs. J Clin Invest 1990; 86: 1582-
1588.

13. Hoeldtke RD, Dworkin GE, Gaspar SR et al: Sympatho-
tonic orthostatic hypotension: A report of four cases. Neu-
rology 1989; 39: 34-40.

14. Holedtke RD, Davis KM: The orthostatic tachycardia syn-
drome: Evaluation of autonomic function and treatment
with octreotide and ergot alkaloids. J. Clin Endocrinol
Metab 1991; 73: 132-139.

15. Schondorf R, Low P: Idiopathic postural orthostatic tachy-
cardia syndrome: An attenuated form of acute pandysauto-
nomia? Neurology 1993; 43: 132-137.

16. Low P, Opfer-Gehrking T, Textor S, et al: Postural tachy-
cardia syndrome. Neurology 1995; 45: 519-525.

17. Karas B, Grubb B, Boehm K, et al: The postural orthostatic
tachycardia syndrome: A potentially treatable cause of
chronic fatigue, exercise intolerance, and cognitive impair-
ment in adolescents. Pacing Clin Electrophysiol 2000; 23:
344-351.

18. Shannon JR, Flattem NL, Jordan J, et al: Orthostatic
intolerance and tachycardia associated with norepine-
phrine-transporter deficiency. N Engl J Med 2000; 342:
541-549.

19. Vernino S, Low P, Fealey R, et al: Auto-antibodies to
ganglionic acetylcholine receptors in auto-immune

Postural Orthostatic Tachycardia Syndrome

(Hellenic Journal of Cardiology) HJC ñ 51



autonomic neuropathies. N Engl J Med 2000; 343: 847-
855.

20. Shen WK, Low P, Tahangir A, et al: Is sinus node mo-
dification appropriate for inappropriate sinus tachy-
cardia with features of postural orthostatic tachycar-
dia syndrome? Pacing Clin Electrophysiol 2001; 24: 217-
230.

21. Grubb BP, Kanjwal MY, Kosinski DJ: The postural ortho-
static tachycardia syndrome: Current concepts in pathophy-

siology, diagnosis and management. J Intervent Cardiac
Electrophysiol 2001; 5: 9-16.

22. Grubb BP: Dysautonomic syncope. In: Grubb BP, Olshan-
sky B (eds) Syncope: Mechanisms and Management. Ar-
monk, NY, Futura Publishing Co. 1998, pp.107-126.

23. Grubb BP, Karas BJ: The potential role of serotonin in the
pathogenesis of neurocardiogenic syncope and related
autonomic disturbances. J Intervent Cardiac Electrophysiol
1998; 2: 325-332.

B. Grubb

52 ñ HJC (Hellenic Journal of Cardiology)


