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The Irritable Heart

A 30-year-old woman was referred for evaluation of chest
pain, palpitations, and exercise intolerance. She had been

previously healthy, active, and physically fit. Five months prior
to our evaluation, she had an elective C5–C6 cervical spine dis-
cectomy with interbody allograft fusion for a chronic neck
injury that occurred 11 years ago during gymnastics. Two
weeks after spine surgery, the patient developed numbness and
tingling of her left thumb and palm that occurred with exer-
tion or exposure to cold and subsided with rest. These episodes
increased in frequency and intensity and after 1 week became
associated with sharp, occasionally stabbing chest pain that
radiated to the left arm. On one occasion, the patient had an
episode of exertional chest pain with prolonged left arm cyano-
sis. Emergent left upper extremity angiography revealed normal
great vessel anatomy with spasm of the radial artery and col-
lateral ulnar flow. The patient was diagnosed with Raynaud’s
phenomenon and was started on nifedipine. A subsequent
rheumatologic evaluation was unrevealing, and the patient
was empirically switched to amlodipine with no improvement
in symptoms.

This otherwise very healthy 30-year-old developed a multi-
tude of symptoms. The patient’s chest pain is atypical and in a
young woman is unlikely to signify atherosclerotic coronary dis-
ease, but it should not be entirely disregarded. Vasospasm trig-
gered by exposure to cold does raise suspicion for Raynaud’s
phenomenon, which is not uncommon in this demographic.
However, this presentation is quite unusual because the vaso-
spasm was limited to one vascular distribution of one extremity.
Associated coronary vasospasm could explain the other symp-
toms, although coronary spasm is generally not associated with
Raynaud’s phenomenon. Vasculitis may also affect the pulmo-
nary vasculature, leading to pulmonary hypertension and exer-
cise intolerance. The temporal association with her spine
surgery is intriguing but of unclear significance.

The patient continued to have frequent exertional episodes
of sharp precordial chest pain radiating to her left arm that
were accompanied by dyspnea and left upper extremity symp-
toms despite amlodipine therapy. These now occurred with lim-
ited activity when she walked 1 to 2 blocks uphill. Over the
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The approach to clinical conundrums by an expert clinician is revealed through presentation of an actual

patient’s case in an approach typical of morning report. Similar to patient care, sequential pieces of information

are provided to the clinician who is unfamiliar with the case. The focus is on the thought processes of both the

clinical team caring for the patient and the discussant.



previous 2 months, she had also noticed palpita-
tions occurring reliably with exercise that were
relieved with 15 to 20 min of rest. With pro-
longed episodes, she reported dizziness, nausea,
and blurry vision that improved with lying
down. She twice had syncope with these symp-
toms. She noted lower extremity edema while
taking calcium channel blockers, but this had
resolved after discontinuation of the drugs.

The patient’s past medical history included
several high-school orthopedic injuries. She had
2 kidney stones at ages 18 and 23 and had an
appendectomy at age 28. Her only medication
was an oral contraceptive, and she had discon-
tinued the amlodipine. She denied the use of
tobacco, alcohol, herbal medications, or illicit
substances. There was no family history of sud-
den death or heart disease.

Palpitations in a 30-year-old woman may sig-
nify a cardiac arrhythmia. Paroxysmal supraventri-
cular arrhythmias, such as atrioventricular nodal
reentrant tachycardia, atrial tachycardia, and atrial
fibrillation, are well described in the young. Ven-
tricular tachycardia (VT) is another possible cause
and could be idiopathic or related to occult struc-
tural heart disease. Young patients typically toler-
ate lone arrhythmias quite well, and her failure to
do so raises suspicion for concomitant structural
heart disease. Her palpitations may be from
appropriate sinus tachycardia, which could be
compensatory because of inadequate cardiac out-
put reserve, which in turn could be caused by
valvular disease, congenital heart disease, or ven-
tricular dysfunction. The exertional chest pain is
worrisome for ischemia. Pulmonary hypertension,
severe ventricular hypertrophy, or congenital
anomalies of the coronary circulation could lead to
subendocardial myocardial ischemia with exertion,
resulting in angina, dyspnea, and arrhythmias.
However, the patient also experiences exertional
palpitations without chest pain, which may signify
an exertional tachyarrhythmia possibly mediated
by catecholamines. Based solely on the history, the
differential diagnosis remains broad.

On physical examination, the patient was a
fit, thin, healthy woman. Her blood pressure was
120/70 mm Hg supine in both arms and 115/75
mm Hg standing; her pulse was 85 supine and
110 standing, Oxygen saturation was 100% on
room air. A cardiac exam revealed a normal jug-

ular venous pressure, normal point of maximal
impulse, regular rhythm with occasional ectopy,
normal S1, and physiologically split S2 without
extra heart sounds or murmurs. The right ven-
tricular impulse was faintly palpable at the left
sternal border. Head, neck, chest, abdominal,
musculoskeletal, neurologic, extremity, and pe-
ripheral pulse examinations were normal.

Laboratory data showed a normal complete
blood count and normal chemistries. Serum tests
for hepatitis C antibody, cardiolipin antibody,
rheumatoid factor, cryoglobulins, and anti-nu-
clear antibody were negative. The erythrocyte
sedimentation rate and thyroid stimulating hor-
mone levels were within normal limits. An electro-
cardiogram (ECG) demonstrated a normal sinus
rhythm with frequent premature ventricular com-
plexes (PVCs) and normal axis and intervals.
(Figure 1). The PR segment was normal and with-
out preexcitation. A prior ECG from 3 months ago
was similar with ventricular trigeminy.

Her unremarkable cardiac examination does
not favor structural or valvular heart disease, and
there are no obvious stigmata of vasculitis. She
did become mildly tachycardic upon standing,
and this raises the possibility of orthostatic tachy-
cardia. A comprehensive rheumatologic panel
revealed no evidence of autoimmune disease or
vasculitis, and the clinical constellation is not
consistent with primary or secondary Raynaud’s
disease. The ECG demonstrates frequent mono-
morphic PVCs complexes with a left bundle
branch block pattern and an inferior axis. This
pattern suggests that the PVCs arise from the right
ventricular outflow tract. Idiopathic right ventricu-
lar outflow tract VT and arrhythmogenic right ven-
tricular dysplasia must be considered as a cause
of exertional or catecholamine-mediated tachycar-
dia. The normal ECG argues against arrhythmo-
genic right ventricular dysplasia, in which patients
typically have incomplete or complete right bun-
dle branch block, right precordial T wave abnorm-
alities, and occasionally epsilon waves. Her QT
interval is normal, but excluding long-QT syn-
drome with a single ECG has poor sensitivity. The
next critical step is to document her cardiac
rhythm during symptoms and to exclude malig-
nant arrhythmias.

An event recorder and exercise echocardio-
gram were ordered. While the patient was wear-
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ing her event recorder, she had 4 episodes of
exertional syncope while hiking and successfully
triggered event recording before losing conscious-
ness. She had chest pain and left arm pain after
regaining consciousness. The patient came to the
emergency room for evaluation. Her blood pres-
sure was 116/80 mm Hg supine and 112/70 mm
Hg seated. Her heart rate increased from 82
supine to 132 seated. The physical examination
was unremarkable. ECG showed sinus rhythm
with frequent PVCs. Troponin-I measurements 10
hours apart were 0.7 and 0.3 lg/L (normal < 1.1),
with normal creatinine kinase and creatinine ki-
nase MB fractions. Interrogation of the event re-
corder revealed multiple episodes of a narrow
complex tachycardia with rates up to 180 bpm
that correlated with symptoms (Figure 2). There
were no episodes of wide complex tachycardia.

The patient was not hypotensive in the emer-
gency room, but she had evidence of a marked or-
thostatic tachycardia. The minimal but significant
troponin elevations are also troubling. Although
her clinical picture is not consistent with an acute
coronary syndrome, I am concerned about other
mechanisms of myocardial ischemia or injury,
such as a coronary anomaly or subendocardial is-
chemia from globally reduced myocardial perfu-
sion. The presence of event recorder data from
her syncopal events was fortuitous and revealed a
supraventricular tachycardia. The arrhythmia was FIGURE 2. Single-channel event monitor recording from a triggered episode.

FIGURE 1. Electrocardiogram.
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gradual in onset and resolution and had no trig-
gers, such as premature atrial or ventricular
complexes, which could suggest reentrant arrhyth-
mias. The P wave morphology was also
unchanged, and this argues against an atrial tach-
ycardia. These findings are consistent with sinus
tachycardia, which was notably out of proportion
to her workload. This arrhythmia may be the pri-
mary cause of syncope, such as in inappropriate
sinus tachycardia, or it may be a compensatory
mechanism. Tachycardia from coronary vaso-
spasm is often preceded by ST segment changes,
which are not seen here. Although the event re-
corder had no episodes of VT, the patient’s persis-
tent frequent PVCs are still of concern. I would
obtain an echocardiogram to exclude structural
heart disease and an exercise test to exclude exer-
tional VT. Finally, coronary angiography may be
helpful in excluding congenital anomalies.

The patient was admitted for evaluation. An
exercise treadmill test was performed, and the
patient exercised 20 min on the standard Bruce
protocol with a peak heart rate of 180 bpm. The
test was notable for a premature rise in heart
rate (in stage 1) without a rise in blood pressure.
There were no symptoms or ST/T wave changes.
Transthoracic echocardiogram showed normal
left ventricular size and function with normal
anatomy, valves, and hemodynamics. Coronary

angiography showed a right dominant system
with normal anatomy and no atherosclerotic dis-
ease.

Ventricular arrhythmias could not be elicited
with exercise. Her high exercise tolerance virtually
excluded hemodynamically significant structural
or valvular disease, and this was confirmed by the
echocardiogram. Coronary angiography excluded
coronary anomalies and myocardial bridging. The
most intriguing finding is the rise in the patient’s
heart rate out of proportion to the workload. This,
along with her orthostatic tachycardia, raises the
issue of inappropriate sinus tachycardia or pos-
tural orthostatic tachycardia syndrome (POTS).
Carotid hypersensitivity is also a possibility. The
patient was hiking when she fainted, and even
light pressure on the patient’s neck with head
turning or from a camera strap, for example, could
produce syncope. Although carotid hypersensitiv-
ity usually results in sinus bradycardia and AV
block, it may be followed by reflex tachycardia,
which was seen in this patient’s event recordings.
I would perform a tilt-table test with carotid mas-
sage to make the diagnosis.

Tilt-table testing was performed (Figure 3).
Her supine blood pressure was 128/68 mm Hg,
and her heart rate was 72 bpm with no change
during the 10-min supine period. Upon elevation

FIGURE 3. Results of tilt-table testing. Abbreviations: DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
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to a 70-degree tilt, the patient had an immediate
increase in her heart rate to 160 bpm with a
blood pressure nadir of 109/58 mm Hg and
symptoms of palpitations, dizziness, dyspnea,
chest pain, blurry vision, and nausea. Her peak
heart rate was 172 bpm, and her peak blood
pressure was 122/72 mm Hg. Vital signs did not
change in response to carotid sinus massage in
the supine or upright positions.

The tilt-table test has 3 notable findings. First,
her heart rate increased rapidly with tilt and
decreased rapidly in supine recovery. Second, her
usual symptoms started immediately after tilt and
quickly resolved in recovery when vital signs
returned to baseline. Finally, there was only a
modest drop in blood pressure. These findings are
classic for POTS. POTS is defined as symptomatic
orthostasis with a heart rate increase of 30 bpm or
a heart rate of 120 bpm. The physiologic lesions
found in the syndrome are heterogeneous, but
they all lead to a failure of orthostatic compensa-
tion. In POTS, the tachycardia is a reflex second-
ary to hypotension (baroreceptor reflex) or
reduced preload (cardiac mechanoreceptors), in
contrast to inappropriate sinus tachycardia. Inter-
estingly, blood pressure is usually preserved
until the final moments preceding syncope, when
venous return further declines, tachycardia
decreases the diastolic filling time and stroke vol-
ume, and mean arterial pressure sharply falls.

The patient was started on labetalol (200 mg
3 times daily), and her symptoms worsened. She
also developed nausea and constipation. Mido-
drine and pindolol were also tried without suc-
cess. She was then switched to fludrocortisone,
salt supplementation, and leg support stockings
with dramatic improvement.

COMMENTARY
In 1871, DeCosta1 published a report on ‘‘the irri-
table heart,’’ noting an affliction of extreme fatigue

and exercise intolerance that occurred suddenly
and without obvious cause. Subsequently, the
terms vasoregulatory asthenia and neurocircula-
tory asthenia were used to link cardiovascular
symptoms to impaired regulation of peripheral
blood flow.2,3 The term POTS was first used in
1982 to describe a single patient with postural
tachycardia without hypotension and palpitations,
weakness, abdominal pain, and presyncope.4

POTS is one of several disorders of autonomic
control associated with orthostatic intolerance.
The criteria for diagnosis are listed in Table 1.
POTS typically occurs in women between the ages
of 15 and 50 but tends to present during adoles-

cence or young adulthood. The physiology has
only recently been elucidated. When a person
stands, 500 cc of the total blood volume is dis-
placed to the dependent extremities and inferior
mesenteric vessels.5 Normally, orthostatic stabili-

zation occurs in less than 1 minute via 3 mechan-
isms: baroreceptor input, sympathetic reflex
tachycardia and vasoconstriction, and enhanced
venous return via the pumping action of skeletal
muscles and venoconstriction. In POTS, there is a

failure of at least one of these mechanisms, lead-
ing to decreased venous return, a 40% reduction
in stroke volume, and cerebral hypoperfusion.6

POTS is divided into 2 major subtypes on the
basis of pathophysiology.5,7 The partial dysauto-
nomic form is the most common and the type
that this patient most likely had. In this form, the
development of an acquired peripheral autonomic
neuropathy results in a failure of sympathetic
venoconstriction, which leads to excessive venous
pooling in the lower extremities and splanchnic
circulation.8,9 Failure to mobilize this venous res-
ervoir upon standing leads to excessive orthostatic
tachycardia secondary to a marked reduction in
stroke volume. Peripheral arterial vasoconstriction
is generally preserved, which is why midodrine, an
arterial vasoconstrictor, did not improve symp-
toms. The labetalol may have further exacerbated
peripheral pooling because of its alpha-adrenergic

TABLE 1
Criteria for Postural Orthostatic Tachycardia Syndrome5

1. Consistent symptoms of orthostatic intolerance [may include excessive fatigue, exercise intolerance, recurrent syncope or near syncope, dizziness, nausea, tachycardia,

palpitations, visual disturbances, blurred vision, tunnel vision, tremulousness, weakness (most noticeable in the legs), chest discomfort, shortness of breath, mood swings,

and gastrointestinal complaints]

2. Heart rate increase � 30 bpm or heart rate � 120 bpm within 10 min of standing or head-up tilt

3. Absence of a known cause of autonomic neuropathy
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blocking properties. Because total plasma volume
is decreased and plasma renin activity is inappro-
priately low,10 volume expanders, including salt,
low-dose steroids, and fluids, can attenuate symp-
toms.11 The extrinsic venous compression from
leg and abdominal support stockings may also
dramatically reduce venous pooling.

In the less common hyperadrenergic form of
POTS, patients may have orthostatic hypertension,
tremulousness, cold, sweaty extremities, and anxi-
ety due to an exaggerated response to beta-adre-
nergic stimulation.7 The excessive sympathetic
activity, which is poorly modulated by baroreflex
activity, may be due to impaired mechanisms of
norepinephrine reuptake by sympathetic ganglia.12

Consequently, serum norepinephrine levels are
markedly elevated (>600 pg/mL).5

In adults, the presence of a POTS trigger is
common and is usually an antecedent viral illness.
Antibodies to the ganglionic acetylcholine receptor
have been found in a subset of POTS patients,13

and this may suggest an idiopathic or postinflam-
matory autoimmune mechanism.14 This patient’s
presentation is unique because her symptoms
developed after C5–C6 spine surgery. The cervical
spinal cord and sympathetic ganglia are dense
with nerves involved in autonomic cardiovascular
control, and damage to these fibers could explain
the patient’s physiology and symptoms. Among
these, the descending vasomotor pathways tra-
verse through the C5–C8 area to innervate the
splanchnic and leg venous circulation, receiving
input from the heart along the way.15 The pattern
of numbness and tingling fits the C5/C6 dermato-
mal distribution, as does the innervation of the ra-
dial artery. The frequent PVCs with a left bundle
branch block pattern and inferior axis appear to
arise from the right ventricular outflow tract and
may be associated with regional sympathetic de-
nervation, which has been described in idiopathic
ventricular arrhythmias.16 POTS has been anecdo-
tally reported after neck injury from motor vehicle
accidents (whiplash), which is also thought to be
related to cervical sympathetic nerve damage (B.P.
Grubb, personal communication, 2005). Most
cases of triggered POTS improve spontaneously af-
ter months to years, but this patient’s prognosis
remains uncertain because of the presumed me-
chanical disruption of the autonomic nerve fibers
at the time of surgery.

This case demonstrates the complexities of
arriving at a unifying diagnosis in the setting of a

constellation of nonspecific symptoms and find-
ings, some of which even suggest life-threatening
conditions. Because young women are primarily
affected, symptoms of POTS can be mistakenly
attributed to anxiety or other nonphysiological
factors. A systematic approach excluded life-threat-
ening causes, including primary ventricular
arrhythmias, coronary vasospasm, and coronary
anomalies. The investigations narrowed the differ-
ential diagnosis, and the tilt-table test confirmed
POTS. Because the cardiac and circulatory dysauto-
nomias encompass an array of distinct physiologic
processes, understanding the patient’s mechanism
is critical to her management. The only effective
therapies were those that counteracted venous
pooling and improved venous return.

Teaching Points

1. The differential diagnosis of exertional syncope is

extremely broad, ranging from benign to malig-

nant conditions, and requires a systematic evalua-

tion of the heart and circulatory system.

2. The diagnosis of POTS is elusive and frequently

missed. Referral for tilt-table testing is useful in

identifying the mechanism of sinus tachycardia

and syncope. Marked orthostatic tachycardia and

symptoms of cerebral hypoperfusion out of pro-

portion to the degree of hypotension strongly sug-

gest POTS.

3. Cardiac and circulatory dysautonomias have dis-

tinct and varied mechanisms. Therapies, including

beta-blockers, vasoconstrictors, and volume ex-

panders, must be directed at the underlying physi-

ological defect.
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