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Hyperadrenergic Postural Tachycardia Syndrome in Mast
Cell Activation Disorders

Cyndya Shibao, Carmen Arzubiaga, L. Jackson Roberts II, Satish Raj, Bonnie Black,
Paul Harris, Italo Biaggioni

Abstract—Postural tachycardia syndrome (POTS) is a disabling condition that commonly affects otherwise normal young
females. Because these patients can present with a flushing disorder, we hypothesized that mast cell activation (MCA)
can contribute to its pathogenesis. Here we describe POTS patients with MCA (MCA+POTS), diagnosed by episodes
of flushing and abnormal increases in urine methylhistamine, and compared them to POTS patients with episodic
flushing but normal urine methylhistamine and to normal healthy age-matched female controls. MCA+POTS patients
were characterized by episodes of flushing, shortness of breath, headache, lightheadedness, excessive diuresis, and
gastrointestinal symptoms such as diarrhea, nausea, and vomiting. Triggering events include long-term standing,
exercise, premenstrual cycle, meals, and sexual intercourse. In addition, patients were disabled by orthostatic intolerance
and a characteristic hyperadrenergic response to posture, with orthostatic tachycardia (from 79%4 to 114+6 bpm),
increased systolic blood pressure on standing (from 1175 to 1267 mm Hg versus no change in POTS controls),
increased systolic blood pressure at the end of phase I of the Valsalva maneuver (15712 versus 117+9 in normal
controls and 1197 mm Hg in POTS; P=0.048), and an exaggerated phase IV blood pressure overshoot (5010 versus
1723 mm Hg in normal controls; P<0.05). In conclusion, MCA should be considered in patients with POTS presenting

with flushing. These patients often present with a typical hyperadrenergic response, but S-blockers should be used with
great caution, if at all, and treatment directed against mast cell mediators may be required. (Hypertension. 2005;

45:385-390.)
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Postuml tachycardia syndrome (POTS) is a disabling
condition that commonly affects otherwise normal young
females. This disorder is characterized by symptoms of
fatigue, tachycardia, shortness of breath, and even syncope on
standing. The etiology is not clear, but 2 possibilities have
been proposed previously. In the neuropathic variant, the
primary defect is thought to be a partial autonomic denerva-
tion that compromises lower limbs with exaggerated ortho-
static venous pooling,! and perhaps the kidneys with low
levels of plasma renin activily.2 Patients with the hyperadren-
ergic variant are thought to have centrally driven sympathetic
activation.?

A circulating vasodilator could produce reflex sympathetic
activation, presenting clinically as “hyperadrenergic” POTS.
In our evaluation of patients with POTS, some described
flushing episodes associated with orthostatic intolerance. On
the basis of this observation, also reported by others,*=6 we
hypothesized that activated mast cells may provide a source
of circulating vasodilators in a subset of patients with
hyperadrenergic POTS. If true, histamine and other mast cell
mediators could play an important role in the pathogenesis of
this syndrome.

There is a wide spectrum of disorders associated with mast
cell pathology. Mastocytosis is a common term used to define
abnormal proliferation and accumulation of mast cells in 1 or
more body tissues.” The clinical manifestation is produced by
episodic release of mast cell mediators in response to specific
stimuli® and can follow either an indolent or aggressive
course ranging from circumscribed cutaneous involvement to
life-threatening mast cell leukemia. In 1991, Roberts and
Oates described the clinical syndrome of idiopathic mast cell
aclivation (MCA).® In this condition, there is no evidence of
mast cell proliferation, but patients are disabled by episodic
MCA, documented by accumulation of mediators in plasma
or urine. Patients with this syndrome typically present epi-
sodes or “attacks” of flushing accompanied by palpitations,
lightheadedness, dizziness, shortness of breath, occasional
nausea and diarrhea, headache, and syncope.

Here we describe patients disabled by persistent orthostatic
intolerance and evidence of MCA. These patients often
present with a typical hyperadrenergic variant of POTS and
biochemical evidence of MCA. B-Blockers should be used
with great caution in these patients, if at all, and treatment
directed against mast cell mediators may be required.

Received August 9, 2004; first decision August 25, 2004; revision accepted December 20, 2004.
From the Division of Clinical Pharmacology, Depattment of Medicine and Pharmacology, and the Autonomic Dysfunction Center, Vanderbilt

University School of Medicine, Nashville, Tenn.

Correspondence to Italo Biaggioni, MD, 1500 21st Ave S, Suite 3500, Clinical Trials Center, Vanderbilt University, Nashville, TN 37212. E-mail

Ttalo.biaggioni @ vanderbilt.edu
© 2005 American Heart Association, Inc.

Hypertension is available at http://www.hypertensionaha.org

DOI: 10.1161/01.HYP.0000158259.68614.40

Downloaded from hitp:/hyper.ahajournals.org/ at MulffbLibrary Medical University of Ohio on January 8, 2014



386 Hypertension March 2005

Methods
Subjects

We evaluated 177 subjects referred to the Vanderbilt Autonomic
Dysfunction Clinic for disabling orthostatic intolerance who were
studied as inpatients from January 1995 to January 2004, A patient
was considered to have an MCA disorder and POTS (also known as
orthostatic intolerance) if they met the following criteria. (1) Long-
standing (>6 months) disabling orthostatic intolerance; (2) an
increase in heart rate of =30 bpm within 5 minutes after assuming a
standing position; (3) absence of an underlying cause (debilitating
disease, substantial weight loss, prolonged bed rest, previous hislory
of any disease producing peripheral neuropathy, or any medication
impairing autonomic reflexes; (4) a history of facial or upper trunk
flushing (defined as objective and intense facial redness witnessed by
a physician or caregiver); and (5) urine methylhistamine >230 pg/g
creatinine associated with a flushing episode.® Patients were classi-
fied into 3 separate groups. Eight young female subjects met the
criteria of MCA and POTS (MCA+POTS). An additional 5 patients
were identified as having similar characteristics, with the exception
that they presented with orthostatic hypotension (OH; identified by a
decrease in systolic blood pressure of >20 mm Hg or in diastolic
blood pressure of >10 mm Hg; MCA+OH). We thought it impor-
tant to include a group of 16 patients with a history of POTS with
facial flushing but no evidence of MCA (documented by absence of
increased urine methylhistamine, POTS), This provides a compari-
son group to determine whether the presence of MCA modifies the
clinical presentation of POTS. We also include a fourth control
group of 12 normal, healthy, age-matched females.

Procedures

All subjects were admitted to the Vanderbilt General Clinical
Research Center and were fed a low-monoamine, caffeine-free diet
containing 150 mEq sodium and 70 mEq potassium per day for at
least 3 days before evaluation. Medications affecting the autonomic
nervous system were withheld for at least 3 days before admission,

Autonomic function tests were used to evaluate the integrity of the
different reflex arcs. These included Valsalva maneuver, the cold
pressor and handgrip tests to assess cardiovascular autonomic function,
and the sinus arrhythmia ratio (change in heart rate in response to
controlled breathing) to assess cardiac parasympathetic activity.'® All
tests were standardized previously in our laboratory.!" An orthostatic
test was performed to evaluate hemodynamic and hormonal changes on
standing. An indwelling catheter was placed in an antecubital vein to
obtain blood samples while patients remained supine after an overnight
rest. Subjects were encouraged to stand as fong as possible or up to 30
minutes. During this period, they were allowed to sit at intervals if
presyncopal symptoms developed. Blood samples were obtained for
catecholamines, aldosterone, and renin measurements. Brachial blood
pressure and heart rate were obtained using an automated sphygmoma-
nometer (Dinamap; GE Medical Systems Information Technologies)
during supine and standing test phases.

Plasma catecholamine levels were determined by high-performance
liquid chromatography with electrochemical detection.'> Plasma renin
enzymatic activity was assessed by the conversion of angiotensinogen to
angiotensin T and expressed as nanograms of angiotensin I produced per
millititer of plasma per hour. Plasma aldosterone was measured by
radioimmunoassay.’® Urine samples were obtained in patients with a
history of flushing in the face or upper trunk. Patients were asked to
collect urine for 4 hours immediately after a spontaneous severe {lushing
episode, defined by a subjective intensity of symptoms of “7 to 8” on a
scale of “0” (no symptoms) to “10” (the worst symptoms ever). This
was done during the inpatient or outpatient evaluation. Samples were
obtained within 4 hours affer a spontaneous episode. Methylhistamine
levels were measured by gas chromatography negative ion chemical
jonization mass spectrometry.' In no case was there any abnormality in
hematologic laboratory results consistent with systemic mastocytosis.

To determine the response lo treatment, a research nurse contacted the
patients 3 months after discharge and obtained information about
the medication, the frequency of mast cell episodes with flushing, and
the intensity of orthostatic tachycardia. We were able to obtain infor-

mation on 6 patients with MCA-+POTS and in 3 patients with
MCA-+OH.

Statistical Analysis

Data were analyzed using SPSS version 11 (SPSS). Frequency tables
were generated for categorical variables. Continuous variables are
expressed as mean=SEM. Group comparisons were made using the
nonparametric Kruskal-Wallis test. Post hoc analysis between 2
groups was made using the nonparametric Mann-Whitney test.
Criterion for significance was P<<0.05.

Results

Clinical Characteristics and Autonomic Response
to Posture

Clinical characteristics of patients and controls are presented
in Tables 1 and 2. All patients except 1 were female, and all
were white, non-Hispanic, with an age range between 18 and
50 years. There was no significant difference in age, weight,
and body mass index between groups. Symptoms during
episodes included {lushing, palpitations, lightheadedness with
severe orthostatic intolerance, nausea, diarrhea, abdominal
cramping, and polyuria. Blood pressure increased acutely in
some cases. Patients often exhibited hypersomnia, sleeping
for hours after Lthese episodes,

Hemodynamic and humoral responses to posture are shown in
Figures 1 and 2. As expected by the selection of subjects,
standing heart rate was significantly higher in the MCA-+POTS,
POTS, and MCA-+OH groups compared with normal subjects
(P<0.001). Mean supine diastolic blood pressure was signifi-
cantly different between groups (P=0.005); MCA-+OH patients
had higher values compared with MCA+POTS, POTS, and
normal subjects, Upright systolic blood pressure was signifi-
cantly increased in the MCA-+POTS group compared with
normal subjects (Table 1; Figure 2; P=0.013). We identified 5
patients who presented with orthostatic hypertension, defined by
an increase in systolic blood pressure on standing of
=20 mm Hg. Furthermore, 4 patients presented with episodes of
sudden onset of hypertension and palpitations, There were no
obvious triggering events, and these episodes resolved sponta-
neously. The supine and upright blood pressure obtained from
these patients as well as the blood pressure values during the
hypertensive crisis are presented in supplemental Table I and
supplemental Figure Ia and Ib (available online at
http://www.hypertensionaha.org).

Mean supine plasma norepinephrine levels were significantly
different between groups: MCA+OH was higher than
MCA-+POTS, POTS, and normal subjects (Table 1; Figure 2;
P=0.004). Supine plasma norepinephrine was also significantly
higher in MCA+POTS patients compared with controls
(269+41 and 12922 pg/mL, respectively; P<<0.05; Figure 2)
but not compared with POTS patients. No differences were
observed in supine and upright epinephrine, renin activity, or
aldosterone.

As expected, the methylhistamine levels were different be-
tween patients with MCA+POTS and MCA+OH compared
with POTS controls (P<<0.001). Although not statistically sig-
nificant, patients with MCA-+OH tended to have higher levels
of urinary methylhistamine compared with MCA+POTS pa-
tients (Table 1).
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TABLE 1. Clinical Characteristics of Normal Controls, Patients With POTS, MCA-+POTS,
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and MCA+OH
Normal POTS MCA+PQTS MCA+OH
n=12 n=16 n==8 n=5
Age (years) 31.5+1.4 321+2.8 38.0+29 34447 NS
Weight (kg) 65.8:+4.6 62.1+4.2 66.9x5.5 66.9+7.2 NS
BMI (kg/m? 241+16 22.3+1.4 25.7x2.1 23.3+1.4 NS
Heart rate (bpm)
Supine 68+3 72+3 79+4 74+3 NS
Upright 863 1114 1146 114+8 <0.001*
Blood pressure (mm Hg)
Systolic
Supine 104+3 1125 1175 1175 NS
Upright 1073 112+5 1267 95+6 0.021*
Diastolic
Supine g2+2 65+2 70+3 82+3 0.005*
Upright 662 73+3 805 767 NS
Plasma norepinephrine (pg/mL)
Supine 129422 18821 269+41 34487 0.004*
Upright 405+40 676260 745+83 673+67 0.003*
Plasma epinephrine (pg/mL)
Supine 18+4 33:+8 29+8 375 0.058
Upright 498 7821 59+11 42+4 NS
Plasma renin activity (ng/mL/hour) ‘
Supine 1.0+0.3 1.0+0.2 0.9+0.3 1.0+0.2 NS
Upright 2.2+0.6 2.3+0.5 28+1.0 3107 NS
Plasma Aldosterone (ng/mL/hour)

Supine 11,931 12.7+4.0 72+14 104x2.8 NS
Upright 29.4:+4.9 21.8+5.2 20.0x4.5 41.0:12.3 NS
Methylhistamine (1g/g 163.0+10.8 161.4*102 327.4+248 347.7+349  <0.001*

creatinine)

BMI indicates body mass index.

*p yalues were calculated by nonparametric test Kruskal-Wallis.
+Normal values range from 50~230 pg/g creatinine=2.5 DG of mean normal values.

Characterization of Autonomic Function

Autonomic function tests are presented in Table 3 and Figure
3. No significant differences in systolic blood pressure were
observed between groups at baseline for Valsalva maneuver,
the hyperventilation test, the cold pressor test, and the
handgrip test. There was a difference in systolic blood
pressure during phase If,. of the Valsalva maneuver
(P=0.048; Table 3; Figure 3). The MCA+POTS group had a
significantly higher systolic blood pressure compared with
POTS and normal controls (P=0.023 and P=0.027, respec-
tively). During phase IV of the Valsalva maneuver, we
observed that groups with MCA+POTS and POTS presented
an excessive increase in systolic blood pressure (hypertensive
overshoot) compared with normal controls (Figure 3). The
change in systolic blood pressure between baseline and phase
IV of the Valsalva maneuver was significantly higher in the
MCA+POTS group (5010 mm Hg) compared with the
POTS group (31%5 mm Hg) and controls (1723 mm Hg). In
a post hoc analysis, no differences were found between
patients with MCA+POTS and POTS (P=0.168). The sys-

tolic blood pressure and diastolic blood pressure after 1
minute of the cold pressor test and after 3 minutes of the
handgrip test were different between groups. In MCA+POTS
patients, systolic blood pressure increased 35+12 mm Hg
during the cold pressor test, whereas the response in normal
controls averaged 205 mm Hg,

Triggering of MCA With Exercise

Because patients often referred to episodes of flushing trig-
gered by exercise, we performed treadmill exercise on 3
subjects. Flushing was triggered in these patients, and this
was associated with an increased in urinary methythistamine
(supplemental Figure I). In 1 patient, we documented an
increase in plasma histamine, indicative of mast cell degran-
ulation but not of plasma prostaglandin D, (PGD,), a marker
of newly formed mast cell mediator release (supplemental
Figure II).

Response to Treatment
The response to treatment in patients in whom follow-up was
available is shown in supplemental Table II. Because of the
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TABLE 2. Clinical Manifestation of Patients With POTS and
MCA Disorder

MCA+POTS  MCA+0OH

Orthostatic Symptoms—n (%) n % n %
Flushing 8 100 5 100
Palpitations 8 100 5 100
Lightheadedness 8 100 3 60
Chronic fatigue 7 88 3 60
Headache 5 63 2 40
Dizziness 5 63 4 80
Presyncope/syncope episodes 3 38 1 20
Shortness of breath 3 38 2 40
Confusion 3 38
Increase in blood pressure 3 38
Paresthesias 3 38
Gastrointestinal symptoms (nausea and vomiting) 3 38 4 80
- Abdominal cramps and diarrhea 3 38 3 60
Blurred vision 2 25
Anxlety 2 25 1 20
Excessive diuresis 5 100
Orthostatic intolerance exacerbated by—n (%)
After exercise 5 63 5 100
Prolonged standing 3 38 v1 20
After meals 3 38 1 20
Premenstrual 2 25 1 20
Heat intolerance 2 25 5 100
Emotional stress 1 13 1 20
Sexual intercourse 1 13

small number of patients, we did not attempt to perform a
controlled study, and these observations remain anecdotal.
However, it is noteworthy that patients improved clinically
when treated with H, and H, histamine receptor blockers with
the sympatholytic e-methyldopa, or with a combination of
both. Of note, B-blockers triggered episodes consistent with
acute MCA in 2 patients, and 4 patients had allergic reactions
to aspirin, ranging from bronchoconstriction to anaphylaxis.

SUPINE | UPRIGHT |
140 . —e—normals
120 —a- POTS
== MCA+POTS
A p<0.05

HR [beats/min)
o ;
-] o

3
=3

Time (min)

Figure 1. Dynamic change in heart rate (HR) induced by upright
posture in normal subjects and patients with POTS and
MCA+POTS. There was a significant difference in HR between
both groups of patients and normal controls (P<0.05) already
evident by the first minute of upright posture. There was no dif-
ference in HR response to posture between patient groups.

Discussion

We describe here a novel syndrome characterized by chronic
disabling orthostatic tachycardia associated with episodes of sys-
temic MCA. Tt affects otherwise normal young subjects, typically
women, and causes substantial disability. We found no evidence of
a primary diffuse autonomic neuropathy as the cause of this
syndrome; autonomic reflexes appeared to be intact or overactive.
On the contrary, exaggerated sympathetic activation was suggested
by high plasma norepinephrine levels and increased systolic blood
pressure in the upright posture. We and others have described
patients with orthostatic intolerance, in many ways indistinguishable
from patients presented here, who seem to have partial sympathetic
denervation, preferentially involving lower limbs, the “neuropathic”
POTS.! The clinical criteria that differentiate between the neuro-
pathic and hyperadrenergic forms of this disease are not defined.
We believe that the patients described in this report correspond to
the hyperadrenergic form of POTS because of the exaggerated
sympathetic pressor response during phase I, .. and phase IV of the
Valsalva maneuver and the exaggerated increase in blood pressure
on standing.

Episodes of MCA were documented in these patients by
elevated levels of urinary methylhistamine taken immediately
after a spontaneous event. It should be noted that urinary
methylhistamine is usually normal in between episodes in
patients with MCA disorders,? and patients should be instructed
to collect urine for a 4-hour period immediately after a severe
spontanéous {lushing episode, Urinary histamine is often mea-
sured in the evaluation of flushing, but it is less specific than
methylhistamine and not useful in the diagnosis of MCA. The
symptoms described during these spells are probably induced by
acute release of mast cell mediators such as histamine and
PGD,.1516 Patients with isolated MCA are symptomatic only
during episodes, whereas our group of patients also experienced
chronic fatigue and orthostatic intolerance in between episodes,
eventually leading to a disabling condition.

Hypertension can be a prominent feature in some patients
with MCA and POTS. We observed 2 different clinical presen-
tations of this association. Patients may present with a consistent
hypertensive response to upright posture or with acute hyperten-
sive crisis. During these hypertensive episodes, blood pressure
can increase to as high as 240/140 mm Hg, and the episodes are
similar to the hypertensive variant of MCA disorders described
previously? These events resemble pheochromocytoma inas-
much as they are accompanied by tachycardia, nervousness,
shortness of breath, and hypertension. A similar clinical presen-
tation, known as pseudopheochromocytoma or diencephalic
hypertension, has been described by Page.!” Flushing is promi-
nent in MCA disorders and in pseudopheochromocytoma and is
a useful clinical distinction with pheochromocytoma, which is
accompanied by pallor, Plasma norepinephrine is increased in
both conditions, but levels are much higher in pheochromocy-
toma because catecholamines are released directly into the
circulation, whereas in pseudopheochromocytoma, catechol-
amines are released into the synapse, and only a relatively small
proportion spills over into the circulation.

We also report a group of patients with flushing and orthostatic
intolerance but no evidence of MCA. The cause of flushing in those
patients is not clear. Other entities associated with flushing and
similar clinical characteristics are associated with dopamine release,
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as described by Kuchel.!® Panic attacks can also be associated with
flushing and regional sympathetic activation,' but patients usually
do not experience orthostatic intolerance between altacks.

Mast cells are localized in close proximity to blood vessels and

‘peripheral nerves and are therefore strategically positioned to
TABLE 3. Results of Autonomic Function Tests in Nermal
Controls, and in Patients With POTS and MCA+POTS

Normal POTS MCA+POTS
n=12 n=16 n=8

Mean SEM  Mean SEM  Mean SEM P Value

Autonomic function test

S/A ratio 1401 1.420.1 1.3:+0.1 NS
Valsalva maneuver

Baseline SBP (mm Hg) 1184 12945 133+7 NS
Baseline DBP (mm Hg) 67+3 69+3 703 NS
SBP phase lie (mm Hg) 97%6 1046 112::5 NS
DBP phase lle (mm Hg) 62+4 69:+4 72+3 NS
SBP phase IIL (mmHg)  117+9 11927 15712 0.048
DBP phase IIL (mm Hg) 78+6 72+6 968 NS
SBP phase IV (mm Hg) 1355 160+6 184+13 0.005
DBP phase IV (mm Hg) 78+3 88+4 925 NS
Valsalva ratio 1.6£0.1 1.7+01 1.8+01 NS
Cold pressor test

Baseline SBP (mm Hg) 108+3 1165 1225 NS
Baseline DBP (mm Hg) 6413 723 71+4 NS
1 min SBP {(mm Hg) 128+7 142+5 15714 0.049
1 min DBP (mm Hg) 79+4 914 98+7 0.050
Handgrip

Baseline SBP (mm Hg) 109+3 1144 1175 NS
Baseline DBP (mm Hg) 6342 67+3 74+2 0.040
3 min SBP (mm Hg) 119+3 13246 137+4 0.020
3 min DBP (imm Hg) 70+3 864 87:+5 0.009

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; S/A,
sinus arrhythmia.
P values were calculated by the Kruskal-Wallls test.

modulate sympathetic activity, vascular tone, and angiogenesis.?®
Histamine is a powerful vasodilator that could explain the cutaneous
vasodilatation responsible for flushing. With regard to the patho-
physiology underlying the association between POTS and MCA,
we propose a positive feedback loop by which MCA, with the
subsequent release of vasoactive mediators, may contribute to
vasodilation, reflex sympathetic activation, central volume contrac-
tion, norepinephrine release, and orthostatic intolerance (Figure 4).

A

Resp

BP
mmHg100

HR
bpm

Ll B
! Normal Y

B Phase Il Phase IV
60 o N
EE1POTS
50+ *

POTS+MCA

ASBP, mmHg
2
L

10+

Figure 3. Cardiovascular response to the Valsalva maneuver in
normal controls (NIs), patients with POTS, and patients with
MCA+POTS. A, Comparison of representative tracings of a normal
control and a patient with MCA+POTS showing the exaggerated
increase in blood pressure during phase Il ., and phase IV. Resp
indicates respirations; BP, blood pressure; HR, heart rate. B, Mean
change in systolic blood pressure (ASBP) during late phase Il (li,)
and phase IV of the Valsalva maneuver.
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Figure 4. Proposed pathophysiological mechanisms underlying
the association between MCA and hyperadrenergic orthostatic
intolerance. See Discussion.

Conversely, our results indicate that exercise can lead to MCA,
presumably through symipathetic activation. In this regard, neu-
ropeptide Y (NPY), a 36-aa neuropeptide that is coreleased with
norepinephrine from noradrenergic neurons, has been shown to
induce mast cell degranulation with the release of preformed
mediators in purified rat peritoneal?!?? and human jejunal mast
cells?® and to induce hypotension in animals secondary to MCA in
vivo.2* This appears to be a nonreceptor-mediated effect related to
the presence of positively charged amino acid residues of the C
terminus of NPY. Therefore, the physiological significance of
NPY-mediated MCA remains speculative,

Our findings have potential implications for (he treatment of
these patients. Because of the prominent orthostatic tachycardia,
B-blockers are commonly used in the treatment of POTS patients,
However, these drugs should be used with great caution in these
patients, if at all, because of possible worsening of MCA. In our
experience, a therapeutic trial with e-methyldopa should be consid-
ered, given the evidence of a hyperadrenergic state. Some patients
may require treatment directed at controlling mast cell mediators,
including H, and H, receptor antagonists.

Perspectives

We report a novel syndrome of chronic hyperadrenergic
orthostatic intolerance associated with episodes of MCA.
This syndrome should be considered in POTS patients with a
history of flushing, This symptom is often not volunteered by
patients and may require careful questioning by the physician.
Diagnosis requires biochemical documentation of MCA be-
cause other causes of flushing can be associated with POTS,
A correct diagnosis is important because the presence of
MCA mandates a different approach in the treatment of these
patients. B-Blockers, a commonly used therapeulic option in
POTS patients, should be used with caution, if at all, because
of the risk of triggering MCA. These patients can be treated
with H,/H, histamine antagonist and central sympatholytics,
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such as prolonged bed rest or the use of medications
known to diminish vascular or autonomic tone {1, 2].

In recent years there has been a substantial
improvement of our understanding of POTS.
Although the exact etiology remains elusive, we
know that the syndrome of postural tachycardia is
not a single clinical entity, but rather a heteroge-
neous group of various related clinical syndromes
having a final common presentation of orthostatic in-
tolerance.

The commonest form of POTS, called the neu-
ropathic or partial dysautonomic form, results from
neuropathy preferentially involving the lower ex-
tremities with resultant venous pooling [3-6]. An-
other group of patients suffer from centrally driven
abnormal sympathetic activation. This form of pos-
tural tachycardia syndrome is called hyperadrener-
gic POTS, and comprises about 10% of all POTS
patients. Patients suffering from hyperadrenergic
POTS have been observed to have an orthostatic
plasma norepinephrine level = 600 pg/mL anda rise
of systolic blood pressure (SBP) of = 10 mm Hg upon
standing [1, 2, 6-8]. We present our single center
experience of 27 hyperadrenergic POTS patients.

Methods

This was a retrospective study approved by our
local Institutional Review Board. We reviewed
charts of 300 POTS patients seen at our autonomic
center between 2003 and 2010 and found 27 patients
eligible for inclusion in this study.

Criterion for diagnosis of POTS

Postural orthostatic tachycardia was defined as
symptoms of orthostatic intolerance (of greater than
six months’ duration) accompanied by a HR increase
of at least 30 bpm (or a rate that exceeds 120 bpm)
observed during the first 10 min of upright posture
or head up tilt test (HUTT) occurring in the absence
of other chronic dehilitating disorders [1, 2]. Symp-
toms include fatigue, orthostatic palpitations, exer-
cise intolerance, light-headedness, diminished con-
centration, headache, near-syncope and syncope. In
a retrospective chart review, we collected data in-
cluding demographic information, presenting symp-
toms, laboratory data, tilt-table response, and treat-
ment outcomes.

Criterion for diagnosis of hyperadrenergic
postural tachycardia syndrome

Patients were diagnosed as having the hyper-
adrenergic form based on an increase in their SBP
of =10 mm Hg during the HUTT {2] with concom-

itant tachycardia or their serum catecholamine lev-
els (serum norepinephnrine level = 600 pg/mL)
upon standing [1, 2]. Each patient had been evalu-
ated for the presence of a pheochromocytoma by a
computed tomography scan of the abdomen, as well
as metaiodobenzylguanidine scanning. In no patient
was a pheochromocytoma detected.

HUTT protocol

The protocol used for tilt table testing has
been described elsewhere [1, 7, 9-12], but basi-
cally consisted of a 70-degree haseline upright tilt
for a period of 30 min, during which time HR and
blood pressure were monitored continually. If no
symptoms occurred, the patient was lowered to the
supine position and an intravenous infusion of iso-
proterenol started, with a dose sufficient to raise
the HR to 20-25% above the resting value. Upright
tilt was then repeated for 15 min. Patients were
included in the study if they had a POTS pattern
on HUTT (rise in HR without any change in blood
pressure).

Treatment protocols

The treatment protocols employed were based
on our previous experiences with orthostatic disor-
ders and are described in detail elsewhere [1, 7, 9-
_12]. Briefly, a sequence of therapies was employed
that included physical counter maneuvers and aer-
obic and resistance training, as well as increased di-
etary fluids and sodium. If these were ineffective,
pharmacotherapy was initiated in a sequence gen-
erally consisting of beta-blockers, central sym-
patholytics, fludrocortisone, midodrine, and selec-
tive serotonin reuptake inhibitors, either alone or
in combination. As this was a retrospective chart
review, a formal questionnaire to assess the re-
sponse to treatment or an assessment of response
to treatment by HUTT testing was not employed.
Information about the subjective symptoms and
sense of well-being from each patient was collected
from the patient’s charts, physician communications
and direct patient inquiry. A treatment was conside-
red successful if it provided symptomatic relief.

Statistical analysis

Statistical analysis was done using SPSS15.
The data is observational and is presented as mean =+
+ SD and percentages.

Results

Table 1 summarizes the clinical features, co-
morbid conditions, precipitating events and symp-

2 www. cardiologyjournal.org



Table 1. Clinical features of patients with hyper-
adrenergic postural orthostatic tachycardla

391
©24(88,9%)
122 (81 5%) '

%3"-Age (years)
- Sex (female).
~ Race '(Caucaéian)‘
J‘,'Co morbldlty
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" Diabetes: me|l|tus
- Coronary artery disease e
Mlgralne i
Joint hypermoblllty syndrome
e Mltochondrlal cytopathy =
Prempltating event' :

- Trauma. - 3.7%
_ Pregnancy 3(12:6%)
Vlral lnfectlon }'3’(117;1%)
gisymptoms e
‘ WVFatlgue

1348 2%)
5(185%)
16 (59. 3%)
11.(40,7%
-~ 18(67%)
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L Anxiety

‘ ':Tremulousness

= Excessive: sweatlng

f‘:l"“Nausea :
: D;arrhga 10 (36%)
. Bloating . -9 (33%)

toms of patients suffering from hyperadrenergic
POTS. Twenty seven patients aged 39 * 11, 24
(89%) of them female and 22 (82%) of them Cauca-
sian were included in this study.

Precipitating events

The precipitating events in patients suffering
from hyperadrenergic POTS were pregnancy
(12.5%), viral infection (11.1%) and trauma (1%).

Comorbidity

Hypertension (33.3%), migraine (29.6%) and
joint hypermobility syndrome (18.5%) were com-
mon co-morbidities in this group of patients.

Symptoms of POTS

Dizziness and pre-syncope (60%) were the
common symptoms, followed by fatigue (51%) and
orthostatic palpitations (48%). Orthostatic hyper-
tension was seen in 19% of patients. Table 1 sum-
marizes other symptoms encountered in our patient
population.
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Table 2. Medication use and response to diffe-
rent medications used in patients with hypera-
drenergic postural orthostatic tachycardia.

Modication

44 (100%)-
L/4(25%)
-10/12'(83.3%)
13/20 (65. o%)

47 (57.1%).

4/27 (14 8%)
4/27.(14.8%)
12/27-(44: 4%) Y
24/27 (88.9%)

9/27 (33.3%)

Adderall
*‘Florinef
' Clonidine-
: ‘VBetgfploéKérs :
- Midodrine’

OSSR 9/27.(33.3%) | 3/7 (42, 9%) .
;fSSRl/NERI 17/27.(62.9%) . ~ 7/13.(63.9%)

- Modafinil 6/27.(18.5%) ' 3/5(60.0%)

" Epogen 2/27 (7.4%). /2/(50.0%)
§j].|v|estmon rf-,,—‘11/27 (40.7%). 2/8(26.0%) . .

SSRI — selective serotonin reuptake inhibitors; NERI — noreplneph
rine reuptake inhibitors

Tilt table test

All patients demonstrated a typical hyperadr-
energic POTS response to the tilt table test. The
mean rise in HR on a tilt test was 35 + 3 bpm and
the mean time to peak HR was 8 = 3 min, The mean
increase in SBP was 13 + 3 mm Hg.

Norephinephrine levels

The standing norepinephrine levels were cal-
culated in each patient. The mean norepinephrine
levels in these patients were 828 = 200 pg/mL (nor-
mal range: 520 pg/mL).

Medications and response
to the medications

Most of these patients were on a combination
of medications. The algorithm we used has been de-
scribed in the ‘Methods’ section under ‘Treatment
protocol’. Most of these patients were receiving a
combination of various first and second line medi-
cations. These patients were refractory to various
combinations of medications. Table 2 summarizes
various medications we commonly used in these
patients.

Discussion

Our understanding of the disorder now called
POTS has substantially increased over the past two
decades. The early descriptions of the disorder fo-
cused on a group of patients who had been previous-
ly healthy until a sudden febrile illness (presumably
viral) brought on an abrupt onset of symptoms [3].

www.cardiologyjournal.org 3
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Later investigations revealed that POTS is better
understood as a physiological state most common-
ly due to an inability of the peripheral vasculature
to maintain adequate resistance in the face of ortho-
static stress, allowing for excessive pooling of blood
in the more dependent areas of the body [1, 13, 14].
The resultant functional decline in circulatory vol-
ume elicits a compensatory increase in HR and my-
ocardial contractility. While compensatory in mild
cases, this mechanism is unable to fully compen-
sate in more severe cases, resulting in a reduction
in effective circulation and varying degrees of ce-
rebral hypoperfusion. Later investigations revealed
that POTS is not a single condition, but rather
a heterogeneous group of disorders resulting in
a similar physiological state [8, 13-15].

Clinical findings of hyperadrenergic
POTS in our series

Precipitating events. The less common form
of primary POTS, the hyperadrenergic form, tends
to have a gradual and progressive onset of symp-
toms as opposed to an abrupt onset [2, 16]. In our
study, one patient had onset years after traumatic
brain injury, three had symptoms following preg-
nancy, and another three had an onset of symptoms
following a viral illness.

Symptoms of POTS. Hyperadrenergic POTS
patients report significant tremor, anxiety, and cold
sweaty extremities when upright. Many will report
a significant increase in urinary output after being
upright for even a short period of time, and over half
suffer from true migraine headaches. In our series,
55-65% of patients reported symptoms of hypera-
drenergic state in the form of anxiety, tremulousness
and excessive sweating. Orthostatic palpitations and
pre-syncope/dizziness were reported in 50-60% of
the patients. Fatigue was one of the commonest
symptoms reported in our patient series and synco-
pe was also reported in 40%. Some patients with
POTS may experience syncope in the absence of
significant decline in blood pressure. A sudden in-
crease in cerebrovascular resistance resulting in
decline in cerebral oxygenation that occurs in the
presence of orthostatic stress has also been report-
ed in these patients [17-20]. The higher incidence
of syncope and fatigue may be because of the selec-
tion bias in this study as many of these patients had
been referred from various centers for a second opin-
ion regarding diagnosis and management and were
often difficult to treat with refractory symptoms.

Gastrointestinal symptoms were reported in
almost 30% of the patients in this study. There have
been reports of gastrointestinal symptoms in pa-

tients suffering from POTS. Patients with hypera-
drenergic forms tend to diarrhea rather than con-
stipation [2, 7]. In our series, almost 30% of patients
had gastrointestinal symptoms in form of nausea,
bloating and diarrhea.

In our study, most patients demonstrated
symptoms of adrenergic overactivity in the form of
palpitations, tremulousness and almost one third of
our patients were hypertensive, receiving more
than two medications to control their blood pres-
sure. Almost 20% of our patients demonstrated
orthostatic rise in their blood pressure of more than
20 mm Hg. In some ways the symptoms patients
experience are suggestive of pheochromocytoma,
although no patient had evidence of this.

The patients suffering from hyperadrenergic
variant of POTS appear to have an increased cen-
trally mediated drive of norepinephrine or a defect
in norepinephrine reuptake, resulting in increased
availability of norepinephrine at the synaptic junc-
tions. Beta-blockers and centrally acting sym-
patholytics like clonidine, by counteracting the ex-
cess norepinephrine either by decreasing the cen-
trally mediated release or by receptor blockage, may
result in a substantial decline in norepinephrine
mediated effects [1, 2, 8, 15, 16].

TFuature perspective

There has been a substantial increase in the
efforts to understand the pathophysiology and eti-
ology of POTS. Recent research has shown that this
syndrome may have multiple etiologies, and we now
know that POTS can have multiple variants result-
ing from these multiple etiologies including partial
dysautonomia [3] centrally mediated hyperadren-
ergic stimulation [8], norepinephrine transporter
dysfunction [16], autoimmune anti body against
cholinesterase receptors [21], POTS associated
with deconditioning [22] and hypovolumia [23]. A
recently published study reported that POTS may
be a manifestation of autonomic cardiac neuropathy
[24]. POTS has been reported after traumata [25]
and infections [26] as well.

The clinical profile of our patients was similar
to the patients reported in other studies. Also our
observations that beta-blockers and centrally act-
ing sympatholytics work better in patients pre-
sumed to have hyperadrenergic variant of POTS
were consistent with those in other series [2, 7].

Conclusions

Patients of hyperadrenergic POTS should be
identified and differentiated from those with neu-
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ropathic POTS. These patients are usually difficult
to treat and there are no standardized treatment
protocols known at this time for patients with hy-
peradrenergic POTS. A randomized control trail in
future may help evaluate the role of optimal thera-
py in these patients.
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BRADY, P.A., £T AL Inappropriate Sinus Tachycardi

a, Postural Orthostatic Tachycardia Syndrome, and

Overlapping Syndromes. Background: Inappropriate sinus tachycardia (IAST) and postural orthostatic
tachycardia syndrome (POTS) are syndrome complexes with some distinctive features, overlapping clin-
ical manifestations, and potential common mechanisms. Pathogenesis of these overlapping syndromes is
poorly understood. Diagnostic and therapeutic approaches have not been standardized.

Purpose: This article provides an overview of the definition, clinical presentation, and proposed mech-
anisms of IAST and other overlapping syndromes. A stepwise diagnostic approach is suggested. A multi-

disciplinary management scheme is outlined.

Methods: A MEDLINE search for English-language articles on IAST, POTS, and chronic orthostatic
intolerance published up to 2005 was performed. Published data incorporated with our clinical experience

were synthesized and presented in this review.

Results: The population of IAST is heterogeneous and underlying mechanisms are complex and likely
multifactorial. Evidence suggests that both cardiac and extracardiac causes are plausible. Regional and
limited autonomic neuropathies, at least in part, can provide a mechanism-based explanation of the car-

diovascular indices and clinical symptoms in a signi

ficant number of patients with JAST. The regional

abnormalities can be detected by autonomic testing. Among patients with IAST and evidence of autonomic

dysregulation, an integrated autonomic, cardiovascula
to be logical and rational when appropriate. Sinus no

r, and psychiatric management approach appears

de ablation could be considered in patients with

persistent IAST in the absence of autonomic neuropathy and multisystem symptoms. Data from long-term

outcomes are lacking,

Conclusion: The current understanding of IAST mechanisms is incomplete and management approach
is not adequate. Significant effort needed in clinical research to improve therapeutic outcome. (PACE 2005;

28:1112-1121)

inappropriate sinus tachycardia, postural orthostatic tachycardia syndrome, chronic orthostatic

intolerance, management, ablation

Introduction

Inappropriate sinus tachycardia (IAST) is
characterized by paroxysmal or persistent ele-
vation of heart rate due to an apparent sinus
mechanism disproportional to the physiologic de-
mand.*? Individuals with IAST often present to
physicians with diagnostic and therapeutic chal-
lenges. In part, this relates to incomplete under-
standing of the underlying mechanisms giving
rise to the clinical syndrome, lack of precise defini-
tion, and wide-ranging, but not so effective, thera-
peutic interventions. Although the inappropriate-
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ness in sinus rate and frequent symptoms of pal-
pitations bring the evaluation focus primarily on
cardiovascular indices, frequent multisystem com-
plaints from these patients suggest that IAST en-
compasses a heterogeneous population with ex-
tracardiovascular pathophysiologic mechanisms.
Separately described, although with significant
overlap in clinical presentation as in patients with
IAST, is a group of patients known as postural or-
thostatic tachycardia syndrome (POTS), in whom
the symptoms and tachycardia predominantly de-
velop in the upright position.®® Clinical presen-
tation and underlying pathophysiology of POTS
can be attributed, at least in part, to autonomic
dysregulation. Although the precise relationship
of IAST and POTS is not known, overlapping mul-
tisystem symptoms and autonomic abnormalities
observed in selected patients with IAST® suggest
these two syndrome complexes may share some
common pathophysiologic mechanisms.
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The purpose of this review is to provide
an overview of current understanding of IAST
and overlapping syndromes, discuss diagnosis and
treatment options, and offer a broad, multidisci-
plinary management approach in patients with ap-
parent JAST.

Definition and Diagnosis
Inappropriate Sinus Tachycardia

IAST is a clinical syndrome with a relative or
absolute increase in sinus rate out of proportion
to physiological need (Table I). There is general
agreement among clinicians and investigators that
a heart rate exceeding 90-100 beats per minute
(bpm) at rest or with minimal physiologic chal-
lenge is “inappropriate.” On the surface electro-
cardiogram (ECG), the P-wave morphology during
tachycardia is nearly identical to that during nor-
mal sinus rhythm. On a 24-hour Holter monitor,
the mean heart rate exceeds 95 bpm, a daytime
resting heart rate exceeds 95 bpm, or an increase
in sinus rate from supine to upright position of
more than 25—-30 bpm.” Although these electrocar-
diographic and heart rate features provide some
quantifiable parameters for IAST, the diagnosis
is not quite straightforward and nor are the un-
derlying mechanisms clearly defined. The clini-
cal manifestations of this syndrome are diverse,
and the epidemiology of this patient population
has not been well defined. Patients are primar-

ily young women (15-50 years of age), and clin-
ical symptoms range from intermittent palpita-
tions to multisystem complaints. The association
of IAST patients with health professional work-
ers has been recognized. The spectrum and list
of common symptoms includes palpitations, light-
headedness, presyncope, syncope, exercise intol-
erance, easy fatigue, dyspnea, chest pain, myalgia,
headache, abdominal discomfort, anxiety, and de-
pression. Although it is usually one or more of
these symptoms that bring a patient to medical at-
tention, reproduction and correlation of sympto-
ms, activity, and heart rate can be very challeng-
ing. ‘

The underlying mechanisms of IAST are not
well defined. Enhanced automaticity of the si-
nus node,? altered autonomic responses mani-
fest as increased sympathetic tone, either directly
or via sympathetic receptor hypersensitivity or
blunted parasympathetic tone,*!? and impairment
of baroreflex sensitivity® are several proposed po-
tential mechanisms. The extent to which each of
these mechanisms contributes to tachycardia and
associated symptoms is unknown. In 6 patients
with IAST (5 patients had normal resting heart
rate), the intrinsic heart rate increased [based on
the suggested formula of expected intrinsic heart
rate = 118 — (0.57 x Age)] after autonomic block-
ade.® Analysis of heart rate variability showed
a normal sympathovagal balance. These patients
had marked increased sensitivity to isoproterenol

Table I.

IAST and POTS: Definition, Clinical Presentation, and Proposed Mechanisms

POTS

Persistent increase >30 bpm or absolute rate
>120 bpm within 10 minutes when moving
from supine to upright position in the
absence of orthostatic hypotension

IAST
Heart rate “Inappropriate” for physiologic need
>90-100 bpm at rest or with minimal exertion
mean > 95 bpm on Holter
Symptoms* Frequent multisystem

1 Sinus node automaticity
4 Cardiac sympathetic tone

Proposed mechanisms

4 Cardiac sympathetic receptor sensitivity
Blunted cardiac para-sympathetic tone
Subtle or regional autonomic dysregulation

overlapping with POTS

Frequent multisystem
Length-dependent autonomic neuropathy
Venous pooling
a-hyposensitivity
B-hypersensitivity
Baroreceptor dysfunction

Hypovolemia
Brainstem dysregulation

IAST = Inappropriate sinus tachycardia; POTS = Postural orthostatic tachycardia syndrome.

*See Table |l and text for discussion.
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and a blunted response to vagal stimulation. These
observations suggested that enhanced intrinsic si-
nus node automaticity was a major component
of the underlying pathogenesis. In another report
of 7 patients with TAST presenting with persis-
tent sinus tachycardia,’ only 1 patient had in-
creased intrinsic heart rate after autonomic block-
ade. Excessive sympathetic tone, reflected by the
marked propranolol-mediated slowing of the si-
nus rate, was observed in 2 patients. Five pa-
tients had impaired vagal reflexes, as shown by
blunted atropine-mediated tachycardia. IAST was
probably a result of sympathovagal imbalance.
These varied observations highlight the hetero-
geneity of presentation among these patients. The
focus of these investigations was on a primary
cardiac mechanism of TAST; extracardiac mecha-
nisms or potential causes of a secondary (reflex)
sinus tachycardia were not explored in these in-
vestigations, In a selected IAST patient popula-
tion undergoing sinus node ablation, we observed
that autonomic function profiles determined by
autonomic laboratory testing were highly sugges-
tive of the presence of an extracardiac, autonomic-
based pathophysiology. The symptom of palpita-
tions and documentation of IAST were secondary
phenomena to a subtle and limited systemic auto-
nomic dysregulation.®

Postural Orthostatic Tachycardia Syndrome

POTS was first defined in the adult popula-
tion as an increase in heart rate by more than 30
bpm or an increase to heart rate greater than 120
bpm within 10 minutes when moving from supine
to the upright position (Table 1).* Patients with
similar clinical and physiologic profiles were later
identified in the teenager population.'? Patients
with POTS are predominantly young women rang-
ing in age groups from menarche to menopause.
As the name of the syndrome suggests, devel-
opment of tachycardia and other symptoms dur-
ing upright position, and relieved by recumbence,
are central features of this syndrome complex.
Symptoms always include dizziness and light-
headedness. Frank syncope can occur at times,
although not a predominant feature. Not infre-
quently, patients also report headache, tunnel vi-
sion, fatigue, neurocognitive impairment, exercise
intolerance, weakness, dyspnea, tremulousness,
nausea, chest or abdominal pain, sweating, anxi-
ety, and palpitations. The intensity and frequency
of symptoms is often variable and in some in-
stances may occur and persist even when the pa-
tient is supine. Although the explanation of these
symptoms is far from complete, many of the symp-
toms in the upright position appear to be related to
a reduced cerebral blood flow.>!* During upright
posture, some patients increase depth of respira-
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tion, causing hypopnea and cerebral vasoconstric-
tion, resulting in symptoms of light-headedness,
visual blurring, and weakness. The underlying
cause of orthostatic hyperpnea remains elusive,
but is likely multifactorial.

Patients with POTS do not have signif-
icant orthostatic hypotension or overt sys-
temic autonomic neuropathy. Several mecha-
nisms of POTS have been suggested (Table I),
including length-dependent autonomic neuropa-
thy, beta-receptor supersensitivity, alpha-receptor
hypersensitivity or hyposensitivity, altered
sympatho-parasympathetic balance, brain stem
dysregulation, idiopathic hypovolemia, and ex-
cessive venous pooling. Approximately, one-half
of patients with POTS may have a restricted form
of sympathetic autonomic dysregulation that
spares parasympathetic cardiovagal function.?
A regional autonomic neuropathy that predomi-
nantly affects the lower extremities may explain
the excessive venous pooling,*!® impaired limb
arteriolar vasoconstriction'* or microvascular
filtration.’® A selective impairment of renal sym-
pathetic innervation may explain the decreases
in plasma volume or red cell mass found in
some patients.’®!” Denervation supersensitivity
may explain the cardiac beta-adrenergic hyper-
sensitivity seen in POTS.'®! In some patients,
with or without evidence of regional autonomic
dysregulation, elevated plasma norepinephrine in
the upright position has been noted.?**! In a pre-
liminary investigation proposing an autoimmune
mechanism, positive antibody to Az acetyl-
choline receptor (ganglionic) has been reported.??
Although evidences of a limited autonomic
dysregulation provide plausible mechanisms un-
derlying some patients with POTS, understanding
of this complex syndrome in this heterogeneous
population is far from complete. The autonomic
reflex system is a “closed loop.” It is difficult
to know whether an altered sympathetic or
parasympathetic activity is primary or secondary.
Some patients with POTS symptom complex and
hemodynamic features do not have evidence of
autonomic laboratory abnormalities. Interactions
of physiologic and psychological responses are
frequently suspected while difficult or impossible
to differentiate.5?® These challenges, combining
with a lack of widely available autonomic lab-
oratory testing and of readily acceptance of any
psychosomatic mechanism, continue to hinder a
complete dissection of POTS pathophysiologic
mechanisms. ‘

Overlapping Syndromes

Although TAST (often described in the cardi-
ology literature) and POTS (usually described in
the neurology literature) are syndrome complexes
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with some distinctive features, overlapping
clinical manifestations and potential common
mechanisms are apparent. In addition to having
many clinical symptoms in common, the “inap-
propriateness” of heart rate response in patients
with TAST often occurs during orthostatic stress
and patients with POTS may have persistent ele-
vation of heart rate in the recumbent position. It
has been a general consensus that POTS identifies
a common subgroup of a large population with
chronic orthostatic intolerance.?* Other groups
with similar or overlapping laboratory findings
and clinical course include hyperadrenergic
syndrome,?®?® idiopathic hypovolemia,'® sym-
pathotonic orthostatic hypotension,?” and mitral
valve prolapse syndrome.?® The mechanism
of persistent fatigue observed in patients with
chronic orthostatic intolerance is not known.
It has been reported that evidence for POTS in
patients with chronic fatigue syndrome is as often
as in 25-50% cases.'"?930 In the authors’ opinion,
the relationship of IAST, chronic orthostatic
intolerance and chronic fatigue syndrome could
be illustrated in Figure 1. Distinguishable features
are present among these groups with overlapping
clinical presentation and possible pathophysio-
logic mechanisms. POTS is a common, but not the
only form of chronic orthostatic intolerance.

Evaluation

The attention and focus on cardiovascular as-
sessment in patients with apparent IAST usually
occur during the course of evaluation because
symptoms of palpitations, light-headedness, occa-
sional syncope, and recorded intermittent or per-
sistent sinus tachycardia. A “standard” diagnostic
approach to patients with possible IAST has not
been developed. A practical and stepwise evalua-
tion will be discussed in this review with the ob-
jectives to investigate potential mechanisms and

Inappropriate Sinus
Tachycardia

Chronic Orthostatic
Intolerance

POTS
Idiopathic hypovolemia
Hyperadrenergic s&ndrome

Sympathotonic orthostatic
hypotension

Mitral valve prolapse syndrome

Chronic
Fatigue
Syndrome

Figure 1. Suggested relationships of IAST and other
overlapping syndromes (please see text for further dis-
cussion),

PACE, Vol. 28

to utilize the laboratory finding to guide therapy
in patients with IAST.

Establishing Diagnosis

A thorough history and physical examination
is required to gain the appreciation whether the
palpitation is an isolated and predominant feature
of the patient’s presentation or is one of many sys-
temic complaints. Documentation of sinus tachy-
cardia is required and can usually be made by a
combination of noninvasive electrocardiographic
testing modalities. A 12-lead ECG may or may
not always record tachycardia as it is performed
in the supine position at rest. It should be rou-
tinely performed, however, as the 12-lead ECG
provides the standard assessment of P-wave mor-
phology and estimates the origin of atrial depolar-
ization. A 24-hour Holter monitoring is required
and useful to determine the mean heart rate, fluctu-
ation according to activities, limited P-wave mor-
phology from three-standard leads, and correla-
tion of symptoms to rate and rhythm. Additional
heart rate assessment could be considered on an
elective basis including an ambulatory event loop
recorder to correlate heart rate to symptoms. A
treadmill exercise test could be useful to assess
heart rate response to activity, to correlate with
symptoms and to assess conditioning and decon-
ditioning. A prolonged tilt table test (>20 minutes)
is not usually required unless the patient hasrecur-
rent and unexplained syncope or when reproduc-
tion of subjective symptoms and hemodynamic in-
dices is desired. A tilt table testing of a shorter
duration (up to 10 minutes) as a part of auto-
nomic assessment to orthostatic stress is routinely
performed in the autonomic laboratory at our cen-
ter (see discussion below). The diagnosis of IAST
is suspected when sinus tachycardia, inappropri-
ate for the physiologic demand, is repeatedly doc-
umented. In the authors’ experience, heart rate
patterns from Holter monitor among patients with
TAST can be broadly categorized into three groups
(Fig. 2): (1) physiologic or normal heart rate at
rest (<85 bpm) with inappropriate tachycardia re-
sponse to physiologic demand; (2) moderately el-
evated resting heart rate (exceeding 85 bpm) with
accentuated (inappropriate) heart rate response to
minimal exertion; (3) persistently and marked el-
evation (inappropriate) of sinus rate with resting
heart rate or mean heart rate exceeding 95 bpm
with graded heart rate response to activity. Clini-
cally, group 2 and 3 appear to be more common. Al-
though the characterization of the heart rate trends
is rather qualitative and simple, combining with
patient’s symptoms, it could be useful in making
therapeutic decisions, and in guiding and assess-
ing response to therapy.
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Type 1 Heart Rate Trend
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Figure 2. Heart rate trend plot from Holter monitoring
outlining three general patterns in patients with IAST
(please see text for discussion: (with permission, modi-

fied from Ref. 2)).

Excluding Secondary Causes
of Sinus Tachycardia

While the documentation of IAST is be-
ing made, secondary causes of sinus tachycardia
must be excluded by conducting a thorough gen-
eral medical evaluation. Anemia, infection, fever,
and endocrinological abnormalities should be ex-
amined. The following blood tests are consid-
ered as screening and routine: complete blood
count, fasting blood glucose, and thyroid func-
tion screen. Assessment of orthostatic plasma
norepinephrine, urinary metanephrines, and 24-
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hour urinary sodium excretion could be consid-
ered on a selected basis. Conditions such as dia-
betic neuropathy, hyperthyroidism, Cushing’s dis-
ease, pheochromocytoma, carcinoid, and other
endocrinologic abnormalities should be consid-
ered in the differential diagnosis. An echocar-
diographic examination is usually recommended
to exclude any significant structural cardiopul-
monary abnormalities, It should be emphasized
that the left ventricular function is always normal
in patients with IAST, a potential discriminator
compared to other mechanisms of tachycardia that
may lead to tachycardia induced cardiomyopathy
or sinus tachycardia may be secondary to preexist-
ing compromised cardiac function.

Assessing Autonomic Contribution

Following the documentation of IAST and
after secondary causes are excluded, an autonomic
evaluation including screening for autonomic dys-
function and autonomic neurological consultation
is considered obligatory when the constellations
of systemic and postural symptoms are present.
A complete discussion of autonomic testing is be-
yond the scope of this review. A brief summary of
autonomic screening and observations relevant to
patients with IAST will be provided. For a more
detailed description on autonomic testing, readers
are referred to a recent comprehensive review.3!

The general concepts of targeted autonomic
function assessment and the components of lab-
oratory testing are summarized in Table II. The
screening tests of autonomic function are grouped
into three categories: sudomotor function, car-
diovagal regulation, and vasomotor regulation,
Sudomotor function (postganglionic sympathetic
pathway) is assessed with the quantitative sudo-
motor axon reflex test (QSART), which quanti-
fies the amount of sweating upon acetylcholine
challenge. A reduced or absent sweat response
indicates postganglionic sympathetic sudomotor
failure. In selected IAST patients with POTS

Table II.

Autonomic Reflex Screen: General Concepts

Postganglionic Sudomotor Failure
Abnormal QSART
Cardiovagal dysfunction
Reduced HRR deep breathing and Valsalva ratio
Adrenergic dysfunction
Abnormal phase Il, IV response during Valsalva
maneuver and responses during tilt

QSART = quantitative sudomotor axon reflex test.
HRR = heart rate range.
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features, abnormal QSART is present in a length-
dependent manner suggestive of distal small-fiber
neuropathy. When QSART is abnormal, the de-
gree and extent of sudomotor dysfunction can be
further determined by the thermoregulatory sweat
test (TST). Cardiovagal regulation is estimated by
heart rate response to deep breathing (HRpg) and
the Valsalva maneuver. In our autonomic reflex
laboratory, HRpp is determined by the heart rate
range (maximum-minimum) during six cycles of
breathing per minute (inspiratory and expiratory
cycles of 5-seconds each). The Valsalva ratio (VR)
is derived from the maximum heart rate generated
by the Valsalva maneuver divided by the lowest
heart rate occurring within 30 seconds of peak
heart rate. Both HRpg and VR provide indirect as-
sessment of the vagal regulation of heart rate. The
vasomotor activity is assessed by the beat-to-beat
heart rate and blood pressure response to tilt and
the Valsalva maneuver, During phase II of Valsalva
maneuver, exaggerated early drop of blood pres-
sure and attenuated late recovery suggest subtle va-
somotor insufficiency in the absence of orthostatic
hypotension. An overshoot of blood pressure dur-
ing early phase IV suggests the presence of hypera-
drenergic response. An example of hemodynamic
responses from a patient with ITAST with features
of POTS is shown in Figure 3. This patient had a
rather normal heart rate in the supine position at
rest. In response to tilt, sustained sinus tachycar-
dia ranging from 110150 bpm was observed. Or-
thostatic hypotension was not present while pulse
pressure was reduced in response to tilt. These ob-
servations are suggestive of a hyperadrenergic re-
sponse. An example of a length-dependent, post-
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Figure 3. Blood pressure (BP) and heart rate (HR) re-
sponse during tilt table testing in a patient with IAST.
Immediately after tilt, heart rate (dotted line} increased
significantly and the overall systolic and diastolic pres-
sure (solid line) remained stable. The pulse pressure was
significantly reduced (with permission from Ref. 6).
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ganglionic sympathetic sudomotor neuropathy in
a patient with TAST is shown in Figure 4. The
TST showed a patchy hypohidrosis response pat-
tern in the lower extremities, with a relatively nor-
mal sweat pattern in the trunk. The blood pressure
and heart rate response during Valsalva maneu-
ver in an JAST patient with a mild (without or-
thostatic hypotension) abnormal adrenergic vaso-
constrictive response is shown in Figure 5. The
blood pressure response was attenuated during
phase II, suggesting impairment of vasoconstric-
tion, whereas an exaggerated response was noted
during phase IV, suggesting hyperadrenergic reac-
tivity. Although standard techniques and normal
ranges for these test results corrected for age and
gender have been published,®! routine autonomic
screen testing has been limited to a few selected
medical centers. In a small group of patients with
IAST undergoing sinus node modification abla-
tion, one or more abnormal autonomic test results
were frequently observed.® The exact prevalence
of autonomic dysregulation in the population of
IAST at large is unknown because autonomic test-
ing has not been routinely performed in these pa-
tients.

Excluding Other Supraventricular Arrhythmias

A diagnostic electrophysiologic study should
be considered when the etiology or mechanism of
the documented tachycardia is uncertain or when
other supraventricular tachyarrhythmias are sus-
pected. During the study, programmed stimulation
is performed to exclude sinus node reentry tachy-
cardia, atrioventricular nodal reentrant tachycar-
dia, atrioventricular reentrant tachycardia, ectopic
atrial tachycardia, and atrial tachycardia or atrial
fibrillation. Several classic findings should be ob-
tained during electrophysiologic study to con-
firm the diagnosis of tachycardia of a sinus ori-
gin. A gradual increase (warm-up) and decrease
(cooldown) in heart rate spontaneously or during
initiation and termination of isoproterenol infu-
sion are consistent with an automatic mechanism
of sinus node function. The surface P-wave mor-
phology should be similar to that observed dur-
ing sinus rhythm. During mapping, the earliest
endocardial activation should be near the area of
sinus node along the crista terminalis estimated
from biplane fluoroscopic images, intracardiac ul-
trasonography, or advanced 3-D electro-anatomic
techniques. The atrial depolarization sequence is
always cranial-caudal along the crista terminalis.
During rate changes, the site of earliest activation
shifts superiorly along the crista terminalis at a
faster rate and inferiorly along the crista terminalis
at a slower rate.
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Therapy and Management
IAST with POTS Features

Although physiologic patterns defined by
cardiovascular and autonomic indices have the
potential to refine treatment approaches, cur-
rent management of these patients are far from
adequate. For JAST patients with evidence of au-
tonomic dysregulation (POTS features with mul-
tisystem symptomatology), or episodic symptom
complex in the absence of a persistent and marked
sinus tachycardia (type 2 and 3 Holter response),
we adopted a multidisciplinary model in man-
aging these patients with input from autonomic
neurology, cardiovascular rehabilitation, and
psychiatry.

Comprehensive reviews of autonomic ap-
proaches to these patients can be found in sev-
eral excellent publications.*2430:32° A summary
of therapeutic targets based on mechanistic cate-
gories and suggested interventions are provided in
Table II1.

Sleeping with head of the bed elevated (15 de-
grees) and expanding of plasma volume through
generous salt and fluid intake can be helpful with
minimal risk in most patients. The salt intake
should be between 150 and 250 mEq sodium
(10-20 mg of salt). Salt intake and blood pres-
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Figure 4. Thermoregulatory
sweat test shows patchy hypo-
hydrosis of the left and right
lower extremities below the
knee and normal sweating
elsewhere (please see text for
discussion (with permission
from Ref. 6)).

sure are closely related. Some patients are sensi-
tive to salt intake alone, requiring close surveil-
lance especially in patients with known labile
blood pressure. IFluid intake should be targeted

IAST Patient
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Figure 5. During Valsalva maneuver, the blood pressure
response during late phase Il was attenuated, consistent
with a reduction in vasoconstrictive response. The large
overshoot during phase 1V suggests a hyperadrenergic
state (with permission from Ref. 6).
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Table lIl.
Integrated Management of Patients with IAST

Presumed Mechanisms Suggested Therapy

Hypovolemia; Deconditioning Volume expansion
Fluodrocortisone
Sleep with head of bed
elevated
Exercise prescription
Volume expansion
Pressure stockings
Midodrine
Resistance
training/counter
maneuvers
Fluodrocortisone
a-agonists: midodrine,

Venous pooling

Peripheral adrenergic failure

methylphenidate
Hyper-adrenergic state B-blockers (nonselective
preferred)
Brainstem/central mechanism Phenobarbital
Clonidine
Depression/anxiety Psychiatric evaluation
Refractory cases Erythropoitin

IV saline infusion
Isolated and persistent IAST* Sinus node modification

*See text for discussion.

at 2-2.5 L/day. When evidence of hypovolemia is
persistent despite liberal salt and fluid intake, flu-
drocortisone with a dose of 0.1 mg/day can be initi-
ated and adjusted upward up to 1 mg/day in young
patients.

Compression stockings may provide addi-
tional benefit in patients with evidence of venous
pooling, although inconvenience frequently pro-
hibits long-term use. Midodrine is efficacious in
some patients. In others, supplemental octrectide
may be used for periods of orthostatic decompen-
sation, Physical counter-maneuvers appear to be
beneficial for this group of patients. Some patients
seem to obtain favorable outcome with a 3-month
program of graduated training. Resistance train-
ing may be more beneficial than endurance train-
ing, but a systematic evaluation of outcomes is
lacking.

Patients with peripheral adrenergic dysfunc-
tion, manifested as a loss or attenuated late phase
I response during Valsalva maneuver or evidence
of mild orthostatic hypotension, are best treated
with fludrocortisone and an alpha-agonist. Mido-
drine appears to be the most efficacious in ab-
sorption, predictability in duration of action, and
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lack of central nervous system side effects. Clini-
cal experience from other drugs such as ephedrine,
phenylpropanolamine, and methophenidate has
been very limited.

Evidence of beta-receptor methyl supersensi-
tivity is usually associated with multisystem com-
plaints, These patients often respond to but are
sometimes highly sensitive to beta-antagonists, Fa-
tigue is a common side effect in these patients.
A nonselective g-blocker such as propranolol or
nadolol can be started at low dose, titrated upward
according to heart rate response and tolerance over
2—4 weeks, Selection of a selective g-blocker or
lipophilic profile can be individualized.

It is logical to consider assessment of psy-
chiatric status in patients with overt psychoso-
matic complaints. Such approach should lead to
a more rational integrated management of these
complex patients although the clinical dilemma is
confounded by the frequent rejection of any psy-
chiatric etiology by many patients.

Role of Sinus Node Ablation and Modification

The role of sinus node ablation and modifica-
tion in patients with IAST has not been well de-
fined. The body of literature is small and contro-
versial. An electrophysiological approach of total
ablation or modification of sinus node function
in the mid 90s to early 2000 raised the possi-
bility and optimism that the sinus node could
be effectively slowed or obliterated by radiofre-
quency ablation.?¥3¢ Although short-term success
rates were quite favorable ranging from 76-100%,
long-term outcomes were either incomplete or sub-
optimal. A follow-up report in an abstract form
indicated that sustained improvement of tachy-
cardia symptoms was achieved in only 8 (36%)
of 22 patients during a mean follow-up of 8 & 5
months following sinus node ablation.?” The need
for a pacemaker and procedural-related complica-
tions, including phrenic nerve injury and superior
vena cava obstruction, has been noted in some pa-
tients. In these studies, autonomic testing was not
performed.

In our study of seven patients with IAST and
features of POTS confirmed by autonomic testing,
the feasibility and immediate successful outcome
of sinus rate reduction as reported by other inves-
tigators were confirmed.® However, none obtained
a long-term favorable outcome. Most of the car-
diac and extracardiac symptoms persisted despite
documented slower heart rate by Holter monitor-
ing and treadmill exercise during follow-up. The
autonomic score index, primarily based on symp-
toms mediated by the autonomic nervous system,
showed no significant improvement. These find-
ings strongly suggest that the primary pathogenesis

October 2005 ~ 1119




BRADY, ET AL.

underlying symptoms in patients with IAST with
POTS features is autonomic in origin. IAST
and symptoms of palpitations are merely sec-
ondary manifestation of an autonomic neuropathic
process. ‘

All ablation studies have been subjected to
significant bias because patients were highly se-
lected, control groups were lacking, and numbers
were small. In light of poor long-term outcomes in
our experience, we do not recommend sinus node
modification in patients with IAST with POTS fea-
tures. However, we do recognize that there is a
small group of patients with IAST with minimal
extracardiac symptoms and persistently elevated
heart rate (Type 3 heart rate pattern on Holter), Si-
nus node modification could be helpful, although
long-term clinical response of these patients to ab-
lation remains to be determined.

The overall prognosis of patients with IAST
is unclear. Among patients with POTS with fre-
quent, persistent, and at least moderately severe
symptoms with prolonged duration, symptoms
were self-resolving in the majority of patients,3®
Among 40 patients with follow-up, 80% reported
improvement in symptoms, with 60% returning
to a functionally normal or near-normal level after
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medical therapy. None of these patients had sinus

node ablation.

Conclusion and Future Direction

The current understanding of IAST mecha-
nisms is incomplete and management approach
is not adequate. In patients with TAST, it is crit-
ical to determine the autonomic profile in that,
as the authors propose, autonomic abnormalities
are frequently present and definable by autonomic
testing. An integrated model with a multidisci-
plinary management approach is logical. Devel-
opment of new drugs, specifically targeting the
pacemaker current in the sinus node,?® could be
of interest in treating JAST patients with minimal
extracardiac symptoms, A mechanism-based diag-
nostic scheme has the potential to improve ther-
apeutic approaches and outcomes. Additional ef-
forts will be required to bring the research findings
to clinical practice.
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Mechanism of ‘Inappropriate’
Sinus Tachycardia

Role of Sympathovagal Balance

Carlos A. Morillo, MD; George J. Klein, MD; Ranjan K. Thakur, MD; Huagui Li, MD, PhD;
Marco Zardini, MD; Raymond Yee, MD

Background “Inappropriate” sinus tachycardia (IST) is an
uncommon and poorly defined atrial tachycardia characterized
by inappropriate tachycardia and exaggerated acceleration of
heart rate with “normal” P wave. The mechanism of this
tachycardia is unknown. The purpose of the present study
was to determine the role of autonomic balance in the genesis
of IST.

Methods and Results  Six female patients aged 23 to 38 years
with IST and 10 age- and sex-matched control subjects were
assessed with the following autonomic function tests: (1)
sympathovagal balance to the sinus node assessed by calculat-
ing the LF/HF (low frequency/high frequency) ratio using
power spectral analysis both in the supine position and after 10
minutes of head-up tilt to 60°, (2) cardiovagal reflex assessed
by cold face test (CFT), (3) B-adrenergic sensitivity as deter-
mined by calculating isoproterenol dose-response curves and
isoproterenol chronotropic dose 25 (CDy), and (4) intrinsic
heart rate (IHR) assessed after autonomic blockade with
atropine 0.04 mg/kg and propranolol 0.2 mg/kg administered
as an intravenous bolus. No significant differences in the

LF/HF ratio both in the supine position (2.8+0.3 versus
2.6+0.4) and during upright tilt (8.7+1.3 versus 8.5+0.5) were
observed between control subjects and IST patients. Cardio-
vagal response to CFT was markedly depressed in all patients
(6.3% IST patients versus 24.2% control subjects, P<.001).
B-Adrenergic hypersensitivity to isoproterenol was noted in all
patients (mean CD,, 0.29+0.10 ug IST patients versus
1.27=0.4 pg control subjects; P<.001), and high IHR was
noted in all cases. The patients were treated with high doses of
B-blockers with adequate short-term control. Radiofrequency
catheter ablation of the sinus node area was performed in one
drug-refractory patient.

Conclusions 'These findings suggest that the mechanism
leading to IST is related to a primary sinus node abnormality
characterized by a high IHR, depressed efferent cardiovagal
reflex, and B-adrenergic hypersensitivity, (Circulation. 1994;
90:873-877.)

Key Words e tachycardia e autonomic function e sinus
node

mal sinus tachycardia, permanent sinus tachycar-

dia) is an atrial tachycardia characterized by inap-
propriate tachycardia and exaggerated acceleration of
heart rate during physiological stresses. The P wave
morphology suggests origin in or very close to the sinus
node.!4+ The mechanism leading to an exaggerated
response of the sinus node to minimal physiological
stress is incompletely understood. It is not clear whether
the abnormality is an abnormal sinus node (or atrial
pacemaker) or abnormal autonomic function with a
normal sinus node. This study investigated the auto-
nomic balance of the sinus node in 6 consecutive
patients with IST.

Inappropriate” sinus tachycardia (IST; nonparoxys-

Methods
Study Population

The study population consisted of 6 female patients aged 23
to 38 years with a history of tachycardia for a period of 3 or
more months and 10 female control subjects aged 22 to 39
years. IST was defined by the following criteriat: (1) atrial rate
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of =100 beats per minute at rest or triggered by minimal
physiological stress, (2) “normal” P wave axis and morphology
during tachycardia documented electrocardiographically, and
(3) absence of orthostatic hypotension, diabetes mellitus,
hyperthyroidism, or drug abuse. Verbal and written informed
consent was obtained in all patients.

Clinical and Laboratory Examinations

All patients had a physical and neurological examination, a
12-lead ECG, ambulatory ECG monitoring for 24 to 48 hours,
and a two-dimensional echocardiogram. Thyroid function and
glucose levels were assessed in all patients. Exercise stress test
was assessed in 4 patients,

Autonomic Function Tests

Subjects were studied in the postabsorptive state. All studies
were performed at 8:30 AM. An intravenous line was inserted,
and 5% dextrose in normal saline was started at a rate of 20
mL/ht, Continuous noninvasive assessment of blood pressure
(Finapress, Ohmeda 2300) and ECG limb leads I, II, and III
were recorded on a Graphix Thermal Array Corder (WR
3600). Two ECG leads were continuously recorded with a tape
recorder (Zymed Tritrak 1100-5) for further analysis.

Sympathovagal Balance

Subjects were allowed 15 minutes in the supine position for
stabilization. Sympathovagal balance in the supine position
and during orthostatic stress was assessed by power spectral
analysis of heart rate variability obtained from the tape-
recorded ECG.5-19 Heart rate variability was assessed after 10
minutes in the supine position and after 10 minutes of upright
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Fia 1. Left, Ambulatory ECG. Top recording shows resting heart rate of 72 beats per minute (BPM). Sinus tachycardia of 153 beats per
minute (bottom) evidenced by the presence of a positive P wave preceding each QRS complex was triggered after assuming the upright
position. Right, Hourly trends in heart rate obtained from a 24-hour ambulatory ECG recording from the same patient, Heart rate ranged

between 58 and 172 beats per minute.

head-up tilt on an electronically driven table with footboard
support to 60°. All tapes were digitally processed and manually
scanned with a Zymed 1210 Holter system. Power spectral
density was calculated by a fast Fourier transform algorithm
producing a 512-point spectrum for the 0.01- to 1.0-Hz
frequency band. Low-frequency (LF) power (0.04 to 0.15 Hz)
and high-frequency (HF) power (0.15 to 0.5 Hz) were ob-
tained, and the sympathovagal balance expressed as the
LF/HEF ratio was calculated.5-10 Ten age-matched (mean, 29+6
years), sex-matched healthy volunteers from our laboratory
were used as control subjects.!!

Cold Face Test

The cardiovagal reflex was evaluated by exploring the
trigeminal-vagal response both in the study population as well
as in the 10 control subjects. Bilateral cold pads (0°C) were
applied over the ophthalmic branches of the trigeminal nerve
for a period of 1 minute.12-4 Baseline heart rate was derived
from the mean of the values recorded in the 2 minutes
preceding the cold face test (CFT). The minimum heart rate
during CFT was detected, and mean heart rate was calculated
from 10 sinus beats (5 beats preceding and 5 beats after
minimum heart rate). The magnitude of heart rate change is
expressed as the percent reduction from mean baseline heart
rate. The methodology and validation of this test has been
previously reported by our laboratory and by others,12-15

Isoproterenol Sensitivity Test

B-Adrenergic sensitivity was assessed by calculating isopro-
terenol dose-response curves in each patient.!6 Isoproterenol
hydrochloride was given as a rapid 1-mL bolus. The initial dose
used was always 0.25 ug and was thereafter doubled (0.5, 1.0,
2.0, and 4.0 pg) until an increase in heart rate of 35 beats per
minute or a peak heart rate of 150 beats per minute was
achieved. Ten minutes was allowed between each injection to
allow return to baseline heart rate. The peak heart rate before
and after each injection was calculated from the three shortest
RR intervals of the ECG. Isoproterenol chronotropic dose 25
(CD,;) was defined as the dose necessary to achieve an
increase in heart rate of 25 beats per minute. The 10 control
subjects underwent the same protocol, and data were pooled
with that acquired from 5 healthy subjects previously
reported.16

Intrinsic Heart Rate

Intrinsic heart rate (IHR) was assessed after bolus injection
of propranolol 0.2 mg/kg and atropine 0.04 mg/kg.17 The IHR
observed was compared with the predicted value for each
patient by the formula ITHR=118.1-~(0.57 xage).17:18

Statistical Analysis

Data are presented as mean=SD. Comparison between
groups was assessed by one-way ANOVA. Continuous vari-
ables were assessed by a two-tailed unpaired ¢ test. Differences
were considered significant if the null hypothesis was rejected
at the level of P<.05.

Results

All patients had normal physical and neurological
examination. Thyroid function, glucose levels, and two-
dimensional echocardiogram were normal in all pa-
tients. Heart rate response to low-grade exercise was
markedly enhanced in the 4 patients assessed by exer-
cise test, achieving a heart rate between 130 and 160
beats per minute (stage I Bruce protocol). Heart rates
during tachycardia documented by Holter recordings in
all patients varied between 140 and 185 beats per
minute (Fig 1). Heart rate ranges during Holter record-
ings and heart rate response to head-up tilt and exercise
treadmill are summarized in Table 1.

Autonomic Function Tests

Results of the autonomic function tests are shown in
Table 2.

Sympathovagal Balance

Sympathovagal balance to the sinus node expressed
as the LF/HF ratio in the supine position (2.8+0.3
versus 2.6+0.4) and after 10 minutes of upright tilt
(8.7x1.3 versus 8.5+0.8) did not differ between control
subjects and IST patients (P=NS).

Cold Face Test

The cardiovagal reflex was markedly abnormal in all
patients (Table 2). Minor changes in percent heart rate
were achieved: 6.3%2,1% in IST patients versus
24+8.5% in control subjects (P<.001), suggesting an
impaired response of the sinus node to vagal stimulation.

Isoproterenol Sensitivity Test

B-Adrenergic hypersensitivity was observed in all
patients. Dose-response curves showed an increased
sensitivity to incremental dosages of isoproterenol (Fig
2). Similarly, CD,s was distinctively lower in IST pa-
tients than the mean dose required to achieve the same
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TaeLe 1. Heart Rate Characteristics
Awk Av Asl Av HR Rng HRS, HRT HRT BPS, BPT, ET-HR
Patlent HR HR (24 h) bpm (1 min) (5 min) mm Hg mm Hg (1 min)
1 83 74 565-182 78 120 134 110/70 115/75 NA
2 74 68 58-140 68 130 140 120/85 125/88 125
3 78 70 62-145 78 110 118 103/68 110/75 118
4 84 76 58-168 88 145 154 108/62 115/72 128
5 94 88 70-155 96 140 155 105/72 110/78 134
6 105 94 88-185 106 152 164 105/80 110/88 NA

Asl indicates asleep; Av, average; Awk, awake; bpm, beats per minute; BPS, blcod pressure supine; BPT, blood pressure tilt; ET. -HR,
exercise treadmill heart rate; HR, heart rate; HRS, heart rate supine; HRT, heart rate tilt; NA, not available; and Rng, range.

end point in healthy control subjects (0.29+0.10 g in
IST patients versus 1.27+0.4 ug in control subjects,
P<.001).

Intrinsic Heart Rate

IHR observed was remarkably higher (2 SD) than
predicted in all patients (Fig 3). Despite complete
autonomic denervation, response of the sinus node was
significantly increased.

Therapy

All patients received propranolol (160 to 320 mg) or
atenolol (100 to 200 mg) daily. Patients were followed
for a period of 4 to 8 months. Only one patient (patient
6) persisted with IST. At electrophysiological study,
sinus tachycardia at a rate of 145 beats per minute was
induced by an isoproterenol infusion at a rate of 0.5
pg/min. A high to low atrial activation pattern originat-
ing in the area of the sinus node was documented.
Earliest site of activation was mapped to the high
posterolateral right atrium below the superior vena cava
and right atrial junction. Atrial activation at this site
preceded the surface P wave by 25 milliseconds, with the
latest activation site recorded in the low lateral right
atrium. Tachycardia was neither induced nor termi-
nated by critically timed atrial extrastimuli or atrial
pacing. Twenty radiofrequency energy applications
were delivered to this area at a power leve! of 15 to 25
W, with a duration ranging between 30 and 60 seconds.

TAaBLE 2. Autonomic Function Tests

Radiofrequency energy application at this site was
associated with transient sinoatrial exit block and junc-
tional rhythm at the end of the procedure. Normal sinus
rhythm was restored 48 hours after the procedure. After
ablation, autonomic function tests demonstrated a nor-
mal B-adrenergic response and an IHR of 103 beats per
minute compared with 140 beats per minute before
ablation. Power spectral analysis of heart rate variability
in the supine position and during 60° tilt remained
unchanged. In contrast, CFT showed a tendency toward
normalization (5.1% before ablation versus 12% after
ablation). A 48-hour Holter monitor assessed 3 months
after ablation documented resting heart rates ranging
between 38 and 128 beats per minute. The patient has
remained free of tachycardia for over 10 months.

Discussion

IST is a rare cause of supraventricular tachycardia
that may be associated with incapacitating symptoms
requiring aggressive therapy.* IST may be related to
one or a combination of the following mechanisms: (1)
ectopic atrial focus in the sinus node region, (2) normal

. sinus node with increased sympathetic tone or failure to

respond to vagal stimulation, or (3) intrinsic abnormal-
ity of the sinus node. The present study explored the
role of autonomic balance in 6 patients meeting clinical
criteria for IST.14

Sympathovagal balance at rest and after upright tilt
was evaluated by power spectral analysis of heart rate

IHR
Patlent Age, y LF/HF S: T Pr Obs NR, bpm CFT, %HR CDgs, ug
1 23 2.6:8.1 100 125 84-116 2.4 0.50
2 38 2.4:82 96 122 80-112 8.8 0.25
3 23 2.6:8.3 104 134 88-120 8.5 0.25
4 28 2.8:8.5 101 125 85-117 7.2 0.25
5 26 3.2:9.8 103 130 87-119 5.8 0.25
6 24 2.2:84 104 140 88-120 5.1 0.25
Mean 27+5 2.6:8.5 101 129 R 6.3+2.1 0.29+0.1
Control subjects 29+6 2.8:8.7 24.2+8.5 1.27+04

bpm indicates beats per minute; CD,s, chronotropic dose 25; CFT, cold face test; HR, heart rate; IHR, intrinsic heart rate;
LF/HF, low-frequency/high-frequency ratio; NR, normal heart rate range; Obs, observed heart rate; Pr, predicted heart rate;

S, supine position; and T, upright tilt.
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Fia 2. lsoproterenol dose-response curves for each patient are
shown. Increased sensitivity to each individual dose was noted

when compared with control subjects (broken line, n=15), BPM
Indicates beats per minute; HR, heart rate.

variability. Previous reports have established the reli-
ability of this method in assessing the autonomic bal-
ance to the sinus node.S1* Sympathovagal balance,
assessed by the LF/HF ratio both in the supine position
and during upright tilt, was within normal ranges. These
findings indicate that altered sympathovagal balance to
the sinus node is not a major factor in the genesis of this
tachycardia.

The sinus node response to B-adrenergic stimulation
was markedly enhanced. Similarly, a markedly de-
pressed cardiovagal response was noted in all patients.
This finding suggests that the response to efferent vagal
stimulation of the sinus node is impaired or that the
integrity of the cardiovagal reflex is altered. The latter
explanation appears to be unlikely given the fact that we
observed normal sympathovagal balance both in the
supine and upright positions, suggesting that the integ-

150+
140 4

130

HR BPM

80
Pre Obs

Fia 8. Line plot: Intrinsic heart rate. Predicted (Pre) and ob-
served (Obs) Intrinsic heart rates (HR) in each patient are shown.
The predicted heart rate range and upper heart rate limit are
indicated by the standard deviation (+2 SD) bar and dashed
line, respectively, for all the patients. Intrinsic heart rate was
increased in all patients. BPM indicates beats per minute.

rity of the baroreceptor reflex response is preserved.
Impaired response of the sinus node to efferent vagal
stimulation may enhance B-adrenergic sensitivity lead-
ing to increased sinus node response.

A striking increase in IHR was observed in all patients.
Heart rate in the pharmacologically denervated heart
reflects the intrinsic sinus node rate.18 This suggests
that the mechanism leading to tachycardia in our patients
was related to a primary sinus node abnormality result-
ing in a high IHR. Enhanced sinus node automaticity was
potentiated by B-adrenergic hypersensitivity and im-
paired response to vagal stimulation. ‘

Bauernfeind et al* described the effects of autonomic
modulation in 7 patients with “idiopathic chronic sinus
tachycardia.” The mechanism of increased sinus node
response was related to alterations in either sympathetic
(2 patients) or vagal control of resting heart rate (5
patients) associated with abnormalities of IHR in some
patients. These findings agree with our study. However,
we were unable to demonstrate an alteration in resting
control of heart rate. This disparity may be attributed to
several alternative explanations. Bauernfeind’s patients
had a history of chronic sinus tachycardia with in-
creased resting heart rate documented in all cases in
contrast to only one patient in our series, The duration
of symptoms was also distinctively different, with a mean
duration of 6 years in Bauernfeind’s series compared
with 10 months in our series. Interestingly, the only
patient of our series with increased resting heart rate
reported a symptom duration of 3 years. It is therefore
possible that the increased resting heart rate reported in
Bauernfeind’s series is related to the chronicity of
symptoms, representing one end of the spectrum of IST.
On the other hand, this discrepancy may be related to
the method chosen to determine autonomic balance of
heart rate at rest. Bauernfeind et al determined changes
in heart rate to pharmacological interventions (atro-
pine/propranolol), and this may not reflect sympathova-
gal balance to the sinus node.!® Beat-to-beat variability
of heart rate assessed by power spectral analysis pro-
vides an accurate estimate of the sympathovagal balance
of the resting heart rate as well as during orthostatic
stress.s-11

Schondorf and Low? and Fouad et al?! have recently
described a remarkably similar disorder predominantly
observed in young women with otherwise normal
hearts. Postural orthostatic tachycardia syndrome is
characterized by a normal resting heart rate and exag-
gerated postural sinus tachycardia of 40 to 60 beats per
minute elicited by upright tilt in the absence of ortho-
static hypotension.202! Increased B-adrenergic sensitiv-
ity comparable to that reported in this series has also
been reported.?! Similarly, respiratory sinus arrhythmia,
which is an index of resting vagal efferent traffic, was
normal in 16 patients with postural orthostatic hypoten-
sion.” The striking clinical and functional similarities
shared between IST, postural orthostatic tachycardia,
and chronic nonparoxysmal sinus tachycardia syn-
dromes raise the possibility that these disorders repre-
sent the spectrum of a homogeneous disease process.
However, the possibility that these syndromes represent
a heterogeneous disorder cannot be ruled out.

Patients with IST are usually controlled by medical
therapy with B-blockers. However, some may develop
intolerable adverse effects or may be refractory to
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medical therapy. Nonpharmacological therapy includes
subtotal right atrial surgical exclusion.# More recently,
mechanical or chemical occlusion of the sinus node
artery has been reported.22 Radiofrequency catheter
ablation of the sinus node area was performed in one
patient refractory to medical therapy. Junctional
thythm was observed for a period of 48 hours, and sinus
rhythm was restored thereafter. This patient has re-
mained free of symptoms despite recovering sinus
rhythm. The explanation for this phenomenon is un-
clear. It is possible that ablation of a critical number of
pacemaker cells involved in the development and main-
tenance of sinus tachycardia was achieved. Recovery of
sinus rhythm after 48 hours of junctional rhythm may be
due to resolution of edema induced by radiofrequency
energy. Recently, modification of sinus node function by
graded epicardial laser radiation has been reported in a
dog model resembling IST.23 Widespread distribution of
the atrial pacemaker complex has been documented in
dogs and humans.2%25 It is possible that restoration of
normal sinus rhythm in our case may be due to shifting
of the atrial pacemaker complex to an alternate area in
the vicinity of the sinus node.

Study Limitations

Electrophysiological studies were not performed in
all patients. Nonetheless, all patients fulfilled the clini-
cal criteria for IST, and electrophysiological study has
not been shown to be helpful in elucidating the mech-
anism of this arrhythmia in previous studies.* Further-
more, the response to autonomic tests would be unlikely
in subjects with sinus node reentry or atrial tachycardia.
However, it is impossible to rule out the presence of an
abnormal ectopic atrial focus in the vicinity of the sinus
node.

These data suggest that the mechanism leading to IST
is related to a primary sinus node abnormality resulting
in high IHR, potentiated by a depressed cardiovagal
reflex and B-adrenergic hypersensitivity.
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