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Abstract

Background—Postural Tachycardia Syndrome (POTS) induces disabling chronic orthostatic
intolerance with an excessive increase in heart rate (HR) upon standing. Beta-blockade is an
appealing treatment approach, but there are conflicting preliminary reports. We tested the hypothesis
that propranolol will attenuate the tachycardia and improve symptom burden in patients with POTS.
In Protocol #1, a low dose (20mg) was compared to placebo, and the dose response was assessed in
Protocol #2.

Methods and Results—In Protocol #1, patients with POTS (n=54) underwent acute drug trials
of propranolol 20 mg orally and placebo, on separate mornings, in a randomized crossover design.
Blood pressure, HR and symptoms were assessed while seated and after standing for up to 10 minutes
prior to, and hourly, following study drug. Supine (P<0.001) and standing (P<0.001) HR were
significantly lower following propranolol compared to placebo. The symptom burden improvement
from baseline to 2 hours was greater with propranolol than placebo (median: —4.5 arbitrary units [au]
vs. 0 au; P=0.044). In Protocol #2, 18 patients with POTS underwent similar trials of high dose (80
mg) vs. low dose (20 mg) propranolol. Although high dose elicited a greater decrease than low dose
on standing HR (P<0.001) and orthostatic tachycardia (P<0.001), the improvement in symptoms at
2 hours was greater with low dose propranolol (—6 au vs. —2 au; P=0.041).

Conclusions—Low dose oral propranolol significantly attenuated tachycardia and improved
symptoms in POTS. Higher dose propranolol did not further improve, and may worsen, symptoms.
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INTRODUCTION

METHODS

Subjects

Postural tachycardia syndrome (POTYS) is a disorder of chronic orthostatic intolerance that
disproportionately affects women of childbearing age. It is characterized by symptoms
(including palpitation, lightheadedness, chest discomfort, shortness of breath, blurred vision,
and mental clouding) that occur during standing, but resolve with sitting or lying down 13, A
most striking feature of this disorder is the excessive increase in heart rate (HR) that occurs
upon standing in the absence of hypotension 4. Many patients with POTS have increased
sympathetic nervous system tone measured with direct nerve recordings ° or biochemically
with an elevated plasma norepinephrine on standing 8. POTS is associated with a very poor
quality of life and significant functional disability °; there are a paucity of effective therapies.
Due to the striking tachycardia that is central to this disorder, these patients are often referred
to cardiologists for diagnosis and treatment.

Given that excessive tachycardia is a cardinal feature of this syndrome, a logical treatment
strategy would be to reduce the HR with beta-adrenergic blockade. Beta-blockers have been
reported to improve symptoms in case-reports 19 11 and open-label studies 12 13 and can
decrease plasma norepinephrine levels in a hyperadrenergic state 14. Unfortunately, in
experimental models of orthostatic intolerance, neither propranolol 15 16 nor esmolol 17 were
found to improve orthostatic tolerance. One reason for the limited effectiveness of beta-
blockade might be that patients with POTS have a low stroke volume and might require an
elevated HR in order to maintain their cardiac output 18. Conversely, a lower HR might allow
for improved cardiac filling and increase the stroke volume.

Given the conflicting data regarding the effectiveness of beta-blockers in POTS, we conducted
an acute single-blind cross-over trial to test the hypothesis that low dose propranolol would
reduce orthostatic tachycardia and improve upright symptoms in patients with POTS. After
the initial study, we conducted a second protocol to test the hypothesis that a higher dose of
propranolol would be more effective in controlling HR and improving symptoms than a lower
dose of propranolol in patients with POTS.

Patients referred to the Vanderbilt University Autonomic Dysfunction Center with postural
tachycardia syndrome (POTS) between November 2003 and September 2008 were candidates
for inclusion in this study. Patients were recruited for Protocol #1 (see Drug Trials below)
during the entire time interval, and for Protocol #2 between January 2007 and September 2008.
Individual patients were eligible to participate in both protocols. Patients met criteria for POTS
1,4, 19 jn that they developed symptoms of orthostatic intolerance accompanied by a HR rise
> 30 min~1 within the first 10 minutes of standing, in the absence of orthostatic hypotension
(a fall in blood pressure [BP] > 20/10 mmHg). All patients had at least a 6-month history of
symptoms in the absence of an additional chronic debilitating disorder or prolonged bed rest,
were at least 18 years of age, were free of medications that could impair autonomic tone 1 and
were not taking fludrocortisone for at least 5 days prior to testing. The Vanderbilt University
Investigational Review Board approved this study and written informed consent was obtained
from each subject prior to initiating the study. The data reported are a part of “The Treatment
of Orthostatic Intolerance” study, which is registered with www.Clinical Trials.gov
(NCT00262470).
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Study Diet and Baseline Characterization

Drug Trials

Symptoms

Study investigations were performed in the Elliot V. Newman Clinical Research Center at
Vanderbilt University. For at least 3 days prior to testing, subjects consumed a diet containing
150 mEq sodium/day and 70 mEq potassium/day. Chronic medications were discontinued 5
half-lives before the study. Fludrocortisone has an elimination half-life of 3.5 hours 20, but this
was discontinued for at least 5 days. The diet was free of caffeine-containing beverages. HR,
systolic BP (SBP), diastolic BP (DBP), and fractionated plasma catecholamines were assessed
after overnight rest in the supine position and again after standing up to 30 minutes (as tolerated)
as part of baseline characterization. For catecholamine measurements, blood was collected in
plastic syringes, immediately transferred to chilled vacuum tubes with sodium heparin (BD,
Franklin Lakes, NJ, USA) and placed on ice. Plasma was separated by centrifugation at —4°C
and stored at —70°C in collection tubes with 6% reduced glutathione (Sigma-Aldrich Inc., St.
Louis, MO, USA) until the assay was performed. Concentrations of norepinephrine and
epinephrine were measured by batch alumina extraction followed by high performance liquid
chromatography for separation with electrochemical detection and quantification 21, Plasma
norepinephrine and epinephrine values are reported in SI units. To convert from nmol/l to the
more conventional pg/ml, multiply by 169.18 for norepinephrine (1 nmol/l = 169.18 pg/ml) or
by 183.2 for epinephrine (1 nmol/l = 183.2 pg/ml).

All drug trials were started in the morning at least 2 hours after breakfast (to avoid any acute
hemodynamic effects from eating) in a post-void state. In protocol #1, the patients with POTS
were given a tablet of propranolol 20 mg (Mylam Pharmaceuticals, Morgantown VW) or
placebo in a randomized single-blind, cross-over fashion on separate days. This strength of
propranolol represents a low dose. Placebo was prepared by the Vanderbilt Investigational
Drug Services. The patients were seated comfortably in a chair for the duration of the data
collection except during the prescribed periods of standing. Brachial cuff BPs and HRs were
measured using an automated vital signs monitor (Dinamap Vital Signs Monitor™, Critikon
Corp) and digitally acquired into a custom designed database (Microsoft Access, Microsoft
Corporation, Redmond Washington). Immediately before, and every hour for 4 hours following
study drug administration, each patient was asked to stand for 10 minutes while their standing
HRs and BPs were recorded. The degree of orthostatic stress is not as great when standing from
a seated position compared with standing from a supine position. While conducting the study
while seated might decrease the magnitude of the orthostatic tachycardia, it does provide a
clinically relevant and reproducible scenario.

In protocol #2, a high dose (80 mg) was compared to a low dose (20 mg) of propranolol (Mylam
Pharmaceuticals, Morgantown VW) in a randomized single-blind, cross-over fashion on
separate days, with study endpoints as in protocol #1.

Patients were asked to self-report their symptom burden immediately before, and at 2 and 4
hours following study drug administration using the Vanderbilt POTS Symptom Score 6. The
patients were asked to rate the severity of 9 symptoms on a 0-10 scale (with O reflecting an
absence of symptoms). The sum of the scores at each time point was used as a measure of
symptom burden. The 9 symptoms were: mental clouding, blurred vision, shortness of breath,
rapid heart beat, tremulousness, chest discomfort, headache, lightheadedness, and nausea. This
symptom score has been previously used by our center 8 and the symptoms were chosen as
they reflect common complaints of patients with POTS.

Individual missing hemodynamic data points were interpolated by taking the within-individual
mean for the parameter at the data point for the hour immediately before and immediately after
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the missing data point. Hemodynamic data was not interpolated if either the baseline or 4 hour
(final) value was missing, or if more than 1 consecutive hourly data point was missing. Only
patients with paired sets of complete hemodynamic datasets (after interpolation) were included
in these analyses.

Statistical Analysis

Our primary endpoint was the change in HR upon standing from a seated position (delta HR)
2 hours after study drug administration. The 2-hour time point was chosen because the peak
effect of propranolol occurs at 90 minutes following a dose 22. We hypothesized that the 2-
hour delta HR and 2-hour change in symptom score would be significantly lower on the
propranolol day than the placebo day (Protocol #1). We used a 2-tailed paired t-test that
compared the delta HR 2 hours after propranolol and placebo administration, respectively.

Repeated-measures analysis of variance (ANOVA) was used to compare HR, SBP, DBP and
symptom scores over time on both the propranolol and placebo days. Repeated measures
ANOVA was performed using a generalized estimating equation model with an identity link
function and a normal random component. The Huber-White sandwich estimator was used to
estimate the variance-covariance matrix of the model’s parameters. Confidence intervals for
the difference in patient responses to propranolol and placebo were derived from these models.
Tests for day-treatment interactions were performed using Wald tests of the appropriate
interaction terms, and no significant day-treatment interactions were found.

The van Elteren test was used to assess differences in symptom scores of patients on propranolol
and placebo stratified by time since baseline evaluation. As symptom score data were not
normally distributed, paired comparisons between groups were performed using the non-
parametric Wilcoxon signed-ranks test.

A similar data analysis plan was used for protocol #2. We hypothesized that the 2-hour delta
HR and 2-hour change in symptom score would be significantly lower on the high dose (80
mg) propranolol day than the low dose (20 mg) propranolol day. Further, the changes in the
individual component symptoms over 2 hours following each dose of propranolol were
assessed with a paired t-test to determine if the change was different from 0.

Values are reported as means and standard deviation (SD) unless otherwise noted. Total
Symptoms Scores are reported as median (25" percentile, 75! percentile). Probability (P)
values of <0.05 were considered statistically significant, and all tests were two-tailed.
Statistical analyses were performed with SPSS for Windows (version 16.0, SPSS), with the
exception of the Generalized Estimating Equation and the van Elteren test which were
performed with Stata Statistical Software (Release 10, StataCorp LP). Prism for Windows 4
(version 4.02, GraphPad Software Inc.) was used for graphical presentation.

RESULTS

Patient Characteristics

Demographic data and supine and standing parameters for each protocol are presented in Table
1. Inprotocol #1 (propranolol vs. placebo), 54 subjects with POTS had complete paired datasets
suitable for analyses, as did 18 subjects in protocol #2 (propranolol 80 mg vs. propranolol 20
mg). As expected, subjects in both protocols were predominantly female with a mean age of
33-34 years.

Supine HR and BP were comparable in both protocols and supine plasma norepinephrine and

epinephrine values were within the normal range in both groups (norepinephrine <2.81 nmol/
| [<475 pg/ml] and epinephrine <0.41 nmol/l [<75 pg/ml]). On standing, there was a marked
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increase in HR (Protocol#1: 122+26 min~1, P<0.001; Protocol #2: 130+29 min~1, P<0.001)
and norepinephrine (Protocol#1: 4.94+3.35 nmol/l, P<0.001; Protocol#2: 3.93+2.21 nmol/l,
P=0.015) compared with respective supine values. The DBP also increased on standing
(Protocol#1: 68+8 mmHg supine vs. 74+14 mmHg standing, P=0.001; Protocol#2: 70+11
mmHg supine vs. 79£16 mmHg standing, P=0.031). The mean differences and standard
deviation of the mean differences are shown in Table 1.

Seated and Standing HR and BP Measurements with Propranolol 20mg vs.

The summary of data from protocol #1 is presented in Table 2 and Figure 1. Standing HR prior
to study drug administration was not different between placebo and propranolol 20mg (117
+19 min~1 vs. 114417 min~1; P=0.199; Fig 1a). Standing HR started to decrease by 1 hour
post study drug in both groups, the first assessment post-baseline. Compared to placebo,
propranolol 20mg effected a lower standing HR at 1 hour (90+13 min1 vs. 110+18 min1;
P<0.001), and this difference was maintained at P<0.001 for the 4 hours following study drug
administration. When the effect of propranolol 20mg vs. placebo on standing HR was analyzed
over time, there was a significant difference in response based on study drug (P<0.001).
Standing SBPs were similar at baseline for propranolol 20mg (110+17 mmHg) and placebo
(110+18 mmHg; P=1.0). By 1 hour post study drug, propranolol 20mg had significantly
lowered the standing SBP compared with placebo (102+15 mmHg vs. 109+14 mmHg;
P=0.009; Fig 1d), and it remained significantly lower for 3 hours post study drug. When
analyzed over time, standing SBP was lowered more with propranolol 20mg than placebo
(P=0.001). Standing DBPs were similar at baseline, but were lowered more with propranolol
20mg than placebo (P=0.037) (all DBP data are presented in Supplemental Table 1).

Immediately prior to administration of the study drug, there was no difference in seated HR
between the placebo day (87+12 min~1) and propranolol day (87+13 min~1; P=0.977; Fig 1b).
Seated HR at 1 hour decreased significantly with propranolol 20mg (84+14 min~1) compared
with placebo (74+12 min~1; P<0.001), and remained significantly lower for the 4 hours of
follow-up. A RM ANOVA model also found that seated HR was lower over time following
the propranolol 20mg (P<0.001). Seated SBPs were similar at baseline for propranolol 20mg
(104+13 mmHg) and placebo (106+14 mmHg; P=0.249). By 2 hours post study drug,
propranolol 20mg had significantly lowered seated SBP compared with placebo (98+11 mmHg
vs. 107+15 mmHg; P=0.001; Fig le), and it remained significantly lower up to 4 hours post
study drug. When analyzed over time, seated SBP was lowered more with propranolol 20mg
than placebo (P=0.002). Seated DBP was lowered more with propranolol 20mg than placebo
(P<0.001), when analyzed over time

Prior to study drug administration, the POTS patients had a large acute postural increase in HR
with standing from a seated position (delta HR), a cardinal hemodynamic feature of the
syndrome (propranolol 20mg day 27+16 min~1 vs. placebo day 30+16 min~1; P=0.193; Fig
1c). Delta HR decreased in both groups, but significantly more at 1 hour following propranolol
20mg (16+11 min™1) than placebo (26217 min~1; P=0.004), and remained significantly lower
with propranolol at each hour during follow-up (the primary study endpoint was delta HR at
2 hours following study drug [P=0.033]). When analyzed over time, there was a trend to a
lower delta HR following propranolol 20mg than placebo (P=0.076). There was a similar non-
significant effect of propranolol on delta SBP compared with placebo (P=0.057; Fig 1f). There
was no difference in delta diastolic pressure between the 2 groups over time (P=0.148).

Comparison of Low-Dose Propranolol (20mg) vs. High Dose Propranolol (80mg)

The summary of the data from protocol #2 can be found in Table 3 and Figure 2. Standing HR
prior to study drug administration was not different between low dose and high dose

Circulation. Author manuscript; available in PMC 2010 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Raj et al.

Symptoms

Page 6

propranolol (116+20 min~1 vs. 121420 min~1; P=0.366; Fig 2a). Standing HR at 1-hour was
lower with high dose (8412 min™1) than low dose propranolol (93+15 min~1; P<0.001), and
this significant difference persisted through the 4 hour follow-up. When the effect of
propranolol dose on standing HR was analyzed over time, there was a significantly lower HR
with high dose propranolol (P<0.001). Standing SBPs were similar at baseline for both low
dose (108+18 mmHg) and high dose propranolol (104+17 mmHg; P=0.216; Fig 2d). Although
standing SBP following propranolol decreased for both low dose and high dose, this was
significantly greater for the high dose (P<0.001). Standing DBP was not different between
doses at baseline, and although there was a slight trend to a lower DBP with high dose
propranolol, this was not statistically significant (P=0.080).

Seated HR was not significantly different between high dose and low dose propranolol at any
time point or when analyzed over time (P=0.981; Fig 2b). Seated SBPs were similar at baseline
for high dose (105+11 mmHg) and low dose propranolol (103£12 mmHg; P=0.604; Fig 2e).
When analyzed over time, the effects of propranolol dose over time on seated SBP was not
statistically significant (P=0.347). Seated DBP was not different between doses at baseline,
and although there was a slight trend to a lower DBP with high dose propranolol, this was not
statistically significant (P=0.125).

Prior to study drug administration, there was a trend toward a larger change in HR with high
dose propranolol (37+14 min™1) than low dose propranolol (30+14 min~1; P=0.052; Fig 2c).
While delta HR decreased in both groups, it was significantly lower at 1 hour following high
dose propranolol (13+7 min~1) than low dose propranolol (19+7 min~1; P=0.001), and
remained significantly lower with high dose propranolol (at P<0.002). The primary endpoint
in this protocol was delta HR at 2 hours following study drug (High Dose: 1246 min~1 vs. Low
Dose: 19+10 min~1;P<0.001). When analyzed over time, the orthostatic increase in HR was
significantly lower following high dose propranolol than low dose propranolol (P<0.001). The
effect of propranolol dose on orthostatic change in SBP did not achieve statistical significance
(P=0.052; Fig 2f). There were no differences in orthostatic changes in DBP by the propranolol
dose.

In Protocol #1, the symptom scores were completed for both propranolol and placebo by 36
patients with POTS, who comprised the analysis pool. Data are shown in Table 2 and Fig 3a.
There was no difference in total symptom scores at baseline between the propranolol day and
the placebo day. The decrease in total symptom burden from baseline to 2 hours post study
drug was significantly greater with propranolol 20mg than placebo (—4.5 [-14.5, 0] arbitrary
units [au] vs. 0 [-3, 2] au; P=0.044; Fig 3a). When analyzed over the entire 4 hours, the total
symptom burden was significantly lower following propranolol than placebo (P=0.045).
Propranolol decreased each component symptom more than placebo (Figure 4). Exclusive of
palpitation, a major symptom in POTS, there was a non-significant trend towards an
improvement in symptoms with low dose propranolol (P=0.096).

In Protocol #2, all 18 patients completed the symptom scores at baseline and 2 hours post
propranolol dose, but only 16 patients completed the 4 hour symptom score. Both low dose
and high dose propranolol lowered total symptoms over time (Table 3), but there was no
significant overall difference in symptom burden between low vs. high dose propranolol
(P=0.527). In contrast to the effect of propranolol dose on HR response, the decrease in total
symptom burden from baseline to 2 hours post study drug was significantly greater with low
dose (20mg) propranolol than high dose (80mg) propranolol (—6 [-21.5, —2.5] auvs. —2[-12.5,
1.5] au; P=0.041; Fig 3b).
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In order to better understand the contribution of changes to the individual component symptoms
to the overall improvement in symptoms score with propranolol, the 2 hour change in score
for each of the 9 component symptoms were compared to a reference change of 0 (presented
in Supplemental Table 2 for both low and high dose propranolol). Palpitation and
tremulousness decreased significantly with both high and low dose propranolol while chest
pains, headache, nausea and visual disturbance did not change significantly with either dose
of propranolol. Interestingly, 3 symptoms (lightheadedness, mental clouding and shortness of
breath) improved significantly only with low dose (20mg) propranolol, but not with high dose
(80mg) propranolol.

DISCUSSION

This paper is the first placebo controlled trial of a beta-blocker in patients with POTS. We
found that: (1) low doses of propranolol significantly decreased the standing HR and orthostatic
tachycardia of patients with POTS acutely compared to placebo, and that this was associated
with a symptomatic improvement; (2) higher dose propranolol (more complete beta-blockade)
can further restrain HR and orthostatic tachycardia but does not further improve symptoms in
patients with POTS; and (3) some symptoms (mental clouding, lightheadedness and dyspnea)
improved after patients received low dose propranolol, but not after they received higher dose
propranolol.

Acute Hemodynamic Arguments Against Propranolol are Incorrect

Hemodynamic arguments can be made both for why beta-adrenergic receptor blockers, such
as propranolol could be beneficial or deleterious in patients with POTS. At its most basic level,
the disorder is associated with a sometimes striking increase in HR in response to upright
posture. It has been recognized for many years that beta-blockade will lower HR. The value
of controlling HR, however, will depend on whether an elevated HR is needed to maintain
hemodynamic stability. Masuki et al. 18 have reported that patients with POTS have a lower
stroke volume than healthy control subjects both at rest and in response to exercise. Their data
suggest that the excessive HR seen in patients with POTS might be required to maintain an
adequate cardiac output in the setting of a diminished stroke volume. Supporting this line of
reasoning, Stewart etal. 17 have reported that IV esmolol does not improve orthostatic tolerance
during tilt table testing in patients with POTS.

Our current data with propranolol demonstrate a marked clinical improvement acutely in
patients with POTS. While orthostatic tolerance was not formally assessed as an endpoint (since
we only asked subjects to stand for 10 minutes), the symptom scores significantly improved
with propranolol as compared to placebo. This was in the setting of a significant reduction in
HR. These data suggest that not all of the orthostatic HR increase seen in POTS is needed to
avoid a hemodynamic collapse.

Less is More: Benefits of Low Dose Propranolol

There are many anecdotal reports from our patients with POTS that they have “failed” or not
tolerated beta-blockers. Consequently the magnitude of improvement in both hemodynamics
and in reported symptoms in our first protocol comparing a low dose of propranolol to placebo
was surprising. This raised questions about whether the anecdotal patient reports related to the
use of excessive beta-blockade. We chose to compare our low dose of 20 mg of propranolol
to a high dose of 80mg, which is the highest dose available in a single tablet 22. The higher
dose of propranolol did further restrain orthostatic tachycardia in the patients with POTS, but
there was no further improvement in symptoms. In fact, the relationship between propranolol
dose and symptoms is more complicated. Some individual symptoms did improve with high
dose propranolol (such as palpitation and tremulousness; see Table 4), while other symptoms
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did not improve (lightheadedness, mental clouding, and shortness of breath). These data
suggest that symptoms in POTS are not just due to orthostatic tachycardia or an elevated HR.
One possibility is that the elevated HR does not cause symptoms directly, but that both the HR
and the symptoms are worsened by a common underlying cause (such as norepinephrine).
Another possibility is that an underlying cause worsens some symptoms directly, while other
symptoms are mediated through the elevated HR. In this case, more effective beta-blockade
might help the HR mediated symptoms, but not the other symptoms.

Propranolol is a non-selective beta-blocker with good penetration of the blood-brain barrier.
From our data, we cannot conclude whether the beneficial effects of propranolol are due purely
to its peripheral effects on the heart and vasculature or whether some of the benefits of low
dose propranolol stem from central effects in lowering sympathetic activity and hence
peripheral norepinephrine 14 (this latter effect is controversial 23). If all of the benefits are due
to peripheral actions, then other beta-blockers that do not cross the blood-brain barrier might
be preferable, as they may be less likely to cause some central adverse effects. This hypothesis,
however, remains to be tested.

Vanderbilt POTS Symptom Score

We used the Vanderbilt POTS Symptom Score to assess orthostatic symptom burden in our
patients with POTS. This score has been used in prior studies by our group 6. It involves
subjective rating by the patient at multiple time points for a number of symptoms that were
commonly reported among our patients with POTS. Since there is no objective anchor to these
symptoms, one individual’s rating may vary greatly from that of another individual (e.g. one
person’s rating of 4 may reflect more severe symptoms than another person’s rating of 6). Like
serial chest pain rating scales, however, we expect serial intrapatient reports to use a more
constant frame of reference. This is one reason that all of our symptom-based analyses were
done using paired comparisons within an individual. There are historical disease-specific
(Orthostatic Grading Scale 24) and general health-related quality of life tools available (SF-36
25 or EurQol 26), but these are not designed for acutely repeated assessments over hours, as
were done in these protocols.

Clinical Significance

Limitations

These are the first blinded data comparing oral beta-blocker therapy to placebo in POTS. Low
doses (20 mg) of propranolol were very effective in reducing HR and orthostatic tachycardia
in patients with POTS. This is physiologically noteworthy. Of more clinical importance,
however, is that low doses of propranolol also significantly improved symptom burden in these
patients. The clinician should be careful not to be too aggressive by targeting complete beta-
blockade as this may not further improve symptoms, and may paradoxically worsen some
symptoms. The findings from this controlled study match our clinical experience. Many of our
patients are clinically prescribed propranolol 10-20 mg per dose, and most patients tolerated
this dose quite well.

Our studies were conducted with the patient and the principal investigator blind to study drug
order until after an individual’s study completion, but the research center nurse was not blind
to the intervention. The study was thus single-blind, and not double-blind. It is noteworthy,
however, that the research center nurse did not directly collect the data presented in this report.
The hemodynamic data were collected by an automated oscillometric BP cuff that was
connected to a personal computer for digital data collection, and the symptoms were all self-
reported by the blinded patient.
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Another limitation of this study is the relatively small sample of patients in protocol #2,
although it is comparable to other reported POTS trials. The sample size in protocol #1 is, in
fact, quite large by the standard of interventional trials in POTS.

The short duration of follow-up in this study (4 hours) makes it difficult to intelligently project
the long-term efficacy of this treatment. While our anecdotal clinical experience is that low
dose propranolol is well tolerated in this patient population, a longer duration clinical trial
would be required in order to show chronic efficacy.

We have found that low dose propranolol is a highly effective agent in acutely decreasing the
orthostatic tachycardia and improving symptoms in patients with POTS. Symptoms did not
further improve with higher doses of propranolol, suggesting that caution should be used by
clinicians in titrating up the propranolol dose.

Clinical Summary

Postural tachycardia syndrome (POTS) is a disorder of chronic orthostatic intolerance that
disproportionately affects women of childbearing age. It is characterized by a constellation
of symptoms that occur during standing, but resolve with sitting or lying down. A most
striking feature of this disorder is the excessive increase in heart rate that occurs upon
standing in the absence of hypotension. Given the striking tachycardia, beta-adrenergic
blockers would seem like ideal treatments, but prior anecdotal and experimental experience
has been disappointing. We report the first placebo controlled trial of propranolol in POTS.
A low dose of propranolol (20 mg) acutely decreased heart rate and orthostatic tachycardia
and improved the orthostatic symptoms in patients with POTS. A higher dose of propranolol
(80 mg) elicited more complete beta-blockade with a further lowering of heart rate, but did
not further improve symptoms, and may have made some symptoms worse. These data
suggest that while low doses of propranolol are of benefit in POTS, that higher doses might
be counter-productive. These data also offer a potential explanation for the conflicting prior
results of beta-blockers in POTS.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Seated, standing and orthostatic changes in heart rates and blood pressures before and
after propranolol 20mg vs. placebo (Protocol #1)

Heart rate (HR) and systolic blood pressure (SBP) data are presented immediately before (pre),
and hourly for 4 hours (4H) following study drug administration for the propranolol 20mg day
(“Prop 207; solid circles) and the placebo day (open squares). Peak HR after standing for a
maximum of 10 minutes (Fig 1A), seated HR immediately before standing (Fig 1B) and the
changes in HR from sit to stand (Fig 1C) are shown in the top 3 panels. Similarly, the data for
standing SBP (Fig 1D), seated SBP (Fig 1E) and the changes in SBP from sit to stand (Fig 1F)
are shown in the bottom 3 panels. The error bars represent the standard error of the mean. The
ANOVA P values are presented for the overall effect of the study drug over time. bpm — beats
per minute; mmHg — millimeters of mercury.
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Figure 2. Seated, standing and orthostatic changes in heart rates and blood pressures before and
after Low Dose (20mg) Propranolol vs. High Dose (80mg) Propranolol (Protocol #2)

Heart rate (HR) and systolic blood pressure (SBP) data are presented immediately before (pre),
and hourly for 4 hours (4H) following study drug administration for the propranolol 20mg day
(“Prop 207; solid circles) and the propranolol 80mg day (“Prop 80”; open triangles). Peak HR
after standing for a maximum of 10 minutes (Fig 1A), seated HR immediately before standing
(Fig 1B) and the changes in HR from sit to stand (Fig 1C) are shown in the top 3 panels.
Similarly, the data for standing SBP (Fig 1D), seated SBP (Fig 1E) and the changes in SBP
from sit to stand (Fig 1F) are shown in the bottom 3 panels. The error bars represent the standard
error of the mean. The ANOVA P values are presented for the overall effect of the study drug
over time. bpm — beats per minute; mmHg — millimeters of mercury.
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Figure 3. Change in symptoms with study medication

The changes in the total Vanderbilt POTS symptom score (in arbitrary units [au]) are presented
from immediately before to 2 hours following study drug administration. Panel A shows the
changes for Protocol #1, with data for the propranolol 20mg day (solid black) and the placebo
day (black dots) for the 36 subjects that completed symptom reporting for both interventions.
Panel B shows the changes for Protocol #2, with data for the propranolol 20mg day (solid
black) and the propranolol 80mg (checkered) for the 18 subjects. A negative score reflects a
reduction in symptom burden. The error bars represent standard error of the mean. The P value
was generated using a Wilcoxon rank-sum test.
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Figure 4. Changes in individual symptoms in Protocol #1
The changes in the 9 individual components of the Vanderbilt POTS symptom score (in
arbitrary units [au]) are presented from immediately before to 2 hours following study drug
administration for propranolol 20mg (solid black) and placebo (black dots). A negative number
represents an improvement in symptoms.
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Table 1
Baseline demographics, and postural vital signs and catecholamines of the subjects with Postural Tachycardia
Syndrome in the 2 protocols.
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Protocol #1 Protocol #2
(n=54) (n=18)
Female (n) 49 (91%) 16 (89%)
Age (years) 34+10 33+8
Supine
Heart Rate (min%) 76+ 13 78+13
Systolic Blood Pressure (mmHg) 110+ 12 111+ 16
Diastolic Blood Pressure (mmHg) 68 +8 70+ 10
Norepinephrine (nmol/l) 165+1.41 1.86 +£2.13
Epinephrine (nmol/l) 0.15+0.14 0.19+0.19
Standing
Heart Rate (min™Y) 122 + 26 ** 130 + 29 **
Systolic Blood Pressure (mmHg) 115+ 22 118+ 24
Diastolic Blood Pressure (mmHg) 74+ 14 * 79+16 *
Norepinephrine (nmol/1) 4.94+335 ** 3.93+2.21 *
Epinephrine (nmol/l) 0.45 +0.75 * 0.50 +1.05
Change from Supine to Standing
Heart Rate (min™%) 46 +24 52 +27
Systolic Blood Pressure (mmHg) 5+19 7+24
Diastolic Blood Pressure (mmHg) 6+13 9+15
Norepinephrine (nmol/l) 3.22+3.22 1.80 +2.64
Epinephrine (nmol/l) 0.31+0.68 0.31+0.93

Data are presented as the mean + standard deviation. Reported P values are for paired t-tests comparing supine and upright parameters.

*
P<0.05;

*:

*
P<0.001
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Table 2
Orthostatic hemodynamics and symptoms with propranolol 20mg and placebo (Protocol #1) in patients with Postural
Tachycardia Syndrome (n=54).

Pre 2 Hours Post 4 Hours Post RM ANOVA
P Value

Delta (Standing-Seated)
HR (min™)

Propranolol 20mg 27.4+16.1 154+9.1 16.3+9.4

Placebo 30.2+15.7 25.0+16.3 25.0+15.8

P value (between drugs) NS 0.033 0.028 0.076
Standing HR (min™)

Propranolol 20mg 114.0+£16.6 86.1+12.2 87.3+13.8

Placebo 116.7 £ 18.6 107.7 +19.1 108.2 +19.3

P value (between drugs) NS <0.001 <0.001 <0.001
Seated HR (min™?)

Propranolol 20mg 86.7 +13.0 70.1+114 71.1+10.6

Placebo 86.6+12.4 82.8+13.8 83.2+127

P value (between drugs) NS <0.001 <0.001 <0.001
Delta (Standing-Seated)
SBP (mmHg)

Propranolol 20mg 54+12.8 25+9.0 6.1+8.2

Placebo 35+18.3 4.6+9.6 28+125

P value (between drugs) NS NS NS 0.057
Standing SBP (mmHg)

Propranolol 20mg 109.5+16.9 100.3+11.7 105.9+12.9

Placebo 109.5+17.8 111.6 +155 110.3+17.1

P value (between drugs) NS <0.001 NS 0.001
Sitting SBP (mmHg)

Propranolol 20mg 104.0 £12.5 97.8+10.5 99.8+10.5

Placebo 106.0 £ 14.2 107.0+ 145 107.5+13.2

P value (between drugs) NS 0.001 0.005 0.002
Symptom Score (au)
[n=36]

Propranolol 20mg 17 (9, 29) 9.5 (3.75, 10 (4, 16)

16.25)
Placebo 16 (7.25, 15 (6, 28.25) 12.5 (5, 30)
28.5)
P value (between drugs) 0.385 0.012 0.007 0.035 (VE)

HR — heart rate; SBP — systolic blood pressure; au — arbitrary units; NS — not significant. For hemodynamic parameters, data are presented as mean
+standard deviation. Repeated measures analysis of variance (RM ANOVA) was used to determine the P value for the overall change between study drug

and placebo and paired comparisons were made using within model contrasts. Symptoms data are presented as median (25th percentile, 75th percentile)
and were analyzed using the van Elteren’s test (vE) overall and the Wilcoxon Signed Rank test for paired data. P<0.05 was considered significant.
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Table 3
Orthostatic hemodynamics and symptoms with low dose propranolol (20mg) vs. high dose propranolol (80mg)
(Protocol #2) in patients with Postural Tachycardia Syndrome (n=18).

Pre 2 Hours Post 4 Hours Post RM ANOVA
P Value

Delta (Standing-Seated)
HR (min™)

Propranolol Low Dose 299+14.4 19.2+98 208+9.1

Propranolol High Dose 37.2+14.4 119+6.4 12.4+58

P value (between drugs) NS <0.001 <0.001 <0.001
Standing HR (min™)

Propranolol Low Dose 116.3+20.0 89.9+145 90.9+15.0

Propranolol High Dose 120.5+20.3 78.3+85 79.1+99

P value (between drugs) NS <0.001 <0.001 <0.001
Seated HR (min™?)

Propranolol Low Dose 86.3+10.5 70.6+11.3 70.2+9.0

Propranolol High Dose 83.3+11.2 66.4+7.7 66.6 +9.0

P value (between drugs) NS NS NS 0.980
Delta (Standing-Seated)
SBP (mmHg)

Propranolol Low Dose 48+14.2 -0.6+10.9 3.8+97

Propranolol High Dose -09+155 3.0+108 -0.6+104

P value (between drugs) NS NS NS 0.052
Standing SBP (mmHg)

Propranolol Low Dose 108.1 +18.3 97.4+124 104.8 +11.3

Propranolol High Dose 103.7 £17.0 99.9+13.2 96.1+14.0

P value (between drugs) NS 0.05 NS <0.001
Sitting SBP (mmHg)

Propranolol Low Dose 103.3+11.6 97.9+10.6 101.0+9.3

Propranolol High Dose 104.6 +11.3 96.9+9.8 96.7 + 8.8

P value (between drugs) NS NS NS 0.347
Symptom Score (au)
[n=16]

Propranolol Low Dose 17.5 (8, 27.5) 7 (1.5, 13.25) 6 (3, 11.75)

Propranolol High Dose 12 (3.5, 26.5) 8(2,18) 5(1, 13.5)

P value (between drugs) NS NS NS 0.527 (VE)

SD - standard deviation; HR — heart rate; SBP — systolic blood pressure; au — arbitrary units; NS — not significant. For hemodynamic parameters, data are
presented as meanztstandard deviation. Repeated measures analysis of variance (RM ANOVA) was used to determine the P value for the overall change
between high and low doses of propranolol and paired comparisons were made using within model contrasts. Symptoms data are presented as median

(25th percentile, 75th percentile) and were analyzed using the van Elteren’s test (VE) overall and using the Wilcoxon signed-rank test for paired data.
P<0.05 was considered significant.
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