
Introduction

Many patients who experience dizziness upon shifting
from the supine to the upright posture develop
tachycardia upon standing, but have a stable blood

pressure. This disorder, the postural tachycardia
syndrome or POTS, can be diagnosed if the increment
in heart rate associated with standing is at least
28 beats per minute [14]. Some patients with ortho-
static dizziness, however, have less cardiac accelera-
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j Abstract We assessed the
potency of octreotide and mido-
drine, and their combination, in
the treatment of the postural
tachycardia syndrome (POTS) and
orthostatic intolerance (OI). Nine
patients with POTS and six
patients with OI stood for up to
1 hour while their HR and BP were
monitored. Patients received on
separate days, midodrine 10 mg
1 hour before testing, octreotide
0.9 lg/kg 8 minutes before testing
or combination therapy. Standing
time in the patients with POTS was
41.2 ± 8.4 minutes and not
improved by midodrine or octre-
otide, but increased to 56.3 ± 2.7
(P < 0.01) minutes following
combination therapy. The stand-
ing heart rate in POTS,
114 ± 0.7 bpm, was suppressed by
midodrine 92.8 ± 0.7 (P < 0.001),
octreotide 90.6 ± 0.78 (P < 0.001),
and combination therapy
84.7 ± 0.7 (P < 0.001). Combina-
tion therapy was better than
monotherapy (P < 0.001) but only
for the first 10 minutes of standing.

Standing time of 36.3 ± 3.5
minutes in the patients with OI
improved with midodrine, octreo-

tide and combination therapy
(55.5 ± 3.1, 56.5 ± 3.5, and
56.6 ± 3.3, respectively, P < 0.05
for each). Standing heart rate in OI
was 100 ± .76 bpm; following
midodrine it was 80.3 ± .69
(P < 0.05), following octreotide it
was 84.8 ± .86, and following
combination therapy it was
71.2 ± .9 (P < 0.01). The RR
interval versus time area under the
curve (The Orthostatic Index) was
21.1 ± 4 in patients with OI. After
midodrine it was 41.4 ± 3.5
(P < 0.01), after octreotide
40.3 ± 3.8 (P < 0.01) and after the
combination it was 47.3 ± 4.6
(P < 0.001).

Midodrine and octreotide sup-
pressed tachycardia in POTS and
improved standing times in OI.
The two drugs had similar poten-
cies; combination therapy was not
significantly better than mono-
therapy.

j Key words postural tachycar-
dia Æ orthostatic Æ therapy Æ
octreotide and midodrine Æ
autonomic nervous system

RESEARCH ARTICLE
Clin Auton Res (2006) 16:390–395
DOI 10.1007/s10286-006-0373-0

C
A
R
37
3

R.D. Hoeldtke, MD, PhD (&)
K.D. Bryner, MS Æ M.E. Hoeldtke, BA
Dept. of Medicine
West Virginia University
One Medical Center Drive
PO Box 9159
Morgantown (WV) 26506-9159, USA
Tel.: +1-304/293-4125
Fax: +1-304/293-2544
E-Mail: rhoeldtke@hsc.wvu.edu

G. Hobbs, PhD
Dept. of Community Medicine and
Statistics
West Virginia University
Morgantown (WV), USA



tion when upright but nevertheless develop hypo-
tension, syncope, nausea, palpitations or headaches
with prolonged standing [13]. We included these pa-
tients in the present study in the category Orthostatic
Intolerance (OI). Although these are common disor-
ders, few studies have focused on pharmacological
therapy or compared treatments. Midodrine, a di-
hydroergotamine like alpha 1 agonist and vasocon-
strictor is often used to treat these disorders and its
efficacy in POTS has been documented [3]. Some
patients cannot tolerate midodrine, however, or are
dissatisfied with its therapeutic effect. Alternative
therapies are needed and octreotide is theoretically
attractive since it is a splanchnic vasoconstrictor and
excessive splanchnic pooling has recently been doc-
umented in patients with orthostatic syncope [11] and
POTS [12, 15]. The primary purpose of this study was
to compare midodrine and octreotide with each other
and to determine whether or not octreotide is a viable
therapeutic option for patients who cannot tolerate
midodrine. The second purpose of the study was to
determine whether combination therapy was more
effective than treatment with a single drug.

Methods

j Subjects

Twenty-three patients with POTS or OI expressed interest in this
study. We included one individual (Patient 1 in Table 1) in the
POTS category who had a standing heart rate of 120 even though
she did not have a 28 bpm increment with standing. Reversible
causes of postural tachycardia and hypotension (Addison’s Disease,
dehydration, and chronic infection) were excluded. Patients with
diabetes or any uncontrolled systemic disease were excluded. Pa-

tients with a recent history of diarrhea or abdominal cramps were
excluded. The protocol was approved by the Institutional Review
Board of West Virginia University and informed consent obtained.

Patients who had never previously been treated with octreotide
were first given a test dose (0.45 lg/kg) to determine whether they
tolerated this agent. Seven patients had abdominal cramps or
diarrhea and withdrew from the study. One patient developed
headaches while treated with midodrine prior to the protocol and
withdrew. The remaining 15 participants were all female (Table 1).
Eleven of the patients had never received either midodrine or
octreotide prior to their evaluation for this study. Their response to
midodrine was not systematically assessed prior to the study.
Chronic fatigue, orthostatic dizziness and palpitations were the
most common symptoms (Table 1). Six patients had stopped
working because of POTS or OI and were disabled [2].

j Orthostatic testing and drug administration

Patients were studied in the morning before breakfast or in
Endocrine Clinic or the Autonomic Function Laboratory at West
Virginia University Medical Center. Caffeine was not allowed on the
morning of the studies. Two patients took fludrocortisone prior to
the study and this was discontinued one week prior to the exper-
iments. Midodrine and octreotide were discontinued for at least
48 hours prior to the study. One patient was allowed to continue a
constant dose of fluoxetine during the study. Patients rested in the
supine posture for 10 minutes before duplicate measurements of
the heart rate and blood pressure. The patients then were instructed
to stand for 1 hour without moving their legs while their heart rate
and blood pressure were measured at 1-minute intervals with a
Accutorr III (Datascope, Paramus, New Jersey). A nurse or one of
the investigators were always present to prevent injury at the time
of syncope. Testing was terminated if the patients appeared pre-
syncopal, complained of dizziness, nausea or headaches or became
hypotensive (a systolic blood pressure of less than 75 mmHg).

Patients were first tested off all medicines and then received on
separate days in a random sequence either midodrine 10 mg orally
1 hour before testing, octreotide 0.9 lg/kg subcutaneously 8 min-
utes before testing, or combination therapy given at the same time
intervals as when the drugs were given individually. These time
intervals were chosen since we have previously shown them to be
optimal in patients with autonomic neuropathy [7].

Table 1 Clinical characteristics of patients

Patient Age Diagnosis Supine HR Maximal HR during
first 10 minutes
of standing

Supine BP BP during first
10 minutes of
standing

Major symptoms Other features

1 29 POTS 95 120 113/66 102/70 Fatigue headache
2a 54 POTS 87 116 151/80 128/81 Fatigue dizziness
3a 37 POTS 72 104 113/68 100/61 Fatigue palpitations
4 20 POTS 69 105 113/65 102/54 Fatigue palpitations Hyperflexibility
5 29 POTS 85 140 114/72 118/77 Fatigue palpitations Hyperflexibility
6 46 POTS 69 101 116/72 108/72 Fatigue dizziness Fibromyalgia
7a 43 POTS 90 145 106/74 88/62 Fatigue palpitations
8 53 POTS 78 111 147/89 138/82 Fatigue palpitations
9 27 POTS 85 119 110/64 99/65 Fatigue dizziness
10 29 POTS 72 108 111/68 108/84 Exercise intolerance
11a 29 Orthostatic intolerance 72 93 116/73 105/67 Fatigue dizziness
12a 53 Orthostatic intolerance 71 92 117/72 75/48 Exercise intolerance Fibromyalgia
13a 21 Orthostatic intolerance 78 97 110/66 112/52 Fatigue headache Hyperflexibility
14 46 Orthostatic intolerance 91 105 122/80 111/77 Fatigue headache
15 28 Orthostatic intolerance 87 110 106/70 105/67 Fatigue dizziness

a Patients who experienced syncope during the test
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j Measurements

We measured standing time, heart rate, and blood pressure. To
assess the therapeutic efficacy of the drugs we needed a mathe-
matical formulation that would reflect both prolongation of
standing time and suppression of tachycardia. The latter would
necessarily result in an increase in the RR-interval. We therefore
calculated the Orthostatic Index, the RR interval versus time area
under the curve as follows: Orthostatic Index = RR interval (in
seconds/beat) at minute 1 + RR interval at minute 2... + RR
interval at minute n where n is standing time. The RR interval in
seconds/beat = RR interval in minutes · 60/beat = 60/heart rate
(beats per minute). For example a patient with a heart rate of
120 bpm for 4 minutes would have an orthostatic index of
0.5 second/beat · 4 = 2.0. A patient with a standing heart rate of
60 bpm for 60 minutes would have an orthostatic index of 1 sec-
ond/beat times 60 = 60.

The effect of octreotide (0.9 lg/kg) on the orthostatic index is
illustrated in Figure 1.

j Statistical analyses

Standing time was treated as a time to event variable and assessed
using a Weibull survival model [4].

Heart rate and blood pressure were compared for uniform
standing times, which was the shortest standing time for each
patient. For example, if a patient had a standing time of
20 minutes off therapy, but then longer standing times following
treatment, we would only statistically compare the heart rate and

blood pressure data for 20 minutes. The orthostatic index,
however, took both the heart rate (RR interval) and standing
time into account.

Data for the heart rate, blood pressure, and orthostatic index
were first analyzed by a multivariate analysis of variance (MA-
NOVA) [16]. Factors included in the MANOVA model were sub-
jects, midodrine (yes/no), octreotide (yes/no), and the interaction
of the last two. The primary contrast of interest was octreotide
versus midodrine. Contrasts were formed to specifically compare
each treatment to no treatment, and to compare combination
therapy with monotherapy (the average of the mean heart rate
following octreotide and the mean heart rate following midodrine).
Misleading results from multiple comparisons were minimized by
performing Bonferroni corrections on the final P values.

Results

Fifteen patients tolerated octreotide and were willing
to participate. Ten had POTS and five had OI at the
time of the initial evaluation. One of the individuals
with POTS (patient 10 in Table 1) met the criteria for
POTS at the initial evaluation but did not at the time
of her testing off treatment in this protocol so the data
gathered on her was included in the OI group. The
mean age of the participants was 36.3 years.

j Standing times

The mean standing time for the patients with POTS
was 41.2 ± 8.4 minutes. Although neither midodrine
nor octreotide led to a significant increase in standing
time, after combination therapy standing time was
56.3 ± 2.7 minutes (different from no treatment,
P = 0.001) (Table 2). Standing time for the patients
with OI was 36.3 ± 3.5 minutes and increased by
approximately 19 minutes following midodrine,
octreotide, and combination therapy (P < 0.05 for all
therapies) (Table 2).

j Heart rates

Midodrine and octreotide suppressed heart rate
equally in the patients with POTS (P < 0.001 for each
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Figure 1 Effect of octreotide (0.9 lg/kg) on the orthostatic index

Table 2 Effects of midodrine, octreotide and combination therapy on standing time and hemodynamic responses

No Treatment Midodrine Octreotide Midodrine plus octreotide

POTS (n = 9) Standing time (min) 41.2 ± 8.4 42.0 ± 9.0 49.2 ± 6.6 56.3 ± 2.7**
Heart rate (bpm) 114 ± 0.70 92.8 ± 0.70*** 90.6 ± 0.78*** 84.7 ± 0.70***
Mean blood pressure (mmHg) 90.2 ± 0.65 86.7 ± 0.62 87.4 ± 0.87 85.7 ± 0.69
Orthostatic index 23.8 ± 4.7 28.7 ± 6.4 33.5 ± 4.8 40.6 ± 2.4

OI (n = 6) Standing time (min) 36.3 ± 3.5 55.5 ± 3.1* 56.5 ± 3.5* 56.6 ± 3.3*
Heart rate (bpm) 100 ± 0.76 80.3 ± 0.69* 84.8 ± 0.86 71.2 ± 0.90**
Mean blood pressure (mmHg) 83.2 ± 0.74 83.6 ± 0.53 81.4 ± 0.64 86.2 ± 0.90
Orthostatic index 21.1 ± 4.0 41.4 ± 3.5** 40.3 ± 3.8** 47.3 ± 4.6***

* P < 0.05, different from no treatment
** P < 0.01
*** P < 0.001
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treatment) (Table 2). Combination therapy was more
effective than monotherapy (the mean of the heart
rate following midodrine and the heart rate following
octreotide) for the first 10 minutes of the test
(P < 0.001) (Figure 2). Midodrine (P = 0.041) and
combination therapy (P = 0.0024) led to significant
suppression of heart rate in the subset with OI but
octreotide did not (Table 2).

j Blood pressures

The mean blood pressures were not affected by
treatment in patients with POTS, OI or the pooled
data (Figure 3, Table 2).

j Orthostatic indices

The mean orthostatic index in the patients with POTS
was 23.8 ± 4.7 and not significantly increased by either

midodrine or octreotide (Table 2). Following combi-
nation therapy the orthostatic indexwas 40.6 ± 2.4 and
the difference fromno therapy approached significance
(P = 0.062). The mean orthostatic index in the subset
with OI was 21.1 ± 4.0 and approximately doubled by
midodrine (P = 0.0063 versus no treatment), and
octreotide (P = 0.0099) and increased to 47.3 ± 4.6 by
combination therapy (P < 0.001).

j Adverse effects

Octreotide and midodrine had adverse as well as
beneficial effects. Octreotide caused nausea, vomiting,
abdominal cramps or diarrhea in seven of the original
23 patients. The adverse effects following midodrine
were less severe; nine patients developed scalp itch-
ing, chills, dysphoria or headaches following mido-
drine and six patients resisted chronic therapy
because of these complaints. Two patients tolerated
monotherapy with each drug but developed abdomi-
nal cramps and diarrhea when given the combination.

Discussion

The primary purpose of this study was to compare the
effects of octreotide with those of midodrine. We
observed that the two drugs suppressed tachycardia
to a similar extent in patients with POTS (Table 2 and
Figure 2) but neither drug improved standing time or
significantly improved the orthostatic index in this
subset of patients. Five of the nine patients with POTS
were able to stand for the full 60 minutes off treat-
ment, so there was no room for improvement in this
parameter for most patients. Combination therapy
suppressed tachycardia to a greater extent than did
monotherapy but this was a transient benefit lasting
only for the first 10 minutes of standing.

We observed that midodrine and octreotide
improved standing times and the orthostatic indices
to similar extents in patients with OI (Table 2).
Midodrine suppressed the heart rate by approxi-
mately 20 beats per minute (P < 0.05) whereas
octreotide suppression was only 15 beats per minute,
which was not significant. Combination therapy
suppressed the heart rate by 29 beats per minute
(P < 0.0025). Assessment of the heart rate responses
in the patients with OI was complicated, however, by
variable standing times. How, for example, can one
compare a standing time of 10 minutes and an aver-
age heart rate of 110 in one circumstance (following
Drug A, for example) with a standing time of
20 minutes and an average heart rate of 120 on a
separate day (following Drug B)? The tachycardia
following Drug B may reflect the acceleration of heart

No Treatment Octreotide Midodrine Combined Treatment

Minute

M
ea

n 
H

ea
rt

 R
at

e
  (

be
at

s/
m

in
ut

e)

0 10 20 30 40 50 60

130

120

110

100

90

80

70

60

Figure 2 Effect of treatment on heart rate in patient with POTS. All data
represent mean ± SE. *Different from each treatment at each minute,
P < 0.01. **Combination therapy different from monotherapy for the first
10 minutes, P < 0.01

No Treatment Octreotide Midodrine Combined Treatment

105

100

95

90

85

80

75
0 10 20 30 40 50 60

Minute

M
ea

n 
Bl

oo
d 

Pr
es

su
re

(m
m

 H
g)

Figure 3 Effect of treatment on mean blood pressure in patients with POTS.
All data represent mean ± SE

393



rate between 10 minutes and 20 minutes, a time
interval that was not even reached when the patient
was tested following Drug A. To take both standing
time and heart rate into consideration we propose the
Orthostatic Index (RR interval versus time area under
the curve) and reason that effective therapy would
increase the RR interval, prolong the standing time
and increase the area under the curve relating these
parameters. Suppression of tachycardia is indicative
of a corrective effect in patients with POTS where the
tachycardia is the consequence of a maldistribution of
blood and decreased cardiac filling [12]. Our data
suggest that drug-induced suppression of heart rate is
similarly a manifestation of a beneficial response in
those with OI since lowering the heart rate was
associated with increased standing times (Table 2).
Patients with orthostatic syncope have gradually
increasing heart rates prior to the onset of instability
and collapse [8]. We observed this pattern repeatedly
in both POTS and OI in the present study. These
observations prompted us to consider the RR interval
versus time area under the curve (Orthostatic Index)
as a measure of orthostatic tolerance that could be
used for both groups of patients. We believe this is
appropriate since the two disorders share a common
pathophysiology; orthostatic stress leads to excessive
venous pooling in the lower extremities [14] and
splanchnic veins [11, 12, 15] in both. It would be
inappropriate, however, to use the Orthostatic Index
to assess patients with dizziness or syncope that is
unrelated to orthostatic stress.

The second purpose of this study was to compare
combination therapy to monotherapy with each
agent. This is of practical importance because neither
of the drug was effective in all patients. We postulated
that combination therapy would be better than
monotherapy since midodrine and octreotide act on
different vascular beds. Midodrine is a peripheral
vasoconstrictor [9], whereas octreotide mainly affects
the splanchnic circulation [6]. We thought that a
vasoconstrictor effect on both vascular beds would
translate into enhanced efficacy but the data did not
demonstrate that. Although combination therapy
suppressed heart rate more effectively than mono-
therapy during the first 10 minutes of standing for the
patients with POTS (Figure 2) subsequently the heart
rates following combination therapy were not differ-
ent from the heart rates following monotherapy. The
orthostatic index was slightly greater following com-
bination versus monotherapy for both POTS and OI
but this trend was not statistically significant.

We have previously performed a similar study of
octreotide versus midodrine in autonomic neuropa-
thy patients with postprandial hypotension and
orthostatic hypotension and a comparison of the two
studies is of interest [7]. Octreotide was more potent

than midodrine in autonomic neuropathy patients
particularly during the postprandial period. Combi-
nation therapy was frequently required to prevent
orthostatic hypotension. In the present study, mido-
drine and octreotide showed similar potencies, and
combination therapy was not significantly better than
monotherapy.

Our data indicate that midodrine and octreotide
were similarly effective at suppressing tachycardia in
patients with POTS and improving orthostatic tol-
erance in patients with OI. Subsequent chronic
therapy confirmed a previous report indicating that
octreotide ameliorated chronic fatigue in patients
with OI and POTS [13]. We nevertheless encountered
prevalent patient dissatisfaction during this study.
Patients with POTS and OI frequently have gastro-
intestinal complaints, especially abdominal cramps
or nausea [1], which may be exacerbated by octreo-
tide. Seven of the 23 original patients could not tol-
erate octreotide monotherapy and another two
patients developed abdominal cramps when given
combination therapy. Many patients, however, tol-
erate chronic octreotide remarkably well and, like
patients with acromegaly, are essentially free of ad-
verse effects despite the multiple known effects of the
drug on gastrointestinal and endocrine function [10].
The major limitation of octreotide therapy is its ex-
pense, which may be prohibitive for those without
insurance. A single injection of 50 lg per day is
400 dollars per month. Adverse effects were less se-
vere following midodrine; nevertheless, six of the 23
patients refused chronic midodrine therapy because
of scalp itching, chills, dysphoria or headaches. Pa-
tients complained that both drugs have short thera-
peutic effects (two and one-half to three hours). Four
of the patients showed a good hemodynamic re-
sponse to one or more of the treatments offered, but
chronic therapy failed to relieve their symptoms.
Some of the symptoms of POTS (dizziness, syncope,
palpitations, fatigue) stem from hemodynamic
instability, which is correctable; other symptoms
(insomnia, depression, headaches) may be multi-
factorial and difficult to treat.

The strength of this study is that we have com-
pared the effects of octreotide and midodrine on a
prolonged orthostatic challenge. Many studies of
drug efficacy in patients with POTS and OI have
involved only a brief orthostatic stress and failed to
measure standing time as has been previously rec-
ommended [13]. The limitations to this study must
also be acknowledged. First of all, we preselected
patients who tolerated octreotide. Second, we did
not give placebos since many patients given mido-
drine develop scalp itching or ‘‘gooseflesh’’ and
therefore can distinguish this agent from placebo
[7]. Thus it is difficult to blind patients to their
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therapy in trials involving midodrine. Nevertheless,
placebo controlled trials in similar patients have
been performed previously and shown efficacy for
both midodrine [3] and octreotide [5]. Our purpose
was to compare these two agents and to assess
combination therapy.

In summary, octreotide and midodrine suppressed
tachycardia to a similar extent in patients with POTS.
The two drugs improved standing time and the
orthostatic index similarly in patients with OI. Com-
bination therapy was not significantly better than
monotherapy.
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