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Prognosis of patients with postural 
tachycardia syndrome: a follow-up study
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Background: Postural tachycardia syndrome (POTS) refers to the presence of orthostatic 
intolerance symptoms associated with a heart rate increment of greater than 30 beats/min, 
usually up to 120 beats/min, on head-up tilt test. Symptoms related to POTS are usually light- 
headedness, palpitations and tremor, but syncope can also occur. The pathophysiology of 
POTS is heterogeneous and its prognosis is uncertain. 
Methods: We prospectively evaluated patients who met the criteria for POTS, at baseline and 
follow-up, using composite autonomic symptom scores and autonomic tests to assess the 
autonomic function. We compared the clinical and autonomic test results between baseline 
and follow-up. 
Results: Sixty-eight patients met the inclusion criteria for POTS and forty-five patients were 
ultimately followed up for at least 1 year after baseline. The patients were predominantly 
young females (84%), with a mean age of 21 years. Most patients showed improved ortho-
static symptoms and more than a quarter of patients had no longer met the criteria for POTS 
at follow-up. 
Conclusions: Most patients had a benign outcome in that they could resume their daily ac-
tivities without great limitations. Our results demonstrated a relatively favorable prognosis in 
most patients with POTS.
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drome; Prognosis

IntroductIon

Postural tachycardia syndrome (POTS) is defined by the presence of orthostatic intolerance 
symptoms associated with a sustained heart rate increase of more than 30 beats/min on 
head-up tilt (HUT), without orthostatic hypotension.1,2 Symptoms related to orthostatic 
changes usually include light-headedness, palpitations and tremor, blurred vision, head-
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ache, and neck pain, as well as syncope. POTS occurs most 
commonly in young women of child-bearing age and the 
clinical presentation is heterogeneous and non-specific, 
probably reflecting multiple underlying mechanisms.3-5 

A detailed clinical evaluation should be carried out prior to 
HUT testing to exclude other conditions including excessive 
venous pooling, hypovolemia, and deconditioning, which 
may cause orthostatic intolerance. It is important to recog-
nize POTS earlier as proper treatment significantly improves 
autonomic and hemodynamic disturbances, but long-term 
prognosis remains uncertain.6 The main aim of the current 
study was to determine how autonomic parameters and 
clinical features can change from baseline to follow-up in 
patients with POTS.

MaterIals and Methods

We enrolled patients who met all of the following criteria:  
1) symptoms of orthostatic intolerance, including light-head-
edness, palpitations, blurred vision, tremor, and difficulty 
in concentration, 2) sustained increase in the heart rate of 
30 beats/min or increase of heart rate to ≥ 120 beats/min 
within the first 10 minutes of HUT and without significant 
orthostatic hypotension. For individuals who were younger 
than 19 years of age, the required heart rate increment was 
at least 40 beats/min. The exclusion criteria were as follows: 
the presence of systemic illness, the presence of known 
causes of autonomic failure, pregnant women, and taking 
anticholinergic agents, adrenergic antagonists, or other 
medications that could not be suspended before testing. 
We collected the data such as the duration of symptoms, 
precipitating event, and treatment status from the medical 
records of each patients. All patients provided their written 
informed consent prior to participation in the study, which 
was approved by the Ethics Committee of Jeju National Uni-
versity Hospital.

Standardized autonomic function tests were performed. 
All included patients were assessed using a Q-Sweat HRV (WR 
Medical Electronics Co., Maplewood, MN, USA) and Finom-
eter (Finapres Medical System, Amsterdam, Netherland). For 
at least 12 hours prior to the study, all patients discontinued 
any drugs that might influence the autonomic function tests. 
The changes in the heart rate in response to deep breathing 

and the Valsalva ratio were used to assess cardiovagal func-
tion. The cardiovascular adrenergic function was estimated 
by measuring the blood pressure and heart rate responses 
to the Valsalva maneuver and HUT. The quantitative sudo-
motor axon reflex test (QSART) was used to evaluate the 
postganglionic sympathetic sudomotor axon function. 
First, QSART was performed with Q-Sweat. Iontophoresed 
acetylcholine was infused into the skin to stimulate the post-
ganglionic sudomotor unmyelinated nerves. The produced 
sweat was collected and quantified in a sudorometer. Four 
sites were measured in all patients: forearm (3/4 of the dis-
tance from the ulnar epicondyle to the pisiform bone); prox-
imal leg (5 cm distal to the fibular head on the lateral side); 
distal leg (5 cm proximal to the medial malleolus on the 
medial side); and foot (over the extensor digitorum brevis 
muscle). Subsequently, a deep breathing test was conduct-
ed as follows: the patient sat quietly and was instructed to 
breath smoothly, slowly, and deeply at 6 breaths/min (5 sec-
onds inspiration and 5 seconds expiration), a rate which pro-
duces maximum variation of heart rate. The 10-second long 
respiratory cycle was repeated eight times. The E:I ratio is 
the ratio of the longest R-R interval during expiration to the 
shortest R-R interval during inspiration. Next, we performed 
the Valsalva maneuver. The intrathoracic pressure was kept 
at 40 mmHg for 15 seconds by blowing through a mouth-
piece connected to a mercury manometer. The changes in 
systolic blood pressure and R-R intervals were divided into 
four phases. The Valsalva ratio was calculated as the maxi-
mum R-R interval in phase IV divided by the minimum R-R 
interval in phase II. Lastly, we conducted the HUT test. After 
resting in a supine position for at least 5 minutes, subjects 
were tilted up to 70° to assess the changes in systolic blood 
pressure at 70° compared to the baseline level in the supine 
position. Cardiovascular recordings were collected using a 
noninvasive monitoring device during the head-up tilt test.

The composite autonomic symptom score 31 (COM-
PASS-31) reflects the overall severity of autonomic symp-
toms and includes 6 subscale scores to assess the severity of 
symptoms. COMPASS-31 quantifies 6 domains: orthostatic 
intolerance, vasomotor, secremotor, gastrointestinal, blad-
der, and pupillomotor domains.7 The 6 subscales add up to 
a total of 100, with COMPASS-31 score between 0 and 100, 
and high values represent severe symptoms. Each score is 
normalized for the confounding variables of age and sex. 
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The Composite Autonomic Severity Score (CASS) is evalu-
ated from the autonomic function tests and CASS is a mea-
sure of the severity and distribution of autonomic failure. 
Patients with a CASS of 3 or less have only mild autonomic 
failure. We compared the change in CASS and COMPASS-31 
scores between the baseline and follow-up evaluations.

Paired data were analyzed using the Wilcoxon signed 
rank test to determine significant differences between two 
continuous variables. The chi-square test and Spearman 
test were used to determine significant correlation between 
the variables. All statistical analyses were conducted using 
IBM SPSS ver. 18.0 (IBM Corp., Armonk, NY, USA). Values are 
presented as the mean ± standard deviation and the level of 
significance was defined as a p < 0.05.

results

Sixty-eight patients who met the criteria for POTS were en-
rolled and 45 patients completed the follow-up evaluation 
by at least 1 year following the initial diagnosis. Among the 
68 patients, 57 patients (84%) were women. Most patients 
were young (21.2 ± 9.8 years of age). The mean duration of 
symptoms before the initial diagnosis was 13.1 months and 
three patients reported an antecedent viral infection before 
onset of symptoms. A precipitating event was present in 
12 patients. The most common precipitating factor was 
exercise and the others were upper respiratory infection, 
emotional stress, heat exposure, and overeating. The main 
clinical characteristics are presented in Table 1. Most patients 
underwent conservative measures to treat their orthostatic 
symptoms at baseline assessment. The conservative mea-
sures included increased fluid and salt intake, compression 
garments, and physical counter-maneuvers. Some patients 
were taking beta-blockers (five patients) and pyridostigmine 
(three patients) at baseline and follow-up. The dosages were 
not significantly different at follow-up compared with the 
baseline. At follow-up, The mean duration of follow-up was 
16 ± 3 months. 

Comparing the changes in COMPASS-31 score between 
the baseline (30.2 ± 23.2) and follow-up (21.4 ± 17.1), a 
clinically significant improvement was seen in orthostatic 
symptoms during the follow-up period. Twelve patients 
were completely asymptomatic, 30 patients underwent im-

provement, and only three patients remained highly symp-
tomatic (Table 2). The increase in heart rate during HUT did 
not show significant difference between the baseline (36.4 
± 13.6 beats/min) and follow-up (33.2 ± 14.1). Interestingly, 

Table 1. Clinical characteristics of patients with POTS

Feature Finding patient

Age (years) 21.2 ± 9.8 68 (100)

Sex 

Female/male 57 (84)/11 (16)

Symptom duration (months) 13.1 ± 10.7 68 (100)

Symptom onset
Acute (<1 month)
Subacute (1-3 months)
Insidious (>3 months)

23 (33)
18 (26)
27 (41)

Preceding events
Upper respiratory infection
Exercise 
Emotional stress
Heat exposure
Overeating
Unknown

 3 (4)
5 (8)
3 (4)
2 (3)
2 (3)

53 (78)

Body mass index (kg/m2) 20.8 ± 6.3 68

<18.5
18.5-24.9
25-29.9
30-34.9

10
49

6
3

Values are presented as mean ± standard deviation or number (%) unless 
otherwise indicated. 

Table 2. COMPASS-31 scores at baseline and follow-up

C OMpASS-31
   symptoms

Baseline COM-
pASS-31

Follow-up COM-
pASS-31 p-value

Score Score

Orthostatic  
intolerance

12.6 ± 11.8 6.7 ± 5.8 0.01

Vasomotor 1.6 ± 2.1 1.5 ± 1.3 0.54

Secremotor 5.4 ± 6.9 5.4 ± 3.5 0.99

Gastrointestinal 6.6 ± 5.4 5.0 ± 3.9 0.39

Bladder 1.1 ± 1.6 1.0 ± 1.8 0.86

Pupillomotor 1.7 ± 1.4 1.5 ± 1.1 0.71

Total score 30.2 ± 23.2 21.4 ± 17.1 0.04

Values are presented as mean ± standard deviation. 
COMPASS, composite autonomic symptom score.
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14 patients did not demonstrate a heart rate increase com-
patible with the criteria for POTS on follow-up HUT testing. 
Autonomic dysfunction was mild at both baseline and fol-
low-up with a CASS of 2 or lower in 63 patients (94%) and 43 
patients (96%), respectively. We found most patients had a 
mild autonomic impairment characterized by post-gangli-
onic sudomotor denervation in the lower limbs and adren-
ergic impairment. Cardiovagal parasympathetic dysfunction 
was minimal at baseline and follow-up (Table 3).

dIscussIon

POTS is a condition characterized by abnormal persistent or-
thostatic tachycardia. The pathophysiological basis is hetero-
geneous in nature, explaining its myriad manifestations.8-10 

Overlapping conditions such as vasovagal syncope should 
be considered during the initial evaluation. Since POTS sig-
nificantly impacts the quality of health, it is important to rec-
ognize this condition earlier. Some useful treatment options 
exist, but many suggested treatments have poor evidence 
base.2,11 The prognosis of patients with POTS is favorable 
according to a prior study, which found that 80% of patients 
improved and 60% had minimal residual symptoms over 
a duration of approximately five years.6 However, there are 
few studies that have investigated the prognosis of patients 
with POTS prospectively. 

Our study demonstrated that patients presenting with 
POTS can improve substantially and 14 patients no longer 
met the orthostatic heart rate criteria for POTS. Therefore, 
markedly delayed HUT at the initial diagnosis may have 
reduced the specificity of the POTS diagnosis despite ortho-
static intolerance symptoms. Other major findings of our 
study suggested that the autonomic dysfunction in POTS 
patients was mild at baseline and during the follow-up peri-
od. The most common symptoms in our patients were dizzi-
ness, blurred vision, and syncope. Our study showed female 
predominance, with a female-male ratio of approximately 5:1 
and a mean age of 21 years. The spectrum of symptoms and 
clinical characteristics of the patients were similar to previ-
ously published data with respect to age and sex.3,12,13 Con-
trary to previous studies,3,6 a precipitating event was present 
only in a quarter of patients, probably due to delayed evalu-
ation of orthostatic intolerance symptoms.

The improvement of orthostatic symptoms over time is 
consistent with prior studies.6,14 Though most patients re-
ported overall improvement in the symptoms, the orthostat-
ic heart rate remained elevated on follow-up HUT. The exact 
reason regarding why orthostatic symptoms had improved 
in these patients despite maintaining the heart rate incre-
ment is not certain. It is presumed that several factors could 
affect this finding, such as life-style modifications, applica-
tions of counter-maneuvers or medications. On follow-up, 
14 patients (31%) had a heart rate increment of less than 
30 beats/min. Among these patients, three patients were 
being treated with beta-blockers, but the other patients had 
non-pharmacologic treatment. Our patients initially under-
went non-pharmacologic therapy, which included educa-
tion and reassurance, and application of counter-maneuvers. 
Almost all patients continued non-pharmacologic treatment 

table 3. Autonomic dysfunction on clinical autonomic test-
ing at baseline and follow-up

Test score
patients

p-valueBaseline 
(n = 68)

Follow-up 
(n = 45)

CASS (cardiovagal) 0.97

0 61 (91) 41 (92)

1 4 (5) 2 (4)

≥2 3 (4) 2 (4)

CASS (adrenergic) 0.94

0 56 (82) 36 (80)

1 8 (11) 6 (13)

≥2 4 (7) 3 (7)

CASS (sudomotor) 0.89

0 46 (67) 31 (69)

1 15 (22) 9 (20)

≥2 7 (11) 5 (11)

CASS (total) 0.24

0 42 (62) 30 (68)

1 8 (12) 7 (15)

2 10 (15) 5 (11)

3 5 (8) 2 (4)

4 2 (2) 1 (2)

6 1 (1) 0 (0)

Values are presented as number (%).
CASS, composite autonomic severity score.
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and only eight patients remained on drug treatment at 
follow-up. More than a third of patients were completely 
asymptomatic and more than half reported a significant 
improvement, with only three patients remaining highly 
symptomatic. Accordingly, therapy based on autonomic 
principles, such as volume expansion, and physical count-
er-maneuvers, would seem reasonable.

The severity of autonomic dysfunction in our patients was 
mild, with only eight patients who had a CASS of 3 or higher 
at baseline. At follow-up, only three patients had a CASS that 
was higher than 3. The degree of other autonomic dysfunc-
tion assessed by autonomic function testing was mild, and 
was commonly accompanied by post-ganglionic sudomo-
tor denervation. These results are in accordance with previ-
ous studies, which reported similar findings.3,14 Contrary to 
previous studies, our study included younger patients and 
showed a difference in preceding events. A few patients 
experienced infectious illness prior to symptom onset in our 
study. Our study supports that some POTS patients have 
limited autonomic neuropathy.

This study has several limitations. First of all, we included a 
relatively small number of patients. Most patients diagnosed 
with POTS had mild autonomic symptoms and did not want 
to participate in our study. In addition, we did not measure 
supine and standing norepinephrine levels. Although there 
has been some disagreement in the literature, there was a 
positive correlation between the heart rate increment on 
HUT testing and standing norepinephrine levels.

In conclusion, POTS presents as a heterogeneous clinical 
entity with a generally benign outcome. In most patients in 
our study, the orthostatic symptoms had substantially im-
proved, although the mean orthostatic heart rate increment 
remained high on HUT. The autonomic dysfunction in our 
patients was mild and showed evidence of sympathetic de-
nervation in the lower limbs, characterized by a limited au-
tonomic neuropathy. These findings did not change during 
the follow-up period. Our study demonstrates that patients 
with POTS improve in orthostatic intolerance and show a 
favorable prognosis.
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