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Orthostatic symptoms does not always manifest 
during tilt-table test in pediatric postural ortho-
static tachycardia syndrome patients 
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Purpose: Chronic day-to-day symptoms of orthostatic intolerance are the most notable features of 
postural orthostatic tachycardia syndrome (POTS). However, we have encountered patients with such 
symptoms and excessive tachycardia but with no symptoms during the tilt-table test (TTT). We aimed 
to investigate whether POTS patients with chronic orthostatic intolerance always present orthostatic 
symptoms during the TTT and analyze the factors underlying symptom manifestation during this test.
Methods: We retrospectively examined patients who presented with POTS at the Gyeongsang Na tional 
University Hospital between 2008 and 2011. Diagnosis of POTS was based on chronic day-to-day 
orthostatic intolerance symptoms as well as excessive tachycardia during the TTT. The patients were 
divided two groups depending on the presentation of orthostatic symptoms during the TTT. Clinical 
data and the results of the TTT were compared between these groups.
Results: In 22 patients, 7 patients (31.8%) did not present orthostatic symptoms during the test. 
Diastolic blood pressure (BP) was significantly lower in the symptom-positive group. The head-up tilt 
resulted in a significant increase in diastolic BP in the symptom-negative group (P=0.04), while systolic 
BP had a tendency to decrease in the symptom-positive group (P=0.06).
Conclusion: Significant patients with POTS did not present orthostatic symptoms during the TTT 
despite having chronic daily symptoms. This finding may be important for establishing definitive 
diagnostic criteria for pediatric POTS. Development of symptoms during TTT might be related to low 
diastolic BP and abnormal compensatory responses to orthostasis.
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Introduction

Postural orthostatic tachycardia syndrome (POTS) is a recently recognized ortho-
static intolerance syndrome that was first officially defined by Schondorf and Low1) 
in 1993. It is the most common form of orthostatic intolerance in adults. Since the 
first published report of POTS in adolescents2), this syndrome has been increasingly 
recognized and characterized in symptomatic adolescents3). However, no consensus 
has been reached regarding the diagnostic criteria for pediatric populations, and to the 
best of our knowledge, only one diagnostic guideline for juvenile POTS is mentioned 
in Japanese clinical guidelines for juvenile orthostatic dysregulation4). The pediatric 
diagnostic criteria for POTS in Japan are as follows: increase in heart rate (HR) by ≥35 
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beats per minute (bpm) during standing or a HR of ≥115 bpm 
during active standing and no obvious hypotension. Unlike 
the diagnostic criteria for adult POTS, the pediatric criteria do 
not include orthostatic symptoms identified during the tilt-
table test. The strict diagnostic guidelines for adult POTS state 
that this syndrome is diagnosed when sustained excessive 
tachycardia is noted during an upright tilt, accompanied by 
orthostatic symptoms during the test5,6). However, in clinical 
practice, we have encountered pediatric patients with chronic 
orthostatic symptoms and excessive tachycardia but no 
symptoms observed during the tilt-table test. Further, many 
healthy volunteers present the signs and symptoms of POTS 
during the tilt-table test but not in everyday life7). Stewart8) 
emphasized that chronic day-to-day orthostatic intolerance is 
the most notable clinical characteristic of POTS. Similarly, other 
researchers reported patients who developed chronic orthostatic 
symptoms on standing in clinical situations even though they 
showed no symptoms during the tilt-table test9,10). A recent 
study to establish diagnostic criteria for pediatric POTS also 
documented tilt table testing alone cannot capture the full 
spectrum of symptoms that patients with this syndrome fre
quently experience11).

In this study, we diagnosed POTS on the basis of chronic 
day-to-day orthostatic intolerance symptoms as well as ex
cessive tachycardia during the tilt-table test. Our aim was to 
investigate whether POTS patients with chronic orthostatic 
intolerance always presented orthostatic symptoms during the 
tilt-table test. Further, we analyzed factors associated with the 
manifestation of orthostatic symptoms during the tilt-table 
test.

Materials and methods 

We undertook a retrospective study of patients who pre
sented with POTS at the Gyeongsang National University 
Hospital, Jinju, South Korea, during a 3-year period (January 
1, 2008 to March 30, 2011). The duration and frequency of the 
orthostatic intolerance symptoms, syncope history, and results 
of the tilt-table test were reviewed from the medical records of 
these patients.

Inclusion criteria were as follows: 1) sustained HR incre
ment of 35 bpm or greater in response to 10 minutes of tilt-
table test, 2) baseline sinus rhythm with no evidence of 
arrhythmia, 3) symptoms of orthostatic intolerance such as 
light-headedness, weakness, palpitations, blurred vision, or 
nausea developing on standing or after tilt-table test and re
solving with recumbency, and 4) these symptoms had to be 
present daily, almost daily, or several times a week for more 
than 3 months. The exclusion criteria were as follows: 1) or

thostatic hypotension defined as a decline of 30 mmHg or 
more in systolic blood pressure (BP) or 20 mmHg or more in 
mean BP within 3 minutes of standing or tilt-table test, 2) 
episodic symptoms of orthostatic intolerance, or 3) systemic 
illness affecting autonomic function, such as congestive heart 
failure, cerebral palsy, and hypothyroidism.

The patients were divided into two groups depending on 
whether they manifested orthostatic intolerance symptoms 
during the tilt-table test: the symptom-positive group and the 
symptom-negative group. We compared the clinical features, 
autonomic function tests, and results of the tilt-table tests 
between these groups.

1. Tilt-table test
Patients remained supine for 30 to 40 minutes while a base

line electrocardiograph and BP were recorded. They were then 
tilted to the head-up position at an angle of 70° held for 30 
minutes. The HR and beat-to-beat BP were monitored con
tinuously (Finapres Monitor, Ohmeda Medical, Englewood, 
CO, USA), and orthostatic symptoms were observed. Data of 
HR and BP variables were averaged (supine for 30 minutes and 
erect for 10 minutes). 

2. Automonic function tests
Cardiovagal, adrenergic, and postganglionic sudomotor func

tions were assessed as described below12), and previously pu
blished normative data were used to determine control values13). 

The quantitative sudomotor axon reflex test (QSART) was 
performed using the QSweat device (WR Electonics, Rochester, 
MN, USA) using the technique of Low et al.13) QSART records 
dynamic sweat output induced by chemically stimulating mu
scarinic eccrine sweat gland receptors with iontophoresis of 
acetylcholine and evaluates the postganglionic sympathetic 
sudomotor axon14).

Cardiovagal function was assessed based on HR response to 
deep breathing and the Valsalva ratio12,13). Patients underwent 
controlled deep breathing six times per minute in which the 
longest and shortest R-R interval on electrocardiograph, in
verted to a HR in bpm, was calculated as a sinus arrhythmia 
ratio. To test the Valsalva maneuver, the subject was placed 
in a recumbent position and asked to maintain a column of 
mercury at 40 mmHg for 15 seconds. The ratio of the maximal 
to the minimal HR defined the Valsalva ratio.

Adrenergic function was assessed by the BP and HR res
ponses to the Valsalva maneuver and the tilt-table test12,13).

The composite autonomic severity score (CASS) was deter
mined to grade the degree of autonomic dysfunction. The CASS 
is a semiquantitative score from 0 (no deficit) to 10 (maximal 
deficit) that combines the results of three subsets of autonomic 
tests and corrects for the effects of age and gender: sudomotor 
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(range, 0 to 3), cardiovagal (range, 0 to 3), and adrenergic 
(range, 0 to 4)12).

3. Statistical analysis
Descriptive statistics including the mean and standard devia

tion were used to describe the data distribution. A Wilcoxon 
signed-rank test was used to assess BP changes during the tilt 
table test within the same group; the Mann-Whitney U-test 
was used for between-group differences (the difference between 
the symptom-positive and symptom-negative groups). All 
tests were two-tailed. A P<0.05 was considered statistically 
significant. All statistical analyses were performed using SPSS 
ver. 12 (SPSS Inc., Chicago, IL, USA).

Results

1. Demographics
During the study period, 65 patients underwent the tilt-table 

test for complaints of orthostatic intolerance, and 22 patients 
of them (33.8%) were diagnosed with POTS. Their ages ranged 
from 10 to 18 years, and most were male (72.7%). 

The following patients were excluded: 14 patients (21.5%) who 
met the HR increment criterion but had episodic symptoms, 4 

(6.1 %) who had orthostatic hypotension, 8 (12.3%) who had 
met the tachycardia criterion for POTS but whose BP dropped 
suddenly accompanied with syncope, and 1 who satisfied the 
diagnostic criteria for POTS but had dilated cardiomyopathy. 
Further, 16 patients (24.6%) showed no abnormalities in the 
tilt-table test. 

2. Comparison between the symptom-positive and symptom-
negative groups
Table 1 shows the results obtained on comparison of va

rious parameters between the symptom-positive and symptom-
negative groups. Most patients (68.1%) experienced orthostatic 
symptoms during the tilt-table test. Age, gender, body mass 
index, and syncope history did not differ between the groups. 
No significant differences in HR and systolic BP variables, and 
results of autonomic function tests were observed between the 
groups. However, diastolic BPs (both supine and erect) were 
significantly lower in the symptom-positive group than those 
in the symptom-negative group (P=0.03 and P=0.01). The head-
up tilt resulted in a significant increase in diastolic BP in the 
symptom-negative group (P=0.04) (Fig. 1). Systolic BP had a 
tendency to decrease in the symptom-positive group (P=0.06). 
The head-up tilt resulted in no significant change in either 
systolic or diastolic BP in this group (Fig. 1). 

Discussion

The most notable finding of our study is that a considerable 
number of POTS patients who were identified as actually 
having POTS manifested no symptoms during the tilt-
table test. This finding may be important for establishing 
definitive diagnostic criteria for pediatric POTS, as thus far, 
no consensus has been reached about the diagnostic cri
teria for the pediatric population. In adult patients, POTS is 
diagnosed on the basis of a sustained HR increase of ≥30 bpm 
or an increase in HR to ≥120 bpm within the first 10 minutes 
of “orthostasis associated with symptoms of orthostatic 
intolerance” and without significant orthostatic hypotension15). 
However, POTS diagnosis may be difficult in clinical practice 
because interpretation of the phrase “orthostasis associated 
with symptoms of orthostatic intolerance” varies in the 
literature. Sandroni et al.5) and Ojha et al.6) insisted that for the 
diagnosis of POTS, orthostatic symptoms had to be manifested 
during the tilt-table test, while Thieben et al.9) and Peltier 
et al.10) included patients who developed chronic orthostatic 
symptoms on standing in clinical situations even if they 
showed no symptoms during the tilt-table test. The POTS 
diagnosis is more confusing in the case of pediatric patients. 
However, we considered inclusion criteria of Thieben et al.9) to 

Table 1. Comparison Between Patients with and Without Orthostatic 
Symptoms During the Tilt-Table Test

Variable Symptom positive
(n=15)

Symptom negative
(n=7)

P
value

Age (yr) 14.26±1.33 14.85±2.73 0.53

Female sex 5 (33.3) 1 (14.3) 0.35

BMI (kg/m2) 19.37±2.50 21.37±3.55 0.37

Syncope history 8 (53.3) 6 (85.7) 0.14

Supine BP (mmHg)

  Systolic 109.93±10.72 114.85±10.38 0.23

  Diastolic 62.40±7.72 69.42±3.82 0.03*

Erect BP (mmHg)

  Systolic 104.60±19.07 117.85±15.85 0.14

  Diastolic 63.60±11.4 78.14±11.89 0.01*

Supine HR (bpm) 72.73±15.57 69.71±6.62 1.00

Erect HR (bpm) 108.26±11.96 109.71±5.79 0.63

HR increase (bpm) 41.78±8.71 40.0±4.89 0.91

CASS 2.33±1.58 1.71±1.49 0.44

Sudomotor 1.46±1.12 1.00±1.15 0.40

Cardiovagal 0.06±0.25 0.14±0.37 0.78

Adrenergic 0.86±0.74 0.57±0.53 0.49

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; BP, blood pressure; HR, heart rate; bpm, beats per 
minute; CASS, composite autonomic severity score.
*Statistically significant factors. 
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be more reasonable and suited to the actual definition of POTS 
for the following reasons: Previous studies on orthostatic 
intolerance have reported that the sensitivity of the tilt-table 
test is low16). Wieling17) also reported that the initial phase of 
active standing caused more drastic hemodynamic changes than 
the tilt-table test, which clearly explains patient’s symptoms of 
orthostatic intolerance. Moreover, Stewart8) emphasized that 
chronic day-to-day symptoms are characteristics of POTS and 
are the most notable differences between POTS and simple 
paint patients. Our study also demonstrated that a significant 
number of patients with POTS did not present orthostatic 
symptoms during the tilt-table test despite having chronic 
daily symptoms during active standing. On the basis of these 
findings, we infer that patients with chronic day-to-day symp
toms of orthostatic intolerance should be diagnosed with POTS 
even if they manifest no symptoms during the tilt-table test. 

An important finding of our study was that diastolic BPs (both 
supine and erect) were significantly lower in the symptom-
positive group of pediatric patients with POTS than those in the 
symptom-negative group. Head-up tilt resulted in an increase in 
both systolic and diastolic BP in the symptom-negative group; 
there was a significant increase in diastolic BP, in particular. In 
contrast, systolic BP decreased, whereas diastolic BP remained 
unchanged, in the symptom-positive group. Arterial BP is 
determined by several physical and physiological factors such 
as blood volume, elastic characteristics, HR, stroke volume, and 
peripheral resistance18). The most influential factor determining 
diastolic BP is peripheral resistance, and it is often asserted 
that decreased peripheral resistance affects diastolic more 
than systolic arterial pressure18,19). Although several factors 

should be considered, insufficient or abnormal peripheral 
resistance may have had an important role in lowering dia
stolic BP in the symptom-positive group. 

The symptom-negative group showed a normal compensa
tory response to orthostasis (increase in both systolic and 
diastolic BP), except for excessive tachycardia. However, 
systolic BP decreased and diastolic BP unchanged in the 
symptom-positive group, which may indicate an insufficient 
compensatory response to orthostasis. Decreased systolic 
BP during head-up tilt influences cerebral blood perfusion, 
which explained symptoms of orthostatic intolerance in the 
symptom-positive group. Ocon et al.20) suggested dynamic 
cerebral autoregulation is less effective in POTS patients based 
on a perfectly synchronous correlation between mean arterial 
pressure and cerebral blood f low velocity. Hemodynamic 
changes of symptom-positive group of our study and POTS 
patients in study of Ocon et al.20) are similar. They demonstrated 
cerebral blood f low velocity is significantly decreased in 
POTS patients during tilt20). Therefore, we hypothesized the 
decrease of systolic BP during head-up tilt in symptom-positive 
group of our study, seemed to be not obvious to break cerebral 
autoregulation, can cause a decrease of cerebral blood flow as a 
result of cerebral autoregulation dysfunction. Extrinsic factors 
also may aggravate cerebral blood flow. One such extrinsic 
factor may be the effect of hyperventilation, which produces 
hypocapnia and cerebral vasoconstriction21). However, we did 
not check hyperventilation during tilt-table test. 

Several physiological mechanisms maintain normal BP 
during orthostasis, including autonomic nervous system 
activation via baroreceptors and hormonal mechanisms 

Fig. 1. Blood pressure (BP) changes during the tilt-table test. (A) Systolic BP had a tendency to increase in the 
symptom-positive group (P=0.06). (B) The head-up tilt-table test resulted in increase in diastolic BP in the symptom-
negative group with statistically significance (P=0.04), while no significant change in the symptom-positive group. 
SBP, systolic blood pressure; DBP, diastolic blood pressure; NS, non-significant. *Statistically significant (P<0.05).
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such as adrenaline, norepinephrine, renin, angiotensin, and 
aldosterone18). No difference was observed in the autonomic 
function tests between the two groups. Therefore, we suggest 
that other compensatory mechanisms, rather than autonomic 
nervous system activation, were inadequate in the symptom-
positive group. 

To the best of our knowledge, this is the first study to de
scribe in detail the association between orthostatic symptom 
manifestation during the tilt-table test and the clinical and 
laboratory data of pediatric patients who meet the diagnostic 
criteria of POTS (HR increase without significant hypotension). 
However, this study has several limitations: First, the size of 
the patient population was small. Second, various factors such 
as volume status, peripheral blood flow, and norepinephrine 
levels are better bases to explain the manifestation orthostatic 
symptoms during the tilt-table test, but we did not evaluate 
these factors. Therefore, further studies should include an 
assessment of these factors with a large number of patients. 

In summary, a substantial number of POTS patients with 
chronic day-to-day orthostatic intolerance symptoms in this 
study did not present orthostatic symptoms during the tilt-
table test. Diastolic BP was lower, and abnormal compensatory 
responses to orthostasis were found in the symptom-positive 
group compared with those in the symptom-negative group. 
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