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Abstract

Objective Postural tachycardia syndrome (PoTS) is an

important cause of orthostatic intolerance resulting from

cardiovascular autonomic dysfunction. In addition to pos-

tural symptoms, PoTS patients may have allied features,

including gastrointestinal (GI) symptoms, which have not

yet been thoroughly investigated. We evaluated gastric

myoelectrical activity in PoTS patients.

Methods Using cutaneous electrogastrography (EGG),

we recorded gastric myoelectrical activity before and after

standard liquid meal ingestion in 15 PoTS patients (age

27 ± 4 years); including 7 with and 8 without GI symp-

toms, and in 11 healthy individuals (age 23 ± 7 years). We

performed spectral analysis of EGG recordings to obtain

the dominant frequency of gastric pacemaker rhythm (DF),

instability coefficient of DF (ICDF), and low (LFR%),

normal (NFR%), and high (HFR%) range power percent-

ages of the total power.

Results Instability coefficient of DF, an index of vari-

ability of gastric pacemaker rhythm, was significantly

elevated both pre- and post-prandially (30–45 min after the

meal) in the PoTS group (8.8 ± 6, 10.0 ± 8 %) compared

with controls (4.0 ± 3, 4.0 ± 3 %; both p \ 0.05).

Patients with GI symptoms had significantly higher post-

prandial ICDF (15.0 ± 5 %) than those without GI

symptoms (5.6 ± 4 %; p \ 0.05). There were no signifi-

cant differences in DF, LFR%, NFR% and HFR% before

and after the meal between the PoTS and control groups, or

between PoTS patients with and without GI symptoms.

Interpretation Our study revealed increased variability of

gastric pacemaker rhythm in PoTS, and these findings

might be related to pathophysiology of functional GI

symptoms in PoTS.

Keywords Orthostatic intolerance � Autonomic nervous

system � Electrogastrography � Gastric motility

Introduction

Postural tachycardia syndrome (PoTS) is a relatively

recently recognised syndrome, characterised by excessive

tachycardia on standing (orthostatic tachycardia) in the

absence of postural hypotension [1]. PoTS patients pre-

dominantly report symptoms of orthostatic intolerance,

e.g., light-headedness, palpitations, sweating, shortness of

breath, chest pain and fatigue. In addition, PoTS patients

may also report symptoms that are not related to posture

[1]. For instance, PoTS is also associated with migraine,

bladder dysfunction and with gastrointestinal (GI) symp-

toms, e.g., nausea, bloating, diarrhoea, constipation and

abdominal pain [2, 3]. In studies on children, functional GI

disorders, such as functional dyspepsia and irritable bowel
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syndrome, have been associated with orthostatic intoler-

ance and, in particular, PoTS [4]. Although the patholog-

ical mechanisms behind possible functional GI disorders

and GI symptoms in PoTS remain unclear, it is possible

that the sympathetic nervous system dysfunction that can

be evident in PoTS [5], e.g., as seen in the emesis of cat-

echolamines in hyper-adrenergic PoTS [1], may directly

disturb GI function. Abnormal modulatory monoamine

transmission or vagal dysfunction could also be implicated

since both have been reported in PoTS [6, 7]. Alternatively,

because somatisation, depression and anxiety have all been

observed in both patients with PoTS [3] and in patients

with functional GI disorders [8], psychosomatic factors

may be, at least in part, responsible for the GI symptoms

that are seen in many patients with PoTS.

Gastric motility is critical for digestion and is controlled,

in part, by the autonomic nervous system. Motility can be

indirectly assessed non-invasively in vivo in humans using

cutaneous electrogastrography (EGG) to record gastric

myoelectrical activity. In healthy subjects, gastric myo-

electrical activity is composed of ‘gastric slow waves’ and

spike/second potentials at a frequency of 3 cycles per min

(cpm) [9]. Gastric slow waves originate from the pace-

maker cells on the major curvature of the stomach [9].

Cutaneous EGG, which can detect gastric slow waves, may

help to reveal and to characterise abnormal gastric myo-

electrical activity in patients with PoTS, but as yet there

have not been any studies that have compared EGG activity

between PoTS patients and healthy subjects before and

after food ingestion.

In order to develop a better understanding of the aeti-

ology of functional GI symptoms in PoTS, the aim of this

study was to evaluate gastric myoelectrical activity before

and after standard meal ingestion in PoTS patients and

normal healthy controls. Based on previous research [10]

showing associations between acute psychological stress-

ors (e.g., shock avoidance tasks), heightened sympathetic

nerve activity and gastric dysrhythmia, we hypothesised

that PoTS patients, some of whom are also known to have

elevated sympathetic activity [5], would also have gastric

dysrhythmia.

Subjects and methods

Subjects

Fifteen patients with PoTS (1 male and 14 females, aged

27 ± 4 years) were enrolled in the study. A diagnosis of

PoTS was based on the following criteria: (1) history of

symptoms of orthostatic intolerance for at least 6 months;

(2) sustained increase in heart rate while standing or on

head-up tilt with a minimum change of at least 30 beats per

minute or a heart rate in excess of 120 beats per minute; (3)

absence of orthostatic hypotension (a fall in systolic/dia-

stolic blood pressure greater than 20/10 mmHg, respec-

tively). Patients were asked whether they had experienced

the following GI symptoms (without an obvious cause)

during the past 3 months: indigestion, early satiety, upper

abdominal pain, nausea, vomiting, fullness, diarrhoea and

constipation and were, on that basis, allocated to a ‘‘GI

symptoms’’ or a ‘‘no GI symptoms’’ group. None of the

participants had any organic neurologic disorders or clini-

cally significant illnesses potentially affecting gastrointes-

tinal motility or autonomic nervous function. Eleven of the

15 PoTS patients had been diagnosed or had features

suggestive of joint hypermobility syndrome, or Ehlers

Danlos III, according to the Beighton diagnostic criteria.

Eleven healthy subjects (three males and eight females,

aged 23 ± 7 years) from the general public and student

populations of Imperial College London and the University

of Oxford (recruited using posters and electronic adver-

tisements), not on any medications and with no history of

functional GI diseases or autonomic symptoms were also

studied. Participants were excluded if they had a history of

gastric, intestinal or colonic surgery. All patients and

healthy participants were in the normal BMI range. Verbal

and written informed consent was obtained from all par-

ticipants. All procedures received institutional and local

ethical approval.

Protocol

Each participant was asked to refrain from eating for at

least 3 h before attending the laboratory. Regular medica-

tions were withdrawn 1 day before testing. None of the

participants reported opiate or selective serotonin reuptake

inhibitors (SSRI) use in their drug histories. All partici-

pants’ orthostatic cardiovascular autonomic function was

assessed before and after the meal challenge test. Partici-

pants rested for 10 min in the supine position before

undergoing an orthostatic challenge. Blood pressure and

heart rate were recorded using upper arm sphygmoma-

nometry (GE Medical Systems, Tampa, FL, USA). Mean

arterial blood pressure was calculated as (1/3 9 systolic

blood pressure) ? (2/3 9 diastolic blood pressure). After

the orthostatic challenge, all participants rested for 15 min

before a liquid meal was ingested through a straw whilst

supine. The meal consisted of 20 g glucose and 60 g

Complan� made up to 300 ml with full cream milk. All

participants then rested for 45 min before the orthostatic

challenge was repeated. Gastric myoelectrical activity was

recorded for 15 min before and for 45 min after the

ingestion of the meal.
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EGG measurement and analysis

Gastric myoelectrical activity was measured using a four-

channel cutaneous EGG recorder (Nipro EG; Nipro, Japan)

at a sampling rate of 1 Hz. Four surface recording elec-

trodes and one reference electrode were placed on the

abdominal skin surface as described previously in detail

[12]. EGG data were analysed offline using EGG software

(EGS2 Ver. 3.1 software, EG, Ram Co., Japan). Visual

inspection of the raw EGG waves was used to select the

channel with the highest amplitude from the four channels

for further analysis, and to eliminate movement artefacts

using the EGG software. Fast Fourier transformation (FFT)

was applied to obtain EGG power spectra for 15 min

before the meal (for baseline values), for 15 min immedi-

ately after the meal (early post-prandial segment) and for

the period of 30–45 min after the meal (late post-prandial

segment). We classified frequency ranges as low

(1.6–2.0 cpm; LFR), normal (2.0–4.0 cpm; NFR) and high

(4.0–9.0 cpm; HFR). The dominant frequency (DF) was

defined as the frequency at which the overall power spec-

trum showed peak power in NFR [11]. The ratios of LFR

(LFR%), NFR (NFR%) and HFR (HFR%) components

were calculated as percentages of total power. Previous

research indicated that, in healthy subjects, DF transiently

decreases following ingestion of a meal, before returning to

pre-prandial levels, if not exceeding them [12]. To detect

the post-prandial DF dip, running spectral analysis was

performed using FFT in the range 1.6–9.0 cpm (Fig. 2).

FFT was applied to consecutive 512-s data periods with a

392-s overlap. Minimum post-prandial DF is defined as the

nadir of the post-prandial DF dip. LFR%, NFR% and

HFR% at the time of the minimum post-prandial DF were

also recorded. Running FFT was also used to obtain the

instability coefficient of DF (ICDF). ICDF is an indicator

of the variability of DF; calculated as the ratio of the

standard deviation and the mean of DF [11, 13]. ICDFs

were obtained in three 15 min EGG segments; pre-pran-

dial, and early (0–15 min) and late (30–45 min) post-

prandial.

Statistical analysis

Data are presented as mean ± standard deviation or stan-

dard error where indicated. Independent t tests or repeated

measures ANOVA were used to assess cardiovascular and

EGG responses before and after the meal and between

groups were appropriate. If a significant main effect was

found after repeated measures ANOVA, Bonferroni cor-

rection for multiple comparisons was applied. Values of

p = 0.05 were used to indicate statistical significance. All

data were analysed using an online commercial software

package (SPSS, PASW Statistics 18).

Results

GI symptoms

Seven of the PoTS patients met the inclusion criteria for the

GI symptoms group (one male and six females; mean

age = 29 ± 11 years) while eight patients did not (eight

females; mean age = 25 ± 6 years).

Cardiovascular responses

Baseline supine blood pressure was not significantly dif-

ferent between the PoTS and healthy control groups

(Table 1). Heart rate tended to be higher in the PoTS group

(p = 0.05). Baseline blood pressure was not significantly

different between PoTS patients with and without GI

symptoms but the PoTS patients without GI symptoms had

a significantly higher heart rate than PoTS with GI symp-

toms (p \ 0.05). During pre-prandial orthostatic challenge,

the elevation in heart rate was significantly higher in PoTS

compared to healthy controls (p \ 0.05) with no significant

differences between PoTS patients with and without GI

symptoms. Blood pressure was well maintained and was

not significantly different relative to supine in any group.

After the meal, diastolic blood pressure and mean arte-

rial pressure significantly decreased in the PoTS patients

(both p \ 0.05) whereas blood pressure was well main-

tained in the healthy controls. Supine heart rate did not

change after the meal but was significantly higher in the

PoTS group relative to the healthy control group

(p \ 0.05). There were no significant differences in the

post-prandial blood pressure or heart rate responses in the

patient groups with or without GI symptoms (p [ 0.05).

Heart rate remained significantly higher in the PoTS

patients without GI symptoms relative to those patients

with GI symptoms (p \ 0.05). During post-prandial

orthostatic challenge, PoTS patients had a significantly

greater increase in heart rate than healthy subjects

(p \ 0.05) with no significant differences between PoTS

patients with and without GI symptoms. Blood pressure

was well maintained in all groups.

EGG responses

On visual inspection of the raw EGG waves, the gastric

slow waves were of regular amplitude and frequency in the

healthy subject group (Fig. 1a), whereas in the patient

group participant’s waves were much less regular in both

form and frequency (Fig. 1b). There were no significant

differences in pre-prandial DF, LFR%, NFR% and HFR%

between the PoTS patients and controls, whereas pre-

prandial ICDF in the PoTS patients was significantly higher

than that in the controls (p \ 0.05; Table 2).
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DF decreased transiently after the meal before rising to

exceed pre-meal levels approximately 25 min after the

meal in the control subjects and PoTS patients, but this

response (post-prandial dip) appeared to be obscured in the

PoTS patients (Fig. 2). DF and NFR% significantly

decreased in the PoTS (both p \ 0.05) and control (both

p \ 0.05) groups, whereas LFR% and HFR% significantly

increased at the post-prandial dip compared with baseline

in the PoTS (both p \ 0.05) and control (p \ 0.05,

p \ 0.05) groups. ICDF also significantly increased in the

early post-prandial stage in the PoTS (p \ 0.05) and con-

trol (p \ 0.05) groups (Table 2). There were no significant

differences in DF, LFR%, NFR% and HFR% at the post-

prandial dip and late post-prandial stage between PoTS

patients and healthy participants (Table 2). Although there

was no significant difference in ICDF in the early post-

prandial stage between the two groups, ICDF in the PoTS

patients was significantly higher than that in the controls in

the late post-prandial stage (p \ 0.05; Fig. 3; Table 2).

With regard to subgroup analysis in the PoTS patients,

there were no significant differences in any pre-prandial

parameters between patients with and without GI symp-

toms. There were no significant differences in DF, LFR%,

NFR% and HFR% at the post-prandial dip (Table 2).

Although ICDF also showed no significant difference in the

early post-prandial stage, ICDF in the late post-prandial

stage was significantly higher in the patients with GI

symptoms compared with patients without GI symptoms

(p \ 0.05; Table 2; Fig. 3).

Discussion

Postural tachycardia syndrome is a syndrome characterised

by excessive heart rate responses to orthostasis and

orthostatic intolerance. Patients are typically young

females who develop symptoms after a major event, e.g.,

pregnancy, viral illnesses, periods of intense stress or sur-

gery. The cardiovascular features of the syndrome have

been well described [14]. Many PoTS patients also

describe non-posture-related symptoms, including func-

tional GI symptoms, such as nausea, bloating, diarrhoea,

constipation and abdominal pain [3], which have, as yet,

not been thoroughly investigated. There has been no study

that compared EGG findings between PoTS patients and

healthy subjects. Our study evaluated EGG in PoTS

Table 1 Baseline and post-

meal cardiovascular data and

responses to orthostatic

challenge tests in healthy

subjects and PoTS patients

Results of cardiovascular tests

PoTS postural tachycardia

syndrome, GI gastrointestinal

* p \ 0.05 versus Control
$ p \ 0.05 versus PoTS with GI
# p \ 0.05 versus basal pre-

prandial

Control

(n = 11)

All PoTS patients

(n = 15)

PoTS with GI

symptoms (n = 7)

PoTS without GI

symptoms (n = 8)

Pre-prandial

Basal SBP (mmHg) 114 ± 10 113 ± 8 113 ± 11 113 ± 8

Basal DBP (mmHg) 63 ± 7 65 ± 8 63 ± 8 67 ± 6

Basal MAP (mmHg) 80 ± 7 81 ± 8 80 ± 8 82 ± 6

Basal HR (beats min-1) 59 ± 13 71 ± 15 61 ± 16 81 ± 11$

Change in SBP (mmHg) 2 ± 7 1 ± 12 0 ± 13 1 ± 11

Change in DBP (mmHg) 7 ± 3 6 ± 8 6 ± 8 6 ± 6

Change in MAP (mmHg) 6 ± 3 4 ± 8 4 ± 5 4 ± 6

Change in HR (beats min-1) 10 ± 7 32 ± 15* 27 ± 5 36 ± 17

Post-prandial

Basal SBP (mmHg) 114 ± 10 109 ± 8 110 ± 8 107 ± 8

Basal DBP (mmHg) 64 ± 7 62 ± 8# 60 ± 8 63 ± 6

Basal MAP (mmHg) 81 ± 7 77 ± 8# 77 ± 8 78 ± 6

Basal HR (beats min-1) 60 ± 10 80 ± 19* 73 ± 13 87 ± 14

Change in SBP (mmHg) 2 ± 13 4 ± 8 3 ± 3 5 ± 14

Change in DBP (mmHg) 7 ± 13 5 ± 8 7 ± 5 4 ± 8

Change in MAP (mmHg) 5 ± 10 1 ± 8 5 ± 3 5 ± 8

Change in HR (beats min-1) 18 ± 13 35 ± 15* 32 ± 11 38 ± 20

Fig. 1 Representative raw electrogastrographic recordings in the

fasting state over a 5 min period in a healthy subject (a female

23 years) and a patient with postural tachycardia syndrome, with

gastrointestinal symptoms (b female 21 years)
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patients and healthy subjects, and revealed that PoTS

patients had fluctuating slow waves and high ICDF both

before and after meal ingestion, particularly in patients

with GI symptoms.

One explanation that could account for the coexistence

of functional GI symptoms and PoTS is that of a vasomotor

disturbance, since splanchnic hyperaemia has been repor-

ted as a major feature of certain PoTS patients during or-

thostasis [15] and postural symptoms are often exacerbated

after food ingestion [16]. The excessive release of vaso-

active intestinal peptides during orthostasis, resulting in

thoracic hypovolaemia, may lead to the tachycardia [15].

Inappropriate secretion of intestinal peptides could also

conceivably alter GI motility through increased delivery of

hormonal regulators.

It is possible that the link between the GI symptoms in

PoTS and functional GI disorders is predominantly psy-

chosomatic. It is thought that depression and anxiety may

be more common in PoTS patients [3, 17, 18]. Psycho-

logical disturbances, including excessive anxiety, are

common in patients with functional GI disorders, and they

strongly influence the clinical phenotype [19]. Interest-

ingly, it has been shown that acute psychological stressors

(e.g., shock avoidance tasks), which also increase sympa-

thetic nerve activity, can evoke dysrhythmic gastric myo-

electrical activity [10]. Fluctuating gastric myoelectrical

activities in our PoTS patients may thus reflect their pos-

sible anxious phenotype, although anxiety sensitivity

indices were not measured in this study. Furthermore,

PoTS patients have been shown to have features suggestive

of increased sympathetic nerve activity, e.g., a ‘hyperadr-

energic tone’ [14, 20]. A heightened level of sympathetic

nerve activity, either independent of or related to anxiety,

could also contribute to impaired gastric myoelectrical

activity [21]. Regardless of the potential cause of GI

symptoms in PoTS, because gastric emptying reflects

Table 2 EGG results

Control

(n = 11)

PoTS patients

(n = 15)

p value PoTS with GI symptoms

(n = 7)

PoTS without GI symptoms

(n = 8)

p value

DF

Pre-prandial 2.9 ± 0.1 2.7 ± 0.1 NS 2.8 ± 0.1 2.7 ± 0.1 NS

Post-prandial dip 2.2 ± 0.3* 2.1 ± 0.0 NS 2.1 ± 0.1* 2.1 ± 0.1* NS

Late post-prandial

stage

3.2 ± 0.4 3.3 ± 0.1* NS 3.4 ± 0.2* 3.3 ± 0.1* NS

LFR%

Pre-prandial DF 9.3 ± 3.1 4.3 ± 0.9 NS 4.8 ± 1.6 3.8 ± 1.2 NS

Post-prandial dip 14.9 ± 6.9* 8.2 ± 2.1* NS 6.6 ± 2.6 9.6 ± 3.2* NS

Late post-prandial

stage

7.0 ± 2.6 3.4 ± 0.6 NS 2.7 ± 0.6 4.0 ± 1.1 NS

NFR%

Pre-prandial DF 85.6 ± 4.5 93.2 ± 1.1 NS 92.2 ± 1.7 94.1 ± 1.6 NS

Post-prandial dip 78.6 ± 7.7* 87.9 ± 2.2* NS 89.7 ± 2.8 86.3 ± 3.4* NS

Late post-prandial

stage

88.3 ± 3.3 90.1 ± 2.0 NS 88.4 ± 3.1 91.5 ± 2.7 NS

HFR%

Pre-prandial DF 5.0 ± 1.5 2.6 ± 0.4 NS 3.0 ± 0.5 2.2 ± 0.5 NS

Post-prandial dip 6.7 ± 1.2* 3.9 ± 0.7* NS 3.6 ± 1.0 4.1 ± 1.0* NS

Late post-prandial

stage

4.5 ± 1.0 6.7 ± 1.8 NS 9.1 ± 3.1* 4.5 ± 1.7 NS

ICDF(%)

Pre-prandial 4.0 ± 1.0 8.8 ± 1.5 p \ 0.05 9.7 ± 2.2 8.0 ± 2.1 NS

Early post-prandial

stage

10.8 ± 1.6* 12.2 ± 1.5* NS 12.7 ± 2.1 11.8 ± 2.2 NS

Late post-prandial

stage

4.0 ± 1.1 10.1 ± 1.8 p \ 0.05 15.4 ± 2.0 5.6 ± 1.5 p \ 0.05

Repeated measures ANOVA was used to analyse responses over time and between groups; if significance was found, Bonferroni correction for

multiple comparisons was applied

DF dominant frequency, LFR % ratio of LFR (1.6–2.0 cpm) power to total power, NFR % ratio of NFR (2.0–4.0 cpm) power to total power,

HFR % ratio of HFR (4.0–9.0 cpm) power to total power, ICDF instability coefficient of dominant frequency

* p \ 0.05 versus pre-prandial value
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precise coordination between the fundus, antrum, pylorus

and duodenum, a disruption of gastric myoelectrical

activity, as observed in the PoTS patients in the present

study, would very likely lead to delayed gastric emptying,

bloating and nausea [22]; symptoms often reported in the

same patient population. Gastric dysrhythmias have also

been observed in individuals with nausea, vomiting, early

satiety, anorexia, and dyspepsia including gastroparesis

[23, 24].

Mechanistically, the high ICDF in PoTS patients in the

present study may represent dysregulation of central and/or

peripheral serotonergic and adrenergic pathways, both of

which have been reported in PoTS patients [25, 26] and in

patients with functional GI disorders [27, 28]. These

pathways are both thought to be involved in modifying

cardiovascular function [29, 30] and in regulating GI

motility [31, 32]. It is thus interesting to note that 5-HT1A

receptor agonists have been used in the treatment of

functional GI disorders [33] and that SSRIs are capable, in

some instances, of alleviating symptoms of both PoTS [34]

and functional GI disorders. It is unclear whether the

beneficial effects of these agents are mediated centrally or

peripherally.

Interestingly, 11 of the 15 PoTS patients had been

diagnosed or had features suggestive of joint hypermobility

syndrome. It is well recognised that there is an association

between joint hypermobility syndrome and functional GI

disorders [35]. It is thus possible that the connective tissue

matrix in the digestive tract is impaired in PoTS patients

with joint hypermobility syndrome. The connective tissue

matrix contributes to the passive mechanical properties of

the gut [36] and these are likely to be important in the post-

prandial gastric distension that we observed as a transient

decrease in DF (post-prandial dip) in the healthy subjects in

this study. Although the PoTS patients also demonstrated a

similar quantitative decrease, it was qualitatively irregular

and not as well defined. Meier-Ruge et al. described hypo-

peristalsis in patients with colonic desmosis (a reduction of

the connective tissue in the myenteric plexus region or

within the circular or longitudinal muscle layers), provid-

ing evidence that changes in the extracellular matrix can

affect GI motility and manifest GI symptoms [37]. Whether

or not there are qualitative or quantitative changes in the

extracellular matrix of patients with PoTS or with func-

tional GI disorders has not yet been studied but would be

important in order to corroborate this potential mechanism.

High ICDF may be also found in patients with Parkin-

son’s disease [11, 36], who have Lewy body pathology in

the myenteric plexus. However, patients with Parkinson’s

patients also exhibit reduced NFR% [36] or increased

HFR% [11], unlike our PoTS patients. The gastric slow

waves originate from the pacemaker on the major curvature

of the stomach, and interstitial cells of Cajal and the

myenteric plexus of Auerbach play an important role in

generation and propagation of the gastric slow waves [11,

36]. The abnormal EGG findings in Parkinson’s disease

most likely reflect arrhythmic or ectopic pacemaker dis-

charge due to involvement of the myenteric plexus.

Meanwhile, our PoTS patients showed preserved NFR%

and yet had high ICDF. These findings suggest increased

variability of the slow wave frequency rather than

arrhythmia of the slow waves. Abnormal sympatho-vagal

balance seems to increase fluctuations of the slow waves.

All patients stopped taking their medication the day

before testing. However, long-term effects would not

Fig. 2 Time course of mean dominant frequency after meal intake in

the healthy subjects (open circles) and postural tachycardia syndrome

(filled squares) groups. Vertical bars represent one standard error of

the mean

Fig. 3 Instability coefficient of dominant frequency (ICDF) through-

out the meal challenge test (error bars represent one standard error of

the mean). PoTS postural tachycardia syndrome, GI gastrointestinal.

*p \ 0.05 versus healthy subjects; $p \ 0.05 versus PoTS without GI

symptoms; #p \ 0.05 versus pre-meal
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necessarily be abolished by short-term cessation of therapy.

Another consideration is the small sample sizes of the

groups. Although significant differences have been detec-

ted in a study with relatively small sample sizes, a larger

study population would render the findings more robust.

In conclusion, our study showed that patients with PoTS

have abnormal gastric myoelectrical activity, indicating

increased variability of gastric slow wave frequency. The

EGG abnormality suggests involvement of autonomic/

enteric neural activities in PoTS, and might be related to

pathophysiology of functional GI symptoms in these

patients. Further investigations using additional assays,

such as manometry or gastric emptying, are required in

order to elucidate the mechanisms behind these findings.
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