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Objective To assess the utility of gastrointestinal (GI) diagnostic studies in the evaluation of patients with ortho-
static intolerance.
Study design Medical records of 103 consecutive children/young adults with orthostatic intolerance and gas-
trointestinal symptoms were reviewed. All patients had undergone antroduodenal manometry in conjunction with
the tilt table test, autonomic testing, and upper gastrointestinal endoscopy (EGD). A gastric emptying study (GES)
was performed in 81 patients.
Results The median age of the cohort was 17 years (IQR, 15-19) with a female predominance (females:males,
3:1). As expected, the tilt table test was abnormal in all patients. Antroduodenal manometry was abnormal in 83 of
103 patients (81%), showing neurogenic intestinal dysmotility in 50%, rumination in 20%, and visceral hyperalge-
sia in 10%. The GES results were abnormal in 23 of 81 patients (28.4%), mostly (21 of 23) with delayed GES.
None of the tilt table test or autonomic results were predictive of abnormal antroduodenal manometry or GES. Analy-
sis of EGD biopsy samples revealed nonspecific esophagitis and/or gastritis in 16 of 103 patients (15%).
Conclusions Antroduodenal manometry with the tilt table test were the most insightful investigations in adoles-
cents and young adults with orthostatic intolerance and gastrointestinal symptoms. GES and EGD provided limited
information. Gastrointestinal symptoms were related more to functional rather than mucosal or organic etiologies,
suggesting a limited role of endoscopy alone in evaluating patients with orthostatic intolerance presenting with gas-
trointestinal symptoms. (J Pediatr 2019;205:138-44).

O rthostatic intolerance, including postural orthostatic tachycardia syndrome (POTS), affects many teenagers and
young adults, resulting in symptoms from multiple organ systems. The most common presenting symptoms
originate from the cardiovascular system; however, up to 80% of children with orthostatic intolerance also exhibit

chronic gastrointestinal symptoms, which may predominate the patient’s disability.1-3 These symptoms, which include nausea,
bloating, and abdominal pain, can lead to significant functional impairment, with absences from school or work.1,4-6 Nausea is
seen in up to 86% of patients, similar to the incidence of the hallmark cardiovascular symptom of lightheadedness (87%). In
some studies, abdominal pain has been reported more often than the cardiovascular symptoms of presyncope and syncope.2,7,8

The underlying reasons for the often medication-refractory and clinically disabling gastrointestinal symptoms are unclear.2,9,10

Patients are often referred to a gastroenterologist; however, typical gastrointestinal evaluations, including endoscopic and ra-
diologic studies, frequently fail to reveal significant abnormalities.11 In clinical practice, this often results in patient dissatisfac-
tion, health care provider frustration, high costs of care, and potentially hazardous diagnostic studies.

In this study, we reviewed the medical records of a cohort of subjects with orthostatic intolerance and chronic gastrointes-
tinal symptoms followed at our center to determine the incidence of abnormalities in different gastrointestinal studies, and to
determine their association with the presenting symptoms and cardiovascular tilt table and autonomic test results.

Methods

The Children’s National Institutional Review Board approved this retrospective chart review. The study population consisted
of consecutive patients with orthostatic intolerance and gastrointestinal symptoms who had undergone antroduodenal
manometry in conjunction with autonomic and tilt table testing between July
2011 and January 2017. We reviewed surgical pathology results from biopsy
specimens of the second part of the duodenum, duodenal bulb, antrum/
stomach, and distal and mid esophagus that were obtained during upper

EGD Esophagogastroduodenoscopy
GES Gastric emptying study
POTS Postural orthostatic tachycardia syndrome

From the 1Division of Cardiology; 2Division of
Gastroenterology, Children’s National Health System,
Washington, DC; and 3Division of Biostatistics and
Epidemiology, Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH

The authors declare no conflicts of interest.

0022-3476/$ - see front matter. © 2018 Elsevier Inc. All rights

reserved.

https://doi.org10.1016/j.jpeds.2018.09.048

www.jpeds.com • THE JOURNAL OF PEDIATRICSORIGINAL
ARTICLES

138

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpeds.2018.09.048&domain=pdf


gastrointestinal endoscopy (esophagogastroduodenoscopy
[EGD]) for antroduodenal manometry catheter placement.
We also reviewed scintigraphic gastric emptying study (GES)
findings.

Antroduodenal Manometry
The 24-hour ambulatory antroduodenal manometry study,
autonomic function test, and tilt table test have been de-
scribed previously.3 Antroduodenal manometry studies were
performed with a 6-channel solid-state (Konigsberg) manom-
etry catheter, with 3 antral channels spaced 2 cm apart and 3
duodenal channels spaced 15 cm apart, placed endoscopi-
cally into the antrum and proximal small bowel. The
antroduodenal manometry results were analyzed (1) in the
fasting state/overnight, (2) postmeal, (3) during the tilt table
test (described below), and (4) following oral administration
of erythromycin 100 mg and 250 mg, amitriptyline 25 mg, and
metoclopramide 10 mg during the study period. The pa-
tients’ families were instructed to hold all medications that
could possibly alter autonomic function for 48 hours before
the study.

The mean amplitude, frequency, and duration of phasic ac-
tivity periods were analyzed as described previously.3 Previ-
ously published norms were used for these measures.12,13 Mean
antral contractions were considered normal between 20 and
96 mmHg, with values below that range indicating hypoactivity
and values above that range indicating hyperactivity. Mean duo-
denal contractions were considered normal between 20 and
40 mmHg. The presence of phase III migrating motor com-
plexes (MMC-III) was considered to indicate normal base-
line antroduodenal motility in the fasting state.

Myopathy was diagnosed if the amplitude of antral con-
tractions was <40 mmHg and that of duodenal contractions
was <10 mmHg. Neurogenic intestinal dysmotility was diag-
nosed if there was (1) lack of fasting MMC-III; (2) presence
of simultaneous, nonpropagative, or retrograde phases; (3) pro-
longed (>30 minutes) high-amplitude clusters in duodenal
channels; (4) increase in basal tone >30 mmHg for >3 minutes
during phase II MMC (MMC-II) in a fasting state; (5) lack
of conversion from fasting MMC-III to fed MMC-II after meals;
or (6) bursts of nonpropagating phasic contractions within
30 minutes after meals. Regurgitation/rumination was diag-
nosed if vomiting was precipitated during the tilt table test,
or there were simultaneous regurgitation R-waves in all chan-
nels. Visceral hyperalgesia was diagnosed if pain was re-
ported at the time of MMC-III activity.

Autonomic Function and Tilt Table Testing
The autonomic function testing included corrected QT (QTc)
measurement on a standard pediatric 15-lead electrocardio-
gram, performance of the Valsalva maneuver (+40 mmHg for
15 seconds), and cold pressor testing (60 seconds of hand im-
mersion in ice-cold water). At 10 minutes after completion of
baseline autonomic testing, the tilt table test was performed
at 70°C for up to 30 minutes using a hydraulically controlled
motorized table or concluded earlier if the subject developed
moderate or intolerable symptoms or became presyncopal. On

the cold pressor test, a blood pressure (BP) increase of
<15 mmHg was defined as an abnormal result. The Valsalva
maneuver was defined as abnormal at a Valsalva ratio <1.5,
cardioaccelerator index <25, or vasoconstrictor index
<20 mmHg.3

As described previously, the following clinical criteria were
considered indicative of orthostatic intolerance: (1) ≥30 bpm
increase in heart rate (HR) within 10 minutes of assuming the
upright position; (2) development of cardiovascular, neuro-
logic, and gastrointestinal symptoms consistent with ortho-
static intolerance; (3) the symptoms that occurred when upright
reproduced the patient’s clinical indication for the study; (4)
the symptoms resolved or markedly improved when the patient
was placed supine at the end of the tilt test; and (5) abrupt
normalization of HR when placed back supine.3 The tilt table
test results were reported to be consistent with POTS only when
the HR increased by ≥40 bpm within 10 minutes of assum-
ing the upright position.14 Thus, the hemodynamic response
to the tilt table test was divided into 3 categories: orthostatic
intolerance (30- to 40-bpm increase in HR within 10 minutes
of assuming the upright position with development of ortho-
static intolerance symptoms and absence of hypotension), POTS
(>40 bpm increase in HR within 10 minutes of assuming an
upright position with development of orthostatic intoler-
ance symptoms and absence of hypotension), and neurally me-
diated cardiac syncope (≥30 bpm increase in HR with the
development of hypotension and symptoms of presyncope or
syncope).3

Statistical Analyses
All analyses were done using SAS 9.4 (SAS Institute, Cary, North
Carolina). Two-sided testing was performed, with P ≤.05 con-
sidered to indicate statistical significance. Summary statistics
were presented as median and IQR for continuous variables
and as count and percentage for categorical variables. Differ-
ences in continuous variables between abnormal and normal
antroduodenal manometry were examined using the Mann-
Whitney test and c2 or Fisher exact test for categorical vari-
ables. Paired data for changes in HR (increase) and systolic BP
(decrease) from baseline to the tilt table test were examined
using the Wilcoxon signed-rank test. For analysis, increases in
HR were categorized as normal (<30 bpm), abnormal (≥30 to
<50 bpm), or highly abnormal (≥50 bpm). Decreases in sys-
tolic BP were categorized as normal (<20 mmHg), abnormal
(≥20 to 40 mmHg), or highly abnormal (>40 mmHg). Ab-
normal and normal antroduodenal manometry and GES results
were then associated with the results of the cold pressor test
and Valsalva maneuver as binary variables and with changes
in HR and systolic BP as ternary variables using the c2 or Fisher
test.

Not every patient underwent both antroduodenal manom-
etry and GES; therefore, a subset of the total cohort who un-
derwent both antroduodenal manometry and GES were
examined to evaluate for statistical agreement between these
2 study results using the McNemar test. Associations between
antroduodenal manometry results and GES were tested against
autonomic test results, and various tilt table test measures were
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examined using logistic regression models and are presented
as OR and 95% CI.

Results

A total of 103 consecutive patients were reviewed, including
35 individuals who had been reported previously.3 We decided
to include these 35 patients in this cohort because in the pre-
vious report, antroduodenal manometry and tilt table test mea-
sures were not statistically analyzed owing to small sample size.
The patients ranged in age from 8 to 29 years (median, 17 years;
IQR, 15-19 years). The majority of the patients were adoles-
cents (n = 87; 85%); 6 patients were aged ≤12 years, 10 were
aged ≥20 years, and there was a preponderance of females
(76%). The predominant symptoms at presentation were
lightheadedness (87%) and nausea (86%), followed by ab-
dominal pain (76%), presyncope (38%), syncope (22%), con-
stipation (18%), and diarrhea (13%) (Figure 1). Overall, 30
patients (29.1%) had 1 or 2 symptoms, 28 patients (27.2%)
had 3 symptoms, 21 patients (20.4%) had 4 symptoms, and
24 patients (23.3%) had more than 4 symptoms.

Fifty-six of 103 patients were evaluated initially by a cardi-
ologist for orthostatic intolerance. The decision to pursue
further evaluation was based on the patient’s clinical history
of cardiovascular symptoms, pattern of response of these symp-
toms to positional changes, and response to a 10-minute in-
office standing test. If gastrointestinal symptoms were also
reported, the patient was recommended for gastrointestinal
evaluation for consideration of an antroduodenal manometry

study. Forty-seven patients were first seen in gastroenterol-
ogy, some of whom had undergone cardiologic evaluation
outside of our institution, the results of which were not readily
available. If the history included cardiovascular symptoms of
dizziness, presyncope, or syncope, the tilt table test was rec-
ommended along with the antroduodenal manometry test.

Among the 54 patients in whom treatment data were avail-
able, 53 patients were treated with increased fluids and salt
intake before undergoing the combined tilt table test with
antroduodenal manometry study. The mean interval between
evaluation in the cardiology clinic and the antroduodenal ma-
nometry study was 12.6 ± 11.9 months, so some patients were
started on a more aggressive treatment, such as fludrocortisone,
midodrine, or other medications used to treat orthostatic
intolerance.

Antroduodenal Manometry Results
During the overnight fasting period, antroduodenal manom-
etry showed normal MMC-III findings in 83 of the 103 pa-
tients (81%). Features of neurogenic intestinal dysmotility were
noted in 12 patients (12%), and significant antral hypomo-
tility was seen in 8 (7%). Antroduodenal manometry results
were abnormal in 83 patients (81%) when performed in con-
junction with the tilt table test. Antroduodenal manometry
showed features of neurogenic intestinal dysmotility in 51 of
the 103 patients (50%), rumination/regurgitation in 23 (22%),
and visceral hyperalgesia in 11 (11%); some patients had more
than 1 abnormal finding. During the tilt table test, 73 pa-
tients (71%) had 1 or more gastrointestinal symptoms repro-
duced (mostly nausea, vomiting, and abdominal pain). During

Figure 1. Distribution of gastrointestinal and cardiovascular symptoms noted in patients at presentation. Each bar represents
the total number patients with each symptom and the abnormal (dark) and normal (light) results on antroduodenal manometry.
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the tilt table test, abnormal findings were seen in 63 patients
(61%), with features of neurogenic dysmotility in 41 (39%),
antral hypomotility in 14 (13%), rumination/regurgitation in
16 (15%), and visceral hyperalgesia in 10 (9%); some pa-
tients had more than 1 abnormal finding.

The associations between antroduodenal manometry results
and symptoms are presented in Figure 1. The association
between antroduodenal manometry and syncope was signifi-
cant (P = .04), with 96% of the patients who presented with
syncope showing abnormal antroduodenal manometry results.
The odds of an abnormal antroduodenal manometry result
also trended to be high (P = .06) in the presence of multiple
baseline symptoms.

Tilt Table Test Results
The tilt table test results indicated orthostatic intolerance in
16 patients, POTS in 61 patients, and neurally mediated cardiac
hypotension in 26 patients. For the total cohort, the median
baseline HR was 78 bpm (IQR, 67-90 bpm), increasing to a
maximum of 138 bpm (IQR, 125-151 bpm; difference, 58 bpm;
IQR, 47-69 bpm; P <.001). Baseline systolic BP was 113 mmHg
(IQR, 106-119 mmHg), decreasing to 85 mmHg (IQR, 57-
103 mmHg; difference, -28 mmHg; IQR, 8-58 mmHg at the
end of the tilt period; P < .001).

GES Results
The GES was performed in 81 of the 103 patients (79%). Results
were reported as normal in 58 of the 81 patients (72%), delayed
in 21 (26%), and rapid in 2 (3%). Most patients showed an
initial delay (<50% at 2 hours) of the standard solid meal in-
gested; 3 of 21 had a delay (<50%) at 3 hours, and 2 of 21 had
<50% emptying at 4 hours.

Association of Antroduodenal Manometry
with GES
Antroduodenal manometry results were abnormal in 83 of the
103 patients (81%) (Figure 2). Among the 23 patients with

abnormal GES results, antroduodenal manometry was abnor-
mal in 18 (78%) and normal in 5 (22%). Among the 58 pa-
tients with normal GES results, antroduodenal manometry was
normal in 10 (17%) and abnormal in 48 (83%). In compari-
son, of the 83 patients (81%) with abnormal antroduodenal
manometry results, 66 (80%) underwent GES, which showed
abnormal findings in 18 (27%) and normal findings in 48
(73%). The abnormality was reported as delay in 17 of the 66
patients (26%) and rapid in 1 patient (2%). Among the 17 pa-
tients with delayed GES and abnormal antroduodenal ma-
nometry, 3 (17%) had antral hypomotility. Among the 13
patients with antral hypomotility on antroduodenal manom-
etry studies, GES was reported in 11 patients (85%) and showed
a delay in 1 patient, and 1 patient had an initial delay in the
first hour, followed by normal emptying. Fifteen of the 20 pa-
tients with normal antroduodenal manometry results (75%)
underwent GES; GES was normal in 10 of these 15 patients
(67%) and abnormal in the other 5 (33%), with a delay in 4
(80%) and rapid in 1 (20%). In the 81 patients who under-
went both antroduodenal manometry and GES, no statisti-
cal agreement was found between the antroduodenal
manometry and GES results.

Associations of Antroduodenal Manometry and
GES Results with Autonomic Testing and Tilt Table
Test Measures
No association was found between changes in HR and/or sys-
tolic BP and results of antroduodenal manometry (P = .66 and
.52, respectively) and GES (P = .43 and .78, respectively (Table).
Associations of cold pressor test results with either
antroduodenal manometry (P = .22) or GES (P = .99) results
also were not significant. Similarly, no association was found
between Valsalva maneuver results and antroduodenal ma-
nometry (P = .77) or GES (P = .54) results. Associations of QTc
with antroduodenal manometry and GES also were
nonsignificant.15 In evaluating tilt table test measures to predict
abnormal antroduodenal manometry, a trend was seen toward
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Figure 2. Antroduodenal manometry and GES results in the study population (n = 103). The flow diagram on the left shows
antroduodenal manometry findings in 81 of the 103 patients who had also undergone GES. Antroduodenal manometry was
abnormal in 83% of those with normal GES and in 78% of those with abnormal GES. The flow diagram on the right shows
GES findings based on the antroduodenal manometry results (performed in all 103 patients). The GES was normal in 73% of
the patients who had abnormal antroduodenal manometry and 67% of those who had normal antroduodenal manometry.
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lower odds of an abnormal vs normal antroduodenal ma-
nometry result if the systolic BP at baseline was high (OR, 0.95;
95% CI, 0.90-1.01; P = .08) (data not shown).

Upper Gastrointestinal Endoscopy and Biopsy
Of the 103 patients, 87 (85%) had normal endoscopy and
biopsy findings. The histological findings were reported as ab-
normal in 16 patients (15%), including chronic gastritis in 11,
esophagitis in 4, and eosinophilic esophagitis (with >50 eo-
sinophils per high-power field) in 1.

Discussion

In our cohort, antroduodenal manometry studies performed
in conjunction with tilt table test were the most insightful in-
vestigations in explaining the underlying etiology of symp-
toms in children with orthostatic intolerance and gastrointestinal
symptoms. We found that although the antroduodenal ma-
nometry measures were normal at baseline in most patients,
abnormal findings were noted in >80% patients overall, when
the antroduodenal manometry was performed in conjunc-
tion with tilt table test. In approximately 60% of the patients,
the antroduodenal manometry abnormalities were noted during
the tilt table test, similar to the results in our preliminary report.3

The most commonly observed antroduodenal manometry ab-
normalities included neurogenic intestinal dysmotility,
regurgitation/rumination, and visceral hyperalgesia. The po-
tential importance of the motility patterns noted on the
antroduodenal manometry studies lies in its utility in target-
ing future therapies. Those patients who showed antral hy-
pomotility would likely benefit from prokinetic therapy to
improve gastric emptying. The presence of neurogenic

intestinal dysmotility, especially when noted during the tilt table
test only, likely would be best approached through aggressive
management of orthostatic intolerance, which in turn likely
would lead to improvement in gastrointestinal symptoms. Those
with visceral hyperalgesia and rumination primarily would
benefit from behavioral and sensory modification therapies.

The gastrointestinal symptoms were reproduced during the
tilt table test in more than two-thirds of the patients, suggest-
ing a change in posture as a trigger for their presenting symp-
toms. Furthermore, >50% of the patients also had associated
abnormal manometric findings. A change in posture during
the tilt table test in children with POTS has been shown to lead
to abnormal gastrointestinal motility as demonstrated on
electrogastrogram studies.16

GES was performed in approximately 80% of the patients
in our cohort and was abnormal in approximately 30% of them.
Previous studies have reported abnormal GES in 30%-60% of
subjects with orthostatic intolerance.2,10,11 Delayed GES was re-
ported in approximately 25% of children undergoing GES for
suspected gastroparesis.17 Delayed gastric emptying was a more
common abnormality, in contrast to a previous study report-
ing rapid rather than delayed gastric emptying in two-thirds
of patients with an abnormal GES.11 Interestingly, in that report,
it was noted that the patients with delayed gastric emptying
had vomiting as a predominant symptom and more severe
adrenergic dysfunction noted on autonomic testing. In another
report of adults with POTS, delayed GES was noted in 50%
of those who completed the study.2

Even though in our cohort, 96% of patients presenting with
the cardiovascular symptom of syncope showed abnormal
antroduodenal manometry findings, none of the autonomic
function tests or tilt table test parameters were predictive of
abnormal antroduodenal manometry and GES results,

Table. Association of antroduodenal manometry and GES results with autonomic function and tilt table test parameters

Parameters

Antroduodenal
manometry, n (%) P value GES, n (%) P value

Total Abnormal Normal Total Abnormal Normal

DHR during tilt table test .66 .43
Normal 1 (1) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)
Abnormal 28 (27.2) 24 (85.7) 4 (14.3) 23 (28.4) 8 (34.8) 15 (65.2)
Very abnormal 74 (71.8) 58 (78.4) 16 (21.6) 58 (71.6) 15 (25.9) 43 (74.1)

DBP during tilt table test .52 .78
Normal 44 (42.7) 33 (75) 11 (25) 35 (43.2) 11 (31.4) 24 (68.6)
Abnormal 20 (19.4) 17 (85) 3 (15) 18 (22.2) 4 (22.2) 14 (77.8)
Very abnormal 39 (37.9) 33 (84.6) 6 (15.4) 28 (34.6) 8 (28.6) 20 (71.4)

Cold pressor test .22 .99
Normal 25 (69.4) 20 (80) 5 (20) 20 (71.4) 5 (25) 15 (75)
Abnormal 11 (30.6) 6 (54.5) 5 (45.5) 8 (28.6) 2 (25) 6 (75)
Not done=67

Valsalva maneuver .77 .54
Normal 23 (26.1) 19 (82.6) 4 (17.4) 16 (23.2) 6 (37.5) 10 (62.5)
Abnormal 65 (73.9) 51 (78.5) 14 (21.5) 53 (76.8) 15 (28.3) 38 (71.7)
Not done=5

QTc 1.00 1.00
Normal 74 (71.8) 60 (81.1) 14 (18.9) 56 (69.1) 12 (21.4) 44 (78.6)
Abnormal* 29 (28.2) 23 (79.3) 6 (20.7) 25 (30.9) 11 (44) 14 (56)

BP, blood pressure; HR, heart rate; QTc, corrected QT interval.
*QTc >0.44 was considered abnormal, based on criteria of Rautaharju et al.15
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suggesting that the autonomic nervous system may have an
independent role in causing gastrointestinal symptoms in this
group of patients. Changes in cardiovascular nervous activ-
ity may trigger gastrointestinal symptoms, but these appear to
occur independent of changes in the cardiac nervous system.
This finding suggests that the primary therapy for most pa-
tients, especially those with neurogenic intestinal dysmotility,
would be to improve the orthostatic intolerance rather than
to treat the nausea or modify gastrointestinal motility directly.

In our review, we found no agreement between GES and
antroduodenal manometry results. Among those patients with
an abnormal antroduodenal manometry study, only one-
fourth had an abnormal GES. A normal GES did not rule out
the possibility of an abnormal antroduodenal manometry. In
fact, GES was normal in 70% of all patients who underwent
the test, similar to findings in other studies of GES in chil-
dren with nausea.17 The antroduodenal manometry study was
abnormal in 83% of the patients with a normal GES and in
78% of those with an abnormal GES, indicating the different
physiological bases of these 2 tests. The GES primarily evalu-
ates the transit of gastric contents into the proximal small bowel,
regardless of antroduodenal motility, whereas the antroduodenal
manometry is a test of the motor function of the antral and
proximal small bowel muscles and does not always correlate
with the transit of gastric contents.18,19

Adult subjects with POTS have similar severity of auto-
nomic symptoms across all functional domains as seen in pa-
tients with autonomic failure.20 It has been suggested that
individuals with POTS have an element of autonomic dys-
function that extends beyond their orthostatic intolerance.20

In a group of adolescents with POTS, 42% had abnormal GES
results; gastric emptying was delayed in 6 and accelerated in
7 of the 13 abnormal studies.5 The authors could not find a
correlation between GES results and HR response to the tilt
table test. Among the adult patients with POTS, 66% had an
abnormal GES, with rapid gastric emptying predominating,
in contrast to the delayed GES noted in our report.20 Mea-
sures of autonomic function and orthostatic testing did not
discriminate among normal, rapid, or delayed GES. Collec-
tively, the 2 studies suggest the independence of autonomic dys-
function in cardiovascular and gastrointestinal functions.

We found normal endoscopic biopsy results in most pa-
tients, with a few patients showing nonspecific chronic gas-
tritis and esophagitis and only 1 patient with evidence of
eosinophilic esophagitis. Upper endoscopy has been shown to
be of limited value in children with gastroparesis; however, in
a recent study unrelated to orthostatic intolerance, it re-
vealed increased evidence of gastritis in both patients with
gastroparesis and age-matched controls.21,22 Our data suggest
that even in patients with significant gastrointestinal symp-
toms, routine endoscopic investigation might not reveal un-
derlying mucosal or organic conditions. In fact, the upper
gastrointestinal symptoms are nonspecific and are similar to
those typically reported by most patients with functional mo-
tility disorders.4

Our review of this cohort of patients with orthostatic in-
tolerance and gastrointestinal symptoms favors investigation

by antroduodenal manometry performed in conjunction with
the tilt table test. However, this approach is possible in only a
limited number of institutions, because it requires staff with
expertise in gastrointestinal motility studies and capital-
intensive equipment, is labor-intensive, and includes the
nociceptive burden of antroduodenal manometry for pa-
tients. Since the GES had poor diagnostic yield, and had a
poor correlation with antroduodenal manometry findings,
and the other routine gastrointestinal investigations such as
upper endoscopy with biopsy provide no meaningful insight,
other centers with expertise in performing gastrointestinal
motility studies could incorporate an evaluation of gastroin-
testinal symptoms in patients with orthostatic intolerance
through a combined antroduodenal manometry and tilt table
test study. Further corroboration of this finding from other
centers could aid in developing a pathway for diagnostic
evaluation of the gastrointestinal symptoms in this complex
systemic condition.

Limitations of our study include its retrospective nature.
The diagnostic workup was based mainly on the subjects’
presenting symptoms, which were not assessed using a stan-
dardized questionnaire. GES was performed in 80% of the
patients, and antroduodenal manometry was performed in
100%. This might introduce a symptom-based confounding
factor in comparison between these 2 diagnostic studies. We
classified our patient into 2 disease groups: orthostatic intol-
erance and postural orthostatic tachycardia syndrome. Changes
in the accepted definition of a positive tilt table test have
resulted in an asymptomatic population of normal children,
which in our experience underestimates the number of symp-
tomatic patients with true orthostatic intolerance using the
new criteria.14

We conclude that gastrointestinal symptoms in patients with
orthostatic intolerance/POTS are mostly related to func-
tional gastrointestinal disorders. Although orthostatic chal-
lenge may be a common trigger for the gastrointestinal
symptoms, alterations in cardiovascular and gastrointestinal
function appear to be independent. The diagnostic utility of
antroduodenal manometry with the tilt table test is high, and
routine gastrointestinal studies such as upper gastrointesti-
nal endoscopy with biopsy and GES have a limited role in the
diagnostic workup of children with orthostatic intolerance/
POTS and gastrointestinal symptoms. ■
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