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Objective To compare scintigraphic gastric emptying and antroduodenal manometry (ADM) studieswith thewire-
less motility capsule test in symptomatic pediatric patients.
Study design Patients aged 8-17 years with severe upper gastrointestinal symptoms (ie, nausea, vomiting, retch-
ing, abdominal pain) referred for ADM were recruited. A standardized protocol for ADM was used. On a different
day, participants were given a standardized meal and then swallowed the wireless motility capsule. A wireless re-
ceiver unit worn during the study recorded transmitted data. If not performed previously, a 2-hour scintigraphic gas-
tric emptying study was completed at the time of ADM testing.
Results A total of 22 patients were recruited, of whom 21 had complete scintigraphic gastric emptying study data
and 20 had complete ADM data. The wireless motility capsule test had 100% sensitivity and 50% specificity in de-
tecting gastroparesis compared with the 2-hour scintigraphic gastric emptying study. The wireless motility capsule
test detected motor abnormalities in 17 patients, compared with 10 detected by ADM. Dichotomous comparison
yielded a diagnostic difference between ADM and the wireless motility capsule test (P < .01). Migrating motor com-
plexes were recognized in all patients by both ADM and the wireless motility capsule test. The wireless motility cap-
sule test was well tolerated in all patients, and there were no side effects.
Conclusion In symptomatic pediatric patients, the wireless motility capsule test is highly sensitive compared with
scintigraphic gastric emptying studies in detecting gastroparesis, and seems to be more sensitive than ADM in de-
tecting motor abnormalities. (J Pediatr 2013;162:1181-7).

C
hildren with chronic, severe gastrointestinal (GI) symptoms, such as vomiting, early satiety, abdominal distension, and
nausea, represent a diagnostic challenge. Diagnosis of the pathophysiological abnormality underpinning these symp-
toms is often attempted through various methods, including scintigraphic gastric emptying studies and antroduodenal

manometry (ADM). A new approach, using a wireless motility capsule, offers the opportunity to evaluate patients in the pe-
diatric age using a relatively noninvasive and inexpensive technology.

Only a few studies are available for diagnosing stomach and small bowel motility disorders. The scintigraphic gastric emptying
study is considered the standard test for measuring gastric emptying time (GET). Gastric emptying of solids is tested using one of
several protocols in which a radiolabeled standardized meal is given andmeasurements of the percentage of gastric retention of the
meal are obtained at different time intervals. The radiation exposure is equivalent to 1-2 chest radiographs, and the studies can take
up to 4 hours. ADM is used to evaluate suspected upper GImotility disorders. Using a catheter with serial pressure sensors inserted
intranasally, this test can measure contraction amplitude and propagation, evaluating distal gastric and proximal small bowel mo-
tility. Basedon thepattern of pressuremeasurements,ADMmay clarifywhether a subset of gastric emptying disorders ismyopathic-
predominant or neuropathic-predominant. At present, ADM remains restricted to few specialized pediatric centers, however.

The wireless motility capsule test measures intraluminal pressure, temperature, and pH, and allows calculation of transit
times in the different segments of the GI tract, including GET. Similar to manometric studies, it can record pressure profiles
within defined segments of the GI tract. To date, experience in the use of the wireless motility capsule test in pediatrics is very
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adults and has received US Food and Drug Administration approval for use in
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were to evaluate the information obtained by the wireless motility capsule
test and the information provided by a clinically indicated scintigraphic gastric
emptying study, and to compare the results of ADM and wireless motility capsule
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ADM Antroduodenal manometry

GET Gastric emptying time

GI Gastrointestinal

MMC Migrating motor complex

SBTT Small bowel transit time
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testing performed in pediatric patients presenting to a spe-
cialty motility center with symptoms suggestive of an upper
GI tract motility disorder.

Methods

In a single-center study, children aged 8-17 years with severe
upper GI symptoms (ie, nausea, vomiting, retching, abdom-
inal pain) referred for ADM studies underwent a wireless
motility capsule test. The scintigraphic gastric emptying
study was done when clinically indicated either at the time
of the ADM or at a different time within 1 year of the wireless
motility capsule test. Any medications that affected GI motil-
ity and gastric pH were discontinued at least 3 days before
each study. The patient had to be able to swallow the wireless
motility capsule. Exclusion criteria included parenteral nutri-
tion because of the inability to tolerate enteral feedings (ow-
ing to a high likelihood that the capsule could not be emptied
to the stomach); evidence of strictures, including inflamma-
tory bowel disease; a history of esophageal or gastric surger-
ies, such as transesophageal fistula, fundoplication, or
gastrojejunostomy; and a history of gastric bezoar. The study
protocol was approved by the Institutional Review Board at
Nationwide Children’s Hospital.

ADM
ADM was performed using was a water-perfusion system
(Medical Measurement Systems, Enschede, The Nether-
lands). The catheter had 8 pressure sensors located 3 cm
apart. The catheter was placed transnasally by interventional
Figure. Example wireless motility capsule test tracing measuring
from the first sharp rise in pH from the initial ingestion time. The S
after entering the small bowel from the GET.
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radiology. There were 2-3 measuring sites in the stomach and
5-6 sites in the small intestine. The test consisted of a 4-hour
fast and a 1-hour postprandial period. The meal given during
the test varied based on patient preference.

Scintigraphic Gastric Emptying Study
The scintigraphic gastric emptying study was performed after
an overnight fast. The patient was given a standardized meal
(2 eggs, toast, jelly), with the eggs labeled with 0.5-1 mCi of
Tc-99m. The study protocol at our institution included an
initial 3-minute scan and a 2-hour follow-up scan. The scin-
tigraphic gastric emptying study definition of gastroparesis
used was >50% of the ingested radioactive material remain-
ing in the stomach at 120 minutes.

Wireless Motility Capsule Test
The wireless motility capsule test was performed according to
published guidelines with a standard meal of eggs, toast, and
jellyl or a SmartBar (SmartPill Corp, Buffalo, New York) im-
mediately after ingestion of the capsule.1 The wirelessmotility
capsule test and ADM were performed on consecutive days.
Total transit time was measured as the time between inges-

tion of the capsule and either a drop in temperature or an
abrupt loss of signal, and was confirmed by the patient’s di-
ary. GET was calculated from the time of wireless motility
capsule ingestion to pyloric passage, as determined by an
abrupt $2 pH unit increase from the lowest postprandial
value to at least 4 that did not decrease to <4 for >10 minutes
at any subsequent time. Small bowel transit time (SBTT) was
defined as the time between the passage of the capsule into
GET and SBTT. The GET is measured by subtracting the time
BTT is measured by subtracting the time from first drop in pH
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Table I. Patient demographics and presenting
symptoms by final wireless motility capsule test GET
diagnosis

Patient Sex
Age,
years Symptoms

Normal
1 M 13 Abdominal pain, constipation, abdominal distention
2 F 17 Nausea, abdominal pain, headache
3 F 12 Nausea, constipation, abdominal distention, vomiting
4 F 15 Abdominal distention, anxiety
5 M 9 Nausea, vomiting, abdominal pain, diarrhea
6 F 10 Vomiting, abdominal pain, constipation, nausea

Mild gastroparesis
7 F 14 Vomiting, abdominal pain, diarrhea
8 F 16 Nausea, vomiting, abdominal pain, constipation
9 F 17 Abdominal pain, nausea, postprandial vomiting
10 F 14 Nausea, abdominal pain, diarrhea, abdominal

distention
Severe gastroparesis

11 M 15 Nausea, vomiting, abdominal pain, constipation,
abdominal distention

12 F 13 Postprandial nausea and vomiting, abdominal
pain, headache

13 F 14 Abdominal pain, vomiting
14 F 15 Vomiting, fatigue
15 F 13 Nausea, vomiting
16 F 17 Abdominal pain, abdominal distention
17 F 16 Nausea, vomiting, constipation, headache
18 F 16 Nausea, vomiting, abdominal pain, diarrhea
19 M 17 Nausea, vomiting, abdominal pain, diarrhea
20 F 14 Nausea, abdominal pain, constipation, headache
21 F 14 Vomiting

Predominant symptoms are in bold type.
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the small bowel to when the capsule entered the cecum
(Figure).6 The definition of gastroparesis used in the
wireless motility capsule test was persistence of the capsule
in the stomach at 300 minutes after ingestion.5 Prolonged
SBTT was defined as persistence of the capsule in the small
bowel for >6 hours after entering the small bowel.2

The ranges for GET and contractility parameters have not
been established in the pediatric population; however, be-
cause our patients were predominantly teenagers, adult stan-
dards were used. A GET of#5 hours was considered normal,
5-12 hours as indicative of mild gastroparesis, and >12 hours
as severe gastroparesis.5,7 Contraction frequency, area under
the receiver operating characteristic curve, andmotility index
parameters were calculated 1 hour before (gastric contractil-
ity) and 1 hour after (small bowel contractility) gastric emp-
tying.Windows with >20% data loss were not included in the
analysis. Data corruption occurred when the receiver was out
of range of the patient for extended periods.

The contractility parameters obtained by the wireless motil-
ity capsule test were compared against normal ranges reported
in an adult cohort to identify the percentage of subjects diag-
nosed asnormal,withmild gastroparesis, orwith severe gastro-
paresis had gastric contractility and/or small bowel
contractility abnormalities. Ranges for abnormal contraction
frequency, area under the receiver operating characteristic
curve, and motility index were <29 ct/hour, <1358, and
<9.82, respectively, in the gastric region and <36 ct/hour,
<1456, and <10.57, respectively, in the small bowel region.5

Wireless motility capsule test pressure data were also ana-
lyzed for the presence of high-amplitude contractions sugges-
tive of migrating motor complex (MMC) activity using
methods described in a previous adult cohort study.8 Pres-
sure was analyzed during the fasting period, defined as 2
hours after ingestion of the standard wireless motility capsule
test meal until the resumption of a normal diet routine at 6
hours postingestion, providing up to 4 hours of analysis.
The entire analysis period was subsequently divided into gas-
tric and small bowel windows based on GET. Pressure peaks
were compared against amplitude thresholds of 27.9 mmHg
in the gastric region and 26.7 mmHg in the small bowel re-
gion. Windows that did not have at least 1 contraction that
met the respective threshold were considered to possibly
not have an MMC.

Statistical Analyses
Calculations for scintigraphic gastric emptying study and
wireless motility capsule test transit time results were done
with Spearman rank correlation and Fisher exact test analysis
of the variables. The diagnostic results for wireless motility
capsule test and ADM contractility parameters were com-
pared using a dichotomous c2 test.

Results

Twenty-two patients were enrolled in the study. Complete
scintigraphic gastric emptying study data and wireless motil-
ity capsule test GETs were obtained in 21 of these patients.
Wireless Motility Capsule Test in Children with Upper Gastrointes
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One patient had missing wireless motility capsule test data
at the time of gastric emptying.
Twenty patients completed both the ADM and wireless

motility capsule studies. One patient had missing wireless
motility capsule test data at the time of gastric emptying,
and 1 patient had missing ADM data. The 20 patients who
completed both studies included 17 females and 3 males,
aged 9-17 years (mean age, 14.3 years). Predominant symp-
toms were nausea, vomiting, early satiation, abdominal
pain, and constipation (Table I). The ADM studies
identified 10 patients with normal motility, 8 patients with
evidence of rumination, 2 patients (1 with rumination as
well) with neuropathic changes in either the antrum or
duodenum (hyperactivity and nonpropagated clusters), and
1 patient with antral hypomotility (Table II).

Comparison of Wireless Motility Capsule and
Scintigraphic Gastric Emptying Studies
Twelve patients completed the scintigraphic study at the
same time as the wireless motility capsule test. The remain-
ing 9 underwent scintigraphic studies at a different time
than the wireless motility capsule test, with a range of 256
days before to 33 days after the study (mean, 110 days be-
fore). Nine patients had delayed gastric emptying identified
by scintigraphy, and 15 patients had delayed gastric empty-
ing identified by the wireless motility capsule test
(Table II). Among the patients with complete wireless
motility capsule test data, 6 had a prolonged SBTT,
tinal Symptoms 1183
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Table II. Contractility parameters by the wireless motility capsule test for normal, mild gastroparetic, and severe
gastroparetic patients and their ADM final diagnoses, scintigraphic gastric emptying percentages at 2 hours, and SBTT

Patient Gastric contractility SB contractility ADM
Scintigraphic gastric

emptying at 2 hours, % SBTT (hours: minutes)

21 Missing data Missing data Rumination 67 1:03
Normal GET
1 No abnormalities No abnormalities Normal ADM 79 5:45
2 Abnormalities Abnormalities Normal ADM 97 3:41
3 No abnormalities Abnormalities Normal ADM 68 5:22
4 Abnormalities Abnormalities Normal ADM 57 5:01
5 No abnormalities No abnormalities Normal ADM 97 3:24
6 No abnormalities No abnormalities Rumination 84 2:37

Mild prolonged GET
7 No abnormalities No abnormalities Hyperactivity/rumination 89 3:54
8 No abnormalities No abnormalities Rumination 43 15:45
9 No abnormalities No abnormalities Neuropathic dysmotility 43 5:20
10 No abnormalities No abnormalities Normal ADM 43 6:15

Severely prolonged GET
11 Abnormalities Abnormalities Rumination 34 5:31
12 Abnormalities No abnormalities Rumination 62 5:44
13 No abnormalities No abnormalities Rumination 22 0:47
14 Abnormalities No abnormalities Rumination 74 8:40
15 Missing data Missing data Normal ADM 72 5:32
16 Abnormalities No abnormalities Antral hypomotility disorder 42 7:00
17 Abnormalities Missing data Normal motility 30 8:04
18 No abnormalities No abnormalities Normal motility 77 5:52
19 Missing data No abnormalities Rumination 47 7:21
20 Missing data Missing data Normal motility 43 3:48

SB, small bowel.

Table III. Contractile abnormalities in the antrum and
duodenum detected by the wireless motility capsule test
and ADM in groups with delayed GET of varying
severity

GET

Wireless motility capsule test

ADM*
Abnormal
gastric

Abnormal small
bowel

Normal (n = 6), n (%) 2 (33.3) 3 (50) 0 (0)
Mild gastroparesis (n = 4), n (%) 0 (0) 0 (0) 2 (50)
Severe gastroparesis (n = 8), n (%) 5 (62.5) 1 (12.5) 1 (12.5)

*Excluding rumination.
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ranging from 7 to 16.75 hours. The wireless motility capsule
test had a sensitivity of 100% and specificity of 50% for
detecting gastroparesis compared with the scintigraphic
gastric emptying study at 2 hours. There was a positive
association between the 2 studies, with P < .02 and
Spearman rank correlation of 0.5 indicating a moderate
correlation. There was also statistically significant
associations between delayed wireless motility capsule test
SBTT and delayed scintigraphic gastric emptying study
and wireless motility capsule test GET (both P < .05)
(Table II).

Comparison of Wireless Motility Capsule Test and
ADM Results
In 20 patients who underwent both the wireless motility cap-
sule test and ADM, 14 (70%) had an abnormal GET on the
wireless motility capsule test, and the other 6 had a normal
capsule emptying time. Of those with abnormal GET, 4 pa-
tients were classified with mild gastroparesis and 10 were
classified with severe gastroparesis.

Patients with Normal GET. Of the 6 patients with nor-
mal GET, 5 had a normal ADM result (Table II), and 1
was diagnosed with rumination and no other ADM
abnormality. Despite the normal GET and ADM findings, 2
of these 6 patients had abnormal gastric and small bowel
contractility parameters, and 1 had isolated abnormal small
bowel contractility; thus, 3 of 6 (50%) had a contractility
abnormality (Table II).

Patients with Mild Delay in GET. All 4 patients with
mild gastroparesis had normal gastric and small bowel con-
1184
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tractility data, but 3 of the 4 had abnormalities (hyperactiv-
ity/rumination, rumination, and neuropathic pattern)
detected by ADM (Table II).

Patients with Severe Delay in GET. Ten patients had se-
vere gastroparesis detected by the wireless motility capsule
test, of whom 7 could be evaluated for gastric contractility
(3 could not be evaluated owing to missing data) and 7 could
be evaluated for small bowel contractility (3 could not be
evaluated owing to missing data). Overall, 8 patients were
evaluable by the wireless motility capsule test in at least 1 con-
tractile window (Table II). Five of these 8 patients (62.5%)
had abnormal contractility parameters, all 5 with gastric
contractility abnormalities and 1 also with small bowel
contractility abnormalities (Tables II and III). Only 2 of
the 8 patients with severe gastroparesis had normal gastric
and small bowel contractility. One of these 2 patients had
a normal ADM vresult, and the other was diagnosed with
rumination with no other ADM abnormality. Of the 10
Green et al
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patients with severe gastroparesis detected by the wireless
motility capsule test, the ADM was normal in 4 and
abnormal in 6, 1 with an ADM diagnosis of antral
hypomotility and 5 with rumination.

Diagnostic Yield. Overall, 50% of the ADM studies were
abnormal in our 20-patient cohort. Of the 10 abnormal
ADM studies, 7 were cases of rumination only. In the 20 pa-
tients, 17 (85%) had abnormal contractility parameters in ei-
ther the gastric window or small bowel window on the
wireless motility capsule test and/or an abnormal GET. A di-
chotomous comparison yields a significant diagnostic differ-
ence between ADM and the wireless motility capsule test
(P < .01) if rumination detected by ADM is considered ab-
normal. However, if rumination (a disorder believed to be
functional) is excluded, then only 3 of 20 cases (15%) had
an abnormal ADM result. This change also yields a diagnostic
difference between the 2 tests (P < .01).

Presence of MMCs by ADM and theWireless Motility
Capsule Test. On ADM, MMCs were detected in all pa-
tients studied. On the wireless motility capsule test, contrac-
tility patterns previously correlated with MMCs8 were also
seen in all patients.

Tolerability and Safety of the Wireless Motility Cap-
sule Test. The wireless motility capsule test was well tolerated
in all subjects, and therewereno side effects in anyof thepatients.

Discussion

Although several methods for assessing pediatric GI motility
are currently available, most require a lengthy procedure, are
invasive, or include exposure to radiation. Manometry stud-
ies typically take several hours, can be uncomfortable, and are
not widely available. Scintigraphic gastric emptying studies
are available at most pediatric GI centers, but there is no con-
sensus as to the study protocol or the definition for diagnos-
ing gastroparesis in children, which differs from that in
adults.9 Our study explores an alternative technique for diag-
nosing pediatric GI motility disorders using a test that is
more convenient for the patient and the medical provider,
is less invasive, and involves no radiation.

We found a moderate correlation between scintigraphic
gastric emptying study results and the time that the wireless
motility capsule was present in the stomach. There was excel-
lent sensitivity, with the wireless motility capsule test not
missing any cases of gastroparesis diagnosed by scintigraphic
gastric emptying studies. This sensitivity is higher than that
reported in a recent adult study.1 The wireless motility cap-
sule test did diagnose more cases of gastroparesis compared
with scintigraphic gastric emptying studies, however, yield-
ing a moderate specificity for detecting gastroparesis if scin-
tigraphic gastric emptying studies are considered the gold
standard. There are several possible reasons for this discrep-
ancy. In these children, the scintigraphic gastric emptying
studies were performed for only 2 hours, not for 4 hours, be-
Wireless Motility Capsule Test in Children with Upper Gastrointes
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cause there are no standards for 4-hour gastric emptying
studies in children. Allowing the additional 2 hours might
have identified more cases of gastroparesis,10 as suggested
by the adult literature. Correlation is much higher for 4-
hour gastric emptying study results than for 2-hour results,
because emptying of the capsule is more closely related to
nearly complete emptying of the meal (<10%). At 2 hours,
there is much greater fluctuation of the potential projected
time needed to empty a meal.1 However, a recent study eval-
uating 1499 patients with scintigraphic gastric emptying
study data found good correlation of gastric retention in pa-
tients at 2 hours compared with 4 hours.11 The fact that the
wireless motility capsule test did not miss any cases of gastro-
paresis compared with the gold standard suggests that the
wireless motility capsule test may be a good screening tool
for gastroparesis in pediatric populations. The wireless motil-
ity capsule test is already validated for evaluation of suspected
gastroparesis in adults.12

Another interesting finding in this study is the association
between gastroparesis and delayed SBTT. Of our 6 patients
with delayed SBTT, 5 had gastroparesis on scintigraphic gas-
tric emptying studies, and all 6 had gastroparesis on the wire-
less motility capsule test. In previous studies in adults who
completed both scintigraphic gastric emptying and the wire-
less motility capsule studies, no association was found be-
tween gastroparesis and delayed SBTT.1 This was true both
in patients with diabetic gastroparesis and in patients with
nondiabetic gastroparesis. The reasons for referral to a motil-
ity center differed greatly between the adults in that study and
the patients in our study, however. Several wireless motility
capsule studies have shown that many patients with symp-
toms of dysmotility in one GI region often have abnormali-
ties in other regions as wells.2 Kuo et al12 examined wireless
motility capsule test data in patients with clinically suspected
gastroparesis and found that 20% had delayed SBTT as well.
This finding suggests that patients with upper GI symptoms
can have coexisting gastric and small bowel transit abnormal-
ities, both of which may be contributing to symptoms.
Currently, ADM and colonic manometry are the most

widely accepted methods for measuring pressures through
the upper and lower GI tract. Although the wireless motility
capsule test does not measure contractility in the same man-
ner as ADM owing to its free-floating nature, it is possible
that the wireless motility capsule test could be a reliable
screening tool for contractile abnormalities as well. In addi-
tion to detecting contractile abnormalities, the wireless mo-
tility capsule test’s ability to determine transit times
provides a second variable for diagnosing symptomatic pa-
tients that ADM lacks.
In symptomatic patients, even in those with normal gastric

emptying and normal ADM, a subset might have contractility
abnormalities. In the present study, 50% of the patients with
normal GET and ADM findings had gastric and/or small
bowel contractility abnormalities identified by the wireless
motility capsule test. This abnormal contractile response
was apparently not severe enough to cause a delay on scinti-
graphic gastric emptying studies. The abnormalities were not
tinal Symptoms 1185
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detected by the ADM either. Thus, ultimately there was
a group of symptomatic patients in whom traditional testing
(scintigraphic gastric emptying studies and ADM) yielded
normal results but the wireless motility capsule test was
able to detect a physiological abnormality, which might ac-
count for the symptoms. This increased diagnostic yield
could be clinically helpful in directing treatment and merits
further investigation.

Gastric and/or small bowel contractility abnormalities
were common in our patients with severe gastroparesis
(62.5%). This is consistent with the literature in adult pa-
tients with severe gastroparesis, which reports an increased
frequency of contractility abnormalities.5 Rumination is a di-
agnosis confirmed by ADM, but wireless motility capsule test
results suggest that contractility abnormalities may be com-
mon in these patients, particularly if gastric emptying is se-
verely delayed. Thus, rumination, gastroparesis, and
contractility abnormalities often coexisted in our patients.
Future studies are need to investigate whether the contractil-
ity disorders contribute to function and/or symptoms.

When comparing ADM and the wireless motility capsule
test, wireless motility capsule test contractility was abnormal
in 1 of 3 patients with an abnormal ADM excluding rumina-
tion and in 5 of 10 patients with an abnormal ADM including
rumination. ADM excluding rumination was abnormal in 1
of 8 patients (12.5%) with abnormal contractility identified
by the wireless motility capsule test. When rumination is in-
cluded, ADM was abnormal in 4 of 8 patients (50%). Thus, it
may be speculated that the wireless motility capsule test is
more sensitive than ADM for diagnosing motor abnormali-
ties in the upper GI tract. However, these results also suggest
that the 2 tests may examine different aspects of GI function
and may yield complementary information, particularly in
patients with a prolonged GET. The literature includes early
encouraging results regarding the utility of contractility mea-
surements, including the detection of decreased contraction
frequency in the stomach in gastroparesis,3 blunting of the
small bowel fed response in gastroparesis,13 and abnormal
small bowel pressure parameters when both gastric emptying
study and GET are normal.14 The present study provides an-
other example of the abnormal contractility measurements
frequently seen in symptomatic patients.

MMCs were present in all patients studied by ADM, and
a contractility pattern considered equivalent to MMCs also
was detected in all patients. In this study, the percentage of
false-positive results could not be determined, given that
no cases of absent MMC were detected by ADM. An interest-
ing scenario would have been a patient with severe myopathy
and noMMCs by ADM, to examine whether the wireless mo-
tility capsule test would also show poor contractility with no
MMCs by amplitude criteria; however, we did not have a case
like this in our series.

This study has several limitations. The first is its small sam-
ple size. A larger number of patients would help strengthen
the study’s power and possibly increase the correlation be-
tween results of the scintigraphic gastric emptying studies
and of the wireless motility capsule test. The correlation likely
1186
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also would have been stronger had a 4-hour scintigraphic
gastric emptying study been used. Another limitation is the
lack of healthy pediatric controls; however, the aim of this
study was to compare the findings from the current gold
standard studies (ADM and scintigraphic gastric emptying)
with those from a new device. Thus, having a control group
was not as important, because this study was comparing 2 di-
agnostic tests against each other to evaluate their similarity.
The patients in our series had a variety of symptoms of suf-
ficient severity to warrant referral to a motility center. A third
limitation is the difference in the timing of the scintigraphic
gastric emptying studies compared with the wireless motility
capsule test, and the fact that none of the patients underwent
concomitant wireless motility capsule and ADM testing. This
limits the concordance of data when comparing the results of
scintigraphic gastric emptying studies and ADM with those
of the wireless motility capsule test.
In summary, we studied symptomatic adolescents using

scintigraphic gastric emptying studies, ADM, and the wire-
less motility capsule test, with the goal of identifying the di-
agnostic yield of each test and exploring how they compare in
detecting motor abnormalities in the GI tract. Studies of
larger numbers of patients with symptoms suggestive of up-
per GI dysmotility, with comparison with healthy adoles-
cents, are needed to further investigate the correlation
between ADM and wireless motility capsule test, better un-
derstand the significance of the test findings regarding path-
ophysiology of the disease, and identify the optimal pediatric
patient population for this emerging technology. n

Submitted for publication Apr 18, 2012; last revision received Sep 12, 2012;

accepted Nov 14, 2012.

Reprint requests: Alex D. Green, DO, 500 Parnassus Ave, San Francisco,

CA 94143. E-mail: alex.green@ucsf.edu
References

1. Kuo B, McCallum RW, Koch KL, Sitrin MD, Wo JM, Chey WD, et al.

Comparison of gastric emptying of a nondigestible capsule to a radio-

labeled meal in healthy and gastroparetic subjects. Aliment Pharmacol

Ther 2008;27:186-96.

2. Rao SS, Kuo B, McCallum RW, Chey WD, Dibaise JK, Hasler WL, et al.

Investigation of colonic and whole gut transit with wireless motility cap-

sule and radioopaque markers in constipation. Clin Gastroenterol Hep-

atol 2009;7:537-44.

3. Sarosiek I, Selover KH, Katz LA, Semler JR, Wilding GE, Lackner JM,

et al. The assessment of regional gut transit times in healthy controls

and patients with gastroparesis using wireless motility technology. Ali-

ment Pharmacol Ther 2010;31:313-22.

4. Cassilly D, Kantor S, Knight LC, Maurer AH, Fisher RS, Semler J, et al.

Gastric emptying of a non-digestible solid: assessment with simulta-

neous SmartPill pH and pressure capsule, antroduodenal manometry,

gastric emptying scintigraphy. Neurogastroenterol Motil 2008;20:311-9.

5. Kloetzer L, Chey WD, McCallum RW, Koch KL, Wo JM, Sitrin M, et al.

Motility of the antroduodenum in healthy and gastroparetics character-

ized by wireless motility capsule. Neurogastroenterol Motil 2010;22:527-

33. e117.

6. MichalekW, Semler JR, Kuo B. Impact of acid suppression on upper gas-

trointestinal pH and motility. Dig Dis Sci 2011;56:1735-42.

7. Hasler WL. Gastroparesis: symptoms, evaluation, and treatment. Gas-

troenterol Clin North Am 2007;36:619-47.
Green et al

ercy Hospital - Kansas City September 07, 2016.
 Copyright ©2016. Elsevier Inc. All rights reserved.

mailto:alex.green@ucsf.edu


June 2013 ORIGINAL ARTICLES
8. Brun R, Michalek W, Surjanhata BC, Parkman HP, Semler JR, Kuo B.

Comparative analysis of phase III migrating motor complexes in stom-

ach and small bowel using wireless motility capsule and antroduodenal

manometry. Neurogastroenterol Motil 2012;24. 332-e165.

9. Abell TL, Camilleri M, Donohoe K, Hasler WL, Lin HC, Maurer AH,

et al. Consensus recommendations for gastric emptying scintigraphy:

a joint report of the American Neurogastroenterology and Motility So-

ciety and the Society of Nuclear Medicine. J Nucl Med Technol 2008;36:

44-54.

10. Camilleri M, Zinsmeister AR, Greydanus MP, Brown ML, Proano M.

Towards a less costly but accurate test of gastric emptying and small

bowel transit. Dig Dis Sci 1991;36:609-15.

11. Rao SS, Camilleri M, HaslerWL,Maurer AH, ParkmanHP, Saad R, et al.

Evaluation of gastrointestinal transit in clinical practice: position paper
50 Years Ago in THE JOURNAL OF PEDIATRICS

Wireless Motility Capsule Test in Children with Upper Gastrointes

Downloaded from ClinicalKey.com at The Children's M
For personal use only. No other uses without permission.
of the American and European Neurogastroenterology and Motility So-

cieties. Neurogastroenterol Motil 2011;23:8-23.

12. Kuo B, Maneerattanaporn M, Lee AA, Baker JR, Wiener SM,

Chey WD, et al. Generalized transit delay on wireless motility cap-

sule testing in patients with clinical suspicion of gastroparesis, small

intestinal dysmotility, or slow transit constipation. Dig Dis Sci 2011;

56:2928-38.

13. Brun M, Michalek W, McCallum R, Kock K, Sitrin M, Wo J. Compari-

son of small bowel postprandial response in healthy, gastroparetic and

constipated subjects as measured by wireless motility capsule (WMC).

Gastroenterology 2010;138. S-459.

14. Lee A, Michalek W, Kuo B, Group TST. Variable upper gastrointestinal

tract pathophysiological motility in gastroparesis. Neurogastroenterol

Motil 2009;21:73.
A Note on Studies of Salt Excretion in Sweat: Relationships between Rate,
Conductivity, and Electrolyte Composition of Sweat from Patients with Cystic
Fibrosis and from Control Subjects
Gibson, LE, di Sant’Agnese, PA. J Pediatr 1963;62:855-67

The sweat test is inseparably linked to cystic fibrosis (CF). In fact, early observations of high salt losses in the sweat of
patients with CF not only led to the development of the sweat chloride test in 1959, but also attracted researchers

to work on sweat glands to search for the primary disease defect. Using a highly innovative approach, Gibson and
Sant’Agnese built a device to demonstrate in vivo a linear relation between sweat secretion and salt excretion. Knowing
that sweat glands consist of a coil secreting a precursor fluid and a tubule system to reabsorb salt, the authors con-
cluded that the precursor fluid (and not tubular fluid re-absorption) is different and, thus, defective in CF. Today,
we know that defective re-absorption of salt in the sweat tubule system is responsible for elevated sweat sodium
and chloride concentrations in patients with CF. The precursor fluid, the primary fluid secreted in the coil of sweat
glands, is isotonic and unaltered in CF.

Over the past 5 decades, knowledge of sweat gland physiology has advanced greatly. Epithelial impermeability to
chloride ions in the sweat tubule was identified as the primary defect in CF in 1983, well before the Cystic Fibrosis
Transmembrane Conductance Regulator (CFTR) gene was first cloned in 1989. Although the sweat test remains the
gold standard used to diagnose CF, we recognize its limitations in identifying patients with milder or atypical disease.

We have developed a method assaying CFTR as a secretory channel following inhibition of the cholinergic pathway
and sweat stimulation with b-adrenergic drugs.1 This b-adrenergic secretory sweat test distinguishes between healthy
controls, heterozygote carriers, and subjects with milder CF variants, thus extending the spectrum for identifying
CFTR dysfunction. As was the case 50 years ago, detailed understanding of sweat gland physiology continues to further
our understanding of CF pathobiology, which is again of particular interest today in light of emerging novel therapies
modulating expression and function of the CFTR protein.
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