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Abstract

Background The prevalence of generalized transit delay

and relation to symptoms in suspected gastroparesis, intes-

tinal dysmotility, or slow transit constipation are unknown.

Aims The aims of this study were (1) to define prevalence

of generalized dysmotility using wireless motility capsules

(WMC), (2) to relate to symptoms in suspected regional

delay, (3) to compare results of WMC testing to conventional

transit studies to quantify new diagnoses, and (4) to assess the

impact of results of WMC testing on clinical decisions.

Methods WMC transits were analyzed in 83 patients with

suspected gastroparesis, intestinal dysmotility, or slow

transit constipation.

Results Isolated regional delays were observed in 32%

(9% stomach, 5% small bowel, 18% colon). Transits were

normal in 32% and showed generalized delays in 35%.

Symptom profiles were similar with normal transit, isolated

delayed gastric, small intestinal, and colonic transit, and

generalized delay (P = NS). Compared to conventional

tests, WMC showed discordance in 38% and provided new

diagnoses in 53%. WMC testing influenced management in

67% (new medications 60%; modified nutritional regimens

14%; surgical referrals 6%) and eliminated needs for test-

ing not already done including gastric scintigraphy (17%),

small bowel barium transit (54%), and radioopaque colon

marker tests (68%).

Conclusions WMC testing defines localized and gen-

eralized transit delays with suspected gastroparesis, intes-

tinal dysmotility, or slow transit constipation. Symptoms

do not predict the results of WMC testing. WMC findings

provide new diagnoses in [50%, may be discordant with

conventional tests, and can influence management by

changing treatments and eliminating needs for other tests.

These findings suggest potential benefits of this method in

suspected dysmotility syndromes and mandate prospective

investigation to further define its clinical role.

Keywords Gastric emptying � Colonic transit � Nausea

and vomiting � Constipation � Intestinal pseudoobstruction

Introduction

Tests of regional transit commonly are obtained to exclude

delayed gastric emptying in gastroparesis, retarded small

bowel transit in intestinal dysmotility, and impaired colon

propulsion in slow transit constipation [1, 2]. Gastroparesis

often presents with nausea and vomiting, symptoms consid-

ered referable to the upper gastrointestinal tract [3]. However,

many gastroparesis patients report bloating, distention,
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abdominal pain, and bowel habit disturbances suggesting

lower gut involvement as well [3, 4]. Slow transit constipation

typically is characterized by passage of hard stools at infre-

quent intervals [2]. However, complaints of patients with slow

colonic transit may also include nausea, vomiting, bloating,

and distention possibly reflecting more proximal involvement

[5]. These observations raise the possibility of diffuse

dysmotility in cases of suspected local delays.

Indeed, studies which demonstrate regional transit delays

in some patients are associated with more generalized gut

motor abnormalities. Subsets of patients with slow transit

constipation exhibit disturbed esophageal sphincter and

body function, delayed gastric emptying, and abnormal an-

troduodenal motility that may have prognostic importance in

predicting outcomes from aggressive therapies such as

colectomy [6–17]. The prevalence and severity of lower gut

abnormalities in patients with gastroparesis are less well

studied. A standardized wireless motility capsule (WMC)

method has been developed to measure regional transit in the

stomach, small intestine, and colon by detecting character-

istic pH changes in suspected gastroparesis and slow transit

constipation [18, 19]. Using this technique, a subset of

patients in a gastroparesis trial showed delayed colon transit

[20]. A rigorous assessment of generalized transit delays in

patients with suspected isolated gastroparesis, intestinal

dysmotility, or slow transit constipation in routine clinical

practice has not been performed.

This study accessed databases at two referral centers for

disorders of gastrointestinal motility to address four specific

aims. The first aim was to define the prevalence of regional

versus diffuse gut transit delays in patients referred for

testing of the stomach, small intestine, or colon using a

WMC. The second aim was to delineate symptoms in dif-

ferent subsets to assess if presentations are different with

localized delays in the stomach, small intestine, and colon

versus with generalized dysmotility. The third aim was to

compare WMC results to prior conventional studies of gut

motor function to ascertain if new diagnoses were provided

using the capsule method. The final aim was to assess

treatment decisions and needs for additional diagnostic

evaluation made after WMC testing to estimate changes in

patient management. Through these studies, we hoped to

characterize regional and generalized dysmotility patterns in

patients referred for testing of presumed gastroparesis,

intestinal dysmotility, or slow transit constipation.

Materials and Methods

Patient Population

Patients undergoing WMC testing (SmartPill, SmartPill

Corporation, Buffalo, NY) to exclude delayed gastric,

small intestinal, or colonic transit between September 2007

and May 2010 were identified by retrospective review of

the electronic Longitudinal Medical Record database at

Massachusetts General Hospital and the CareWeb and

Gastrointestinal Physiology Laboratory databases at Uni-

versity of Michigan Hospital. Database access and data

analysis protocols were approved by Institutional Review

Boards at both centers and waivers of informed consent

were granted at each site.

Data Acquisition and Analysis

Data were acquired relating to symptom presentations,

prior diagnostic evaluations, WMC interpretations, and

management decisions made after WMC testing.

Clinical Data

Outpatient clinic notes from several ordering physicians

were reviewed to assess demographic data and symptom

presentations of patients with presumed gastroparesis, intes-

tinal dysmotility, or slow transit constipation. Demographic

factors included numbers and percentages of patients

who were female versus male, mean age, numbers and per-

centages of patients[50 years old, mean body mass index

(BMI), numbers and percentages of patients who were obese

(BMI [ 30 kg/m2) or underweight (BMI \ 18.5 kg/m2),

and numbers and percentages of patients with diabetes, prior

gastrointestinal surgery or resection (only including fundo-

plication, partial or total gastric resection, bariatric surgery,

small bowel resection, or partial or total colectomy), prior

malignancy anywhere in the body, prior or current psychi-

atric illness, and prior or current neurologic disease. Symp-

toms were stratified into those referable to the upper gut

(nausea, vomiting, fullness, early satiety, and symptoms of

gastroesophageal reflux disease [GERD]), to the lower gut

(constipation, straining, hard stools,\3 bowel movements/

week, incomplete evacuation, need for digital disimpaction,

and diarrhea), and not localizable to a specific region

(anorexia, bloating, distention, and abdominal pain or dis-

comfort). Symptoms were recorded as being present or not

present (either specifically denied in the medical record or

not referred to). Outpatient records describing rationales for

obtaining WMC testing were reviewed to ascertain if referral

was for a suspicion of or to exclude delayed gastric, small

intestinal, or colonic transit. Records prior to WMC

recordings were reviewed for prior diagnostic tests of gastric,

small intestinal, and/or colonic motor activity including

gastric scintigraphy, small intestinal barium radiography for

transit determination, radioopaque marker assessment of

colon transit, and measures of anorectal outlet obstruction

(anorectal manometry and balloon expulsion testing). Most

prior transit tests were performed at outside community
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institutions and many did not adhere to published practice

guidelines [1]. Methodologies employed were diverse and

inconsistent and the listed definitions for transit abnormality

frequently were not validated. For example, gastric scintig-

raphy testing often employed scans of 90–240 min duration

with variable reporting of t1/2 or % emptying/retained at 90,

120, or 240 min. Methods to measure small intestinal transit

are not rigorously validated; in the absence of widely

accepted techniques, many centers (including both in this

study) employ barium radiography to measure transit with

normal ranges defined from each institution. At both aca-

demic centers, a small bowel transit time[4 h is considered

delayed. Most referring centers employed a radioopaque

marker colon transit protocol involving performance of a

single radiograph 5 days after swallowing a marker capsule;

conversely, both academic institutions perform colon transit

testing using the Metcalf method of serial radiographs [21].

Clinic notes were reviewed to assess if these tests were or

were not performed (this includes notes which stated the tests

were not performed and notes in which no mention of the

tests were made).

Wireless Motility Capsule Data Analysis

Interpretations of results of WMC testing were gleaned

from outpatient records. pH tracings quantified times for

gastric emptying, small intestinal transit, and colon transit

using accepted methods (MotiliGI, SmartPill Corporation,

Buffalo, NY) [18, 19]. Prior to WMC ingestion at both

centers, patients discontinued proton pump inhibitors for

7 days, histamine H2 receptor antagonists for 3 days, opi-

ates for 3–7 days, laxatives for at least 3 days, and anti-

cholinergic agents for 3 days. Patients on stable doses of

antihypertensives or antidepressants for at least 3 months

were allowed to remain on these drugs during testing.

Gastric emptying times were calculated from the time of

WMC ingestion to pyloric passage, as determined by an

abrupt C2 pH unit increase from the lowest postprandial

value to at least 4 that did not decrease below 4 for

[10 min at any subsequent time. Delayed gastric emptying

was diagnosed when the emptying time exceeded 5 h [18].

Small intestinal transit times were calculated from the time

of pyloric passage to ileocecal junction transit, as deter-

mined by an abrupt pH decrease of C1.0 pH unit at least

30 min after gastric evacuation that persisted for at least

10 min. Delayed small intestinal transit was determined

when transit times exceeded 6 h, based on 95% cutoff

values from control studies [19]. Colon transit times were

calculated from the time of ileocecal junction transit to the

time of anal expulsion, as determined by abrupt 0.045�F/

second temperature decreases. Delayed colon transit was

diagnosed when transit times exceeded 59 h [19]. Previous

studies have observed that rare patients (\10%) do not

exhibit pH decreases as the capsule passes the ileocecal

junction [19, 22]. In such instances, specific values for

small intestinal and colonic transit can not be determined.

Small intestinal and colonic transit values were not cal-

culated for individuals not exhibiting ileocecal junction pH

decreases in this study. Sensitivities of conventional test

and WMC findings were calculated by dividing the number

of patients exhibiting a transit abnormality in the region of

suspected delay by the total number of patients with sus-

pected delay in the same region undergoing testing. The

specificity of WMC testing was calculated by dividing the

number of patients with normal transit in a given region by

the total number of patients with a suspicion of normal

transit in the same target region. Positive test agreement

was calculated by determining the percentage with abnor-

mal transit on conventional testing who also exhibited

abnormal WMC transit in a given target region. Negative

test agreement was calculated by determining the per-

centage with normal transit on conventional testing who

also exhibited normal WMC transit in a target region.

Management Decisions

WMC findings were compared to results of prior conven-

tional motility testing in outpatient notes to determine if a

new diagnosis was provided and if there was discordance

between capsule and conventional methods. One criterion

for a new diagnosis would be satisfied if the WMC was the

only abnormal transit test performed for a particular gut

region. A second criterion for a new diagnosis could also

be satisfied in individuals who had undergone prior transit

testing. For example, if prior scintigraphy showed normal

gastric emptying but wireless capsule emptying time was

abnormal, this finding would indicate a new diagnosis of

gastroparesis. If prior barium series showed normal transit

but capsule recordings revealed abnormal small bowel

transit, this finding would be a new diagnosis of impaired

small intestinal transit. If radioopaque marker testing was

normal but capsule recordings showed abnormal colon

transit, this finding would indicate a new diagnosis of slow

transit constipation.

Clinic records dictated after WMC testing were ana-

lyzed to determine if management decisions were influ-

enced by diagnostic findings. Specifically, notes were

reviewed to determine if new medication regimens, mod-

ification of nutritional programs (including diet changes or

initiation of enteral or parenteral feedings), or surgical

referrals for colectomy for refractory slow transit consti-

pation were ordered after obtaining WMC results.

Finally, outpatient notes recorded after WMC perfor-

mance were reviewed to determine if capsule testing

eliminated needs for additional tests of motor function. If

testing was performed for presumed gastroparesis and the
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patient did not undergo gastric scintigraphy before or after

WMC recording, this indicated elimination of the need for

nuclear medicine gastric emptying scanning. If testing was

performed for presumed small intestinal delay and the

patient did not undergo barium transit testing before or

after WMC recording, this indicated elimination of the

need for radiographic transit studies. If testing was per-

formed for presumed slow transit constipation and the

patient did not undergo radioopaque marker studies before

or after WMC recording, this indicated elimination of the

need for marker studies.

Statistical Analysis

Simple frequencies and relative frequencies were used to

summarize data. Associations between categorical variables

were evaluated using contingency tables and observed

associations were statistically assessed using Fisher’s exact

test in the case of 2 by 2 tables, and using the procedure of

Freeman and Halton for larger tables [23]. A nominal sig-

nificance level of 0.05 was used in all testing and all analyses

were performed using SAS version 9.2.

Results

Demographic Information

Demographic data on 83 patients referred to the two insti-

tutions for WMC definition of dysmotility syndromes are

shown in Table 1. Patients were predominantly female

(79.5%) with a mean age of 43.7 ± 1.6 years. Mean BMI

was 24.9 ± 0.7 kg/m2; some were obese or overweight. A

small number (14.6%) were diabetics. Very few had

undergone prior gastrointestinal surgery or resection (7.2%)

(2 Nissen fundoplication, 2 bariatric surgery, 2 hemicolec-

tomy) or had received treatment for malignancy (8.5%) (1

colon carcinoma, 1 appendiceal carcinoma, 1 breast carci-

noma, 1 renal cell carcinoma, 1 cervical carcinoma, 1

ovarian carcinoma, 1 basal cell carcinoma). No individual

had a known active neoplasm at the time of WMC study.

Psychiatric diseases were prevalent (52.4%) (25 depression,

4 bipolar, 9 anxiety disorder, 7 eating disorder, 1 autism).

Likewise, neurologic conditions were commonly reported

(26.8%) (9 headaches including migraines, 3 seizure dis-

order, 2 multiple sclerosis, 2 cerebral palsy, 3 mitochondrial

disorder, 1 dysautonomia, 1 postural orthostatic tachycardia

syndrome, 1 reflex sympathetic dystrophy, 1 myotonia

congenita, 1 traumatic brain injury, 1 corpus callosum

agenesis).

Clinical Data

Reasons for WMC testing were assessed by medical record

review. Thirteen of 83 patients (15.7%) were referred with

a suspicion of or to exclude delayed gastric emptying only,

3 (3.6%) were referred with a suspicion of or to exclude

delayed small intestinal transit only, 23 (27.8%) were

referred with a suspicion of or to exclude delayed colon

transit only, and 41 (49.4%) were referred with a suspicion

of or to exclude generalized transit delays involving C2 gut

regions. Clinical suspicion could not be gleaned for 3

patients (3.6%). Of 41 patients with suspected generalized

delays, 3 (3.6% of total) had suspected delays in the

stomach and small intestine, 2 (2.4%) had suspected delays

in the small intestine and colon, 31 (37.3%) had suspected

delays in the stomach and colon, and 5 (6.0%) had sus-

pected delays in all 3 regions.

A range of symptoms was reported by patients under-

going WMC testing, including 62 (74.7%) with upper gut,

70 (84.3%) with lower gut, and 75 (90.4%) with non-

localizable symptoms. Symptom profiles were not recorded

for 2 patients (2.4%). Numbers reporting individual upper

gut symptoms were 50 (60.2%) for nausea, 37 (44.6%) for

Table 1 Demographic

characteristics of the study

population

All percentages based on

available data. Calculations

using denominators \83 total

patients reflect unknown data

values

Factor Analysis Result

Gender Number (%) female 66/83 (79.5%)

Number (%) male 17/83 (20.5%)

Age Mean ± SEM 43.7 ± 1.6 years

Number (%) [50 years 31/83 (37.3%)

Body mass index Mean ± SEM 24.9 ± 0.9 kg/m2

Number (%) [30 kg/m2 13/67 (19.4%)

Number (%) \18.5 kg/m2 7/67 (10.4%)

Associated conditions Number with diabetes 12/82 (14.6%)

Number with prior gastrointestinal surgery or resection 6/82 (7.2%)

Number with prior malignancy 7/82 (8.5%)

Number with psychiatric disease 43/82 (52.4%)

Number with neurologic disease 22/82 (26.8%)
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vomiting, 16 (19.3%) for fullness, 30 (36.1%) for early

satiety, and 14 (16.9%) for GERD symptoms. Reports of

lower gut symptoms included 59 (71.1%) for constipation,

32 (38.6%) for straining, 18 (21.7%) for hard stools, 35

(42.2%) for \3 bowel movements/week, 17 (20.5%) for

incomplete evacuation, 8 (9.6%) for digital disimpaction,

and 26 (31.3%) for diarrhea. Reports of non-localizable

symptoms included 18 (21.7%) for anorexia, 39 (47.0%)

for bloating, 18 (21.7%) for distention, and 67 (80.7%) for

pain or discomfort. Figure 1 shows rates of symptom

reporting for suspected delayed gastric, small intestinal, or

colonic transit. Upper gut symptoms were reported more

often with suspected delayed gastric emptying than in those

without suspected delayed gastric emptying, while lower

gut symptoms were reported more often with suspected

delayed colonic transit than in those without suspected

delayed colonic transit (both P \ 0.0001). There was a

trend to reduced reports of lower gut symptoms with sus-

pected delayed gastric emptying (P = 0.09). Reports of

upper gut (87.8%), lower gut (95.1%), and non-localizable

(92.7%) symptoms were similar in 41 patients with sus-

pected generalized delays.

Medical record review revealed which conventional

motility tests were performed before WMC testing. Forty-

four of 52 patients with suspected delayed gastric emptying

(84.6%) underwent gastric scintigraphy; 17 of these

(38.6%) exhibited abnormal emptying. Six of 13 with

suspected delayed small intestinal transit (46.2%) under-

went small bowel barium radiography; 4 of these (66.7%)

exhibited abnormal small intestinal transit. Sixteen of 61

with suspected slow colonic transit (26.2%) underwent

radioopaque marker testing; 9 of these (56.2%) exhibited

abnormal colonic transit. Forty-two of this group (68.9%)

underwent anorectal outlet function testing; 27 of these

(64.3%) exhibited outlet dysfunction.

Wireless Motility Capsule Recording Data

WMC studies provided complete recordings of gastric,

small intestinal, and colonic transit in 77 of 83 patients

(92.8%). Two (2.4%) did not exhibit pH decreases

reflecting ileocecal junction transit and 2 (2.4%) had not

evacuated the capsule at the time the recorder was returned.

In 2 (2.4%), the capsule did not leave the stomach during

the recording period and no small intestinal or colonic data

were obtained (in both individuals, capsule passage was

documented after the study was completed). Of the 77

complete recordings, 7 (9.1%) showed isolated delayed

gastric emptying, 4 (5.2%) showed isolated delayed small

intestinal transit, 14 (18.2%) showed isolated delayed

colonic transit, 27 (35.1%) showed generalized abnormal-

ities in C2 regions, and 25 (32.5%) showed normal transit

in all three regions. Of the 27 with generalized

abnormalities, 1 (1.3% of the total evaluated) had abnormal

transit in the stomach and small intestine, 4 (5.2%) had

abnormal transit in the small intestine and colon, 20

(26.0%) had abnormal transit in the stomach and colon, and

2 (2.6%) had abnormal transit in all regions. In those with

either suspected gastric emptying delay or colon transit

delay, sensitivities of conventional and WMC tests were

similar (Table 2). The sensitivity of barium testing was

66.7% for finding a small bowel transit abnormality versus

9.1% for WMC testing. Specificities of WMC testing for

confirmation of normal transit in the target region (e.g.

normal gastric emptying in those with no suspicion of

delay) ranged from 61.1 to 84.4%. Patients with suspected

delays in one region often exhibited abnormal WMC transit

in other regions (Table 2).

Complete WMC transit data in all three regions facili-

tated determination of diagnosis in 77 cases. Diagnoses

also were provided for six patients with incomplete data

collection, but confident exclusion of transit delays in all

three regions was not possible in these individuals. Com-

pared to conventional testing, WMC analyses provided

new diagnoses in 44 cases (53.0%), including 7 (8.4%) new

gastroparesis diagnoses (based on isolated delayed gastric

emptying), 3 (3.6%) new small intestinal dysmotility

diagnoses (based on isolated delayed small intestinal

transit), 11 (13.3%) new slow transit constipation diagno-

ses (based on isolated delayed colonic transit), and 23

(27.7%) new generalized dysmotility cases. Of these 23

cases, 1 (1.2% of the total) had abnormal transit in the

stomach and small intestine, 4 (4.8%) had abnormal transit

in the small intestine and colon, 16 (19.3%) had abnormal

transit in the stomach and colon, and 2 (2.4%) had

abnormal transit in all three regions. Discordance was

noted in 38% of patients for regional WMC findings versus

scintigraphy measures of gastric emptying, barium radi-

ography measures of small intestinal transit, and radio-

opaque marker measures of colonic transit. Table 3

presents concordance and discordance for WMC and con-

ventional test findings and positive and negative test

agreements.

Symptom profiles were relatable to WMC transit pro-

files for 75 patients (Fig. 2). There were no differences in

prevalences of upper gut (P = 0.17), lower gut (P = 0.28),

or non-localizable (P = 0.75) symptoms with isolated

gastric, small intestinal, or colonic transit abnormalities,

generalized transit abnormalities, or normal transit in all

regions.

Management Decisions

Changes in clinical management were ordered after WMC

testing in 65 patients (Table 4). Changes in medication

regimens were recommended for 39 patients (60.0%),
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while changes in nutritional programs were made in 9 cases

(13.8%). Medication changes were recommended less

often in those with normal transit in all gut regions versus

other transit delays (P = 0.03). Referrals to surgery for

colectomy were placed in 4 patients (6.2%), mainly in

those with colon transit abnormalities. Changes in man-

agement were related to abnormal versus normal regional

transit in 69 patients (Fig. 3). Findings of abnormal versus

normal gastric emptying time or small intestinal transit

time did not influence any management change (all

P = NS). Findings of abnormal versus normal colonic

transit time did not influence changes in nutritional pro-

grams (P = 0.72). Finding abnormal colon transit

increased the percentage of patients with changes in med-

ication regimens (P = 0.02) and showed trends to

increasing surgical referrals (P = 0.12).

WMC testing avoided additional studies in some

patients for whom no regional transit testing had been

performed. Needs for nuclear gastric emptying testing were

eliminated in 9 of 52 patients (17.3%). Many individuals

had undergone prior gastric scintigraphy prior to referral

for WMC testing. Barium radiography to assess small

intestinal transit was avoided in 7 of 13 cases (53.8%).

Needs for radioopaque marker testing were eliminated in

41 of 60 patients (68.3%); anorectal outlet function testing

was not avoided by WMC performance (0%).

Discussion

Gastric emptying scans are obtained for symptoms of

gastroparesis, while tests of small intestinal or colonic

transit are ordered if intestinal dysmotility or slow transit

constipation is suspected [1, 2]. Yet, many patients with

typical gastroparesis symptoms like nausea and vomiting

report bloating or distention that could refer to the distal

gut while constipated patients may note nausea or vomiting

suggesting possible upper gut dysfunction [2–5]. In using

WMCs to measure gastric, intestinal, and colonic transit in

one test, this study provides detailed description of gen-

eralized dysfunction in presumed regional dysmotility

syndromes.

Some slow transit constipation patients also have abnor-

mal upper gut function. Upper and lower esophageal

sphincter and body dysfunctions are found in constipated

individuals [6]. Twenty to 60% of patients with slow transit

constipation show delayed scintigraphic gastric or small

Fig. 1 Percentages of patients reporting different symptom profiles

are presented in those with suspected delays in gastric emptying,

small bowel (SB) transit, and colon transit. Symptoms of upper gut

dysmotility (a) were reported in a higher percentage of patients with

presumed gastric emptying delay (N = 52) versus those with

presumed normal gastric emptying (N = 28) (P \ 0.0001), but also

were prominent in those with delayed (N = 13) versus normal

(N = 66) SB transit and delayed (N = 60) versus normal (N = 19)

colon transit. Symptoms of lower gut dysmotility (b) were reported in

a higher percentage of those with presumed colon transit delay versus

patients with normal colon transit (P \ 0.0001), but trended lower in

those with presumed gastric emptying delay versus normal gastric

emptying (P = 0.09). Non-localizable symptoms (c) were reported by

similar numbers of patients regardless of gastric, SB, or colon transit

time. P values determined from Fisher’s exact test

b
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bowel transit [7–11, 24]. Small bowel manometry was dis-

rupted in 12 of 20 patients with delayed colon transit (60%)

in one study, and 3 of 20 patients (15%) in another [12, 13].

Abnormal lower gut transit in gastroparesis is less well

described, but there is evidence for generalized dysmotility

in this disorder. In separate analyses, colon transit and con-

tractility on WMC testing were impaired in gastroparetics

versus patients with normal emptying [20, 25].

Findings of this study provide new data regarding isolated

versus generalized transit delays in suspected gastroparesis,

intestinal dysmotility, or slow transit constipation. WMC

tests recorded regional transit in [90%. Abnormal transit

was found in about 70% of cases, many of whom showed

abnormalities in C2 regions. New diagnoses were provided in

[50%, and included previously uninvestigated findings as

well as abnormal transit in regions previously normal on

conventional tests. In contrast to pretest expectations,

symptom profiles did not relate to transit delays, suggesting

clinical presentations may not reliably predict motor dys-

function. For example, though all 14 patients with isolated

delayed colon transit noted lower gut symptoms, so did 9 of

11 with isolated delayed gastric or small bowel transit. Given

our sample size and limitations of symptom extraction from

clinic reports, our findings do not exclude subtly distinct

symptom presentations with isolated transit delays in dif-

ferent regions.

Table 2 Conventional test and wireless motility capsule findings in relation to clinical suspicion

Clinical suspicion Conventional test

sensitivity

Wireless motility capsule findings

Capsule sensitivity

in target region

Capsule specificity

in target region

Abnormal transit

in other regions

Suspected gastric emptying delay 17/44 (38.6%) 24/52 (46.2%) 19/28 (67.9%) Small intestine: 10/49 (20.4%)

Colon: 25/47 (53.2%)

Suspected small intestinal transit delay 4/6 (66.7%) 1/11 (9.1%) 54/64 (84.4%) Stomach: 5/13 (38.5%)

Colon: 4/10 (40%)

Suspected colonic transit delay 9/16 (56.2%) 32/55 (58.2%) 11/18 (61.1%) Stomach: 25/60 (41.7%)

Small intestine: 8/56 (14.3%)

Table 3 Numbers of patients with discordance of wireless motility capsule and conventional test findings

Wireless motility

capsule findings

Normal conventional

test findinga
Abnormal conventional

test findinga
Positive test

agreement (%)

Negative test

agreement (%)

Gastric emptying time Normal 18 7 58.8 64.3

Abnormal 10 10

Small intestinal transit time Normal 9 3 0.0 75.0

Abnormal 3 0

Colonic transit time Normal 3 1 85.7 42.9

Abnormal 4 6

a Gastric scintigraphy for gastric emptying time; barium radiography for small intestinal transit time; radioopaque markers for colonic transit

time

Fig. 2 Percentages of patients reporting different symptom profiles

are presented in those with documented isolated transit delays,

generalized delays, or normal transit on WMC testing. Reports of

upper gut symptoms (P = 0.17), lower gut symptoms (P = 0.28),

and non-localizable symptoms (P = 0.75) were similar in those with

isolated transit delays in the stomach, small bowel (SB), and colon,

patients with generalized transit delays, and individuals with normal

transit throughout
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Despite challenges of understanding relations of symp-

toms to motor patterns, objective data provided by transit

testing form the basis for determining management deci-

sions in many cases. In this study, results of WMC testing

altered many treatment decisions by changing medications,

influencing nutrition regimens, and promoting surgical

referrals. Medication changes were made less often with

normal transit versus delay in any region, which was most

significant comparing normal versus abnormal colon tran-

sit. This may reflect the impact of a positive test or

incomplete documentation of clinical decision making.

Examples included prescribing prokinetics (metoclopra-

mide, domperidone) to patients with suspected slow transit

constipation with delayed gastric emptying on WMC test-

ing and use of laxatives (PEG 3350) in some with sus-

pected gastroparesis found to have slow colon transit.

WMC findings replaced or eliminated needs for most

additional conventional transit tests, but did not eliminate

anorectal outlet testing. Gastric scintigraphy was avoided

less often as many with suspected gastroparesis underwent

prior scintigraphy based on practice patterns at one center

before introducing WMC methods. As recent trials validate

WMCs as reliable tests of gastric emptying, it is likely that

newer data would show a lesser need to perform both

WMC and scintigraphy in any individual.

WMC has been directly compared to conventional test-

ing in prior prospective studies to validate the capsule

technique [18–20, 22]. In the stomach and colon, WMC

results correlate well with comparator tests when stan-

dardized methods such as 4-h retention on gastric scintig-

raphy and the Metcalf test of colon transit are used [18, 22].

However in this retrospective study, WMC results were

compared with prior conventional tests often obtained

months earlier in the clinical course that were conducted

utilizing varied methods. Standardized methods recom-

mended by gastroenterology and nuclear medicine societies

commonly are not widely applied [1]. Many centers use

non-standardized gastric scintigraphy techniques that

quantify 90–120 min values or half times of emptying,

which correlate less well with WMC emptying times than

do 4 h retention values [18]. Half times of emptying detect

30% fewer cases than 4 h values [1, 18]. Colon transit is

most often assessed with one X-ray 5 days after radio-

opaque marker ingestion, which correlates poorly with

more rigorous conventional methods and WMC findings

[19]. Thus, some of the discordance in this study may stem

from comparing WMC results with poorly standardized,

unreliable conventional tests. Observed differences also

may relate to technical factors. Gastric emptying of indi-

gestible and digestible solids is regulated by distinct pro-

cesses. Colon transit of large capsules also may follow

different profiles from small plastic markers. It is uncertain

if measuring transit of a large, indigestible object such as

the WMC provides more meaningful information than of

digestible solids or liquids. Finally, inconsistencies in gas-

tric and colon physiology in patients with dysmotility may

lead to major day-to-day variability on repeat transit testing

and may contribute to discordance. To test if WMC results

are more clinically relevant than conventional tests, pro-

spective studies comparing responses to treatment regimens

based on detecting transit abnormalities must be performed.

In addition to prescribing medications targeting regions

distant from the organ of presumed dysmotility, results of

this study may have clinical implications. Characterizing

delayed small bowel transit might promote evaluation for

bacterial overgrowth. Detecting slow gastric or small

intestinal transit by methods other than WMC has been

proposed to influence decisions in slow transit constipation.

Some studies suggest outcomes from colectomy (including

self reports of treatment success, postoperative complica-

tions, and hospitalizations) may be worse in constipated

patients with associated upper gut dysmotility [10, 14–17,

26, 27]. These observations raise the possibility that future

studies measuring WMC gastric and small bowel transit

could stratify risk in those being considered for colectomy

for constipation.

Table 4 Changes in clinical management after wireless motility capsule performance

New diagnosis Change in medication regimen Change in nutritional program Referral to surgery

Yes No P value Yes No P value Yes No P value

Isolated abnormal

gastric emptying

4 (57.1%) 3 (42.9%) 0.03 2 (28.6%) 5 (71.4%) 0.27 0 (0.0%) 7 (100.0%) 0.34

Isolated abnormal small

intestinal transit

3 (75.0%) 1 (25.0%) 0 (0.0%) 4 (100.0%) 0 (0%) 4 (100.0%)

Isolated abnormal colon

transit

10 (71.4%) 4 (28.6%) 1 (7.1%) 13 (92.9%) 3 (21.4%) 11 (78.6%)

Abnormal generalized transit 17 (73.9%) 6 (26.1%) 5 (21.7%) 18 (78.3%) 1 (4.3%) 22 (95.7%)

Normal transit throughout 5 (27.8%) 13 (72.2%) 1 (5.6%) 17 (94.4%) 0 (0%) 18 (100.0%)

P values determined from the method of Freeman and Halton [23]
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The ability to measure gastric, small bowel, and colon

transit in one WMC study offers advantages over other

protocols. Scintigraphy is the only other test combining all

three measures, but small bowel and colon scintigraphy are

done at few centers because of personnel needs and the

inconvenience of having patients travel to the imaging

facility multiple times over several days to follow tracer

progression [2, 28]. More often, measuring transit in the

three regions mandates different tests, requiring repeated

visits and exposing patients to significant radiation. Further

center-to-center variability in test meals, sampling inter-

vals, and analysis algorithms undermine gastric scintigra-

phy accuracy [1]. The most common radioopaque colon

transit test (Hinton) obtains one radiograph 5 days after

marker ingestion and may be less accurate than the more

intensive Metcalf method of serial X-rays after 3 days of

marker ingestion [21, 29, 30]. Barium testing of small

bowel transit is not standardized, while lactulose breath

tests are unreliable due to artificial acceleration of small

bowel propulsion by the substrate [31, 32].

Concerns can be raised about the present study. All

patients were investigated at two academic centers spe-

cializing in managing severe dysmotility syndromes. In a

representative community sample, gastroparetics might

have less impaired colon transit or constipated patients

might not show impressive gastric emptying delays. Our

patients also may differ from a typical community popu-

lation because they are a more refractory subset referred

after conventional studies failed to positively influence

outcomes. Further, as with any retrospective investigation,

this study involved analyses of preexisting databases and

data recording was not standardized; thus reporting of a

lack of a given symptom or test result might not equate

with symptom absence or test non-performance. Sensitiv-

ities of WMC testing were comparable to comparator tests

in the stomach and colon. However, WMC sensitivity to

detect small bowel transit delays in those with suspicion of

such abnormalities was lower than for barium testing.

Symptoms of small bowel dysmotility overlap with those

relating both to the stomach and colon. It is probable that

some symptoms thought by referring clinicians to originate

from the small intestine by history may be coming from the

stomach or colon instead. Indeed, a recent study noted that

bloating (a symptom often considered to have a small

intestinal source) of at least moderate severity is reported

by 76% of patients with documented delayed gastric

emptying [33]. Of note, the WMC method does not permit

localization in a specific small bowel region, thus it cannot

Fig. 3 Percentages of patients who were recommended to change

medication regimens (a), change nutritional programs (b), or be

referred to surgery (c) after performance of WMC testing are

presented as a function of delayed versus normal gastric emptying,

small bowel (SB) transit, or colon transit. Higher percentages of

patients with delayed colon transit received recommendations to

change medications versus those with normal colon transit (P =

0.02). Similar percentages of patients were given medication recom-

mendations in those with delayed versus normal gastric emptying and

SB transit. Similar percentages were given nutritional recommenda-

tions or surgical referrals in those with delayed versus normal transit

in all regions. P values determined from Fisher’s exact test

b
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be determined if there are selected areas (e.g. the ileocecal

junction) with capsule hang up. To date, there are no

reports using concurrent fluoroscopy and WMC testing to

localize the device within the small intestine. Future

studies will test if the low sensitivity observed in this study

relates to clinician inability to predict small bowel transit

impairment from symptoms, a lack of accuracy of the

WMC method to measure overall small bowel transit, or

specific abnormalities in regional small bowel WMC pro-

pulsion that confound interpretation of overall transit times

in this organ. Finally, determining effects of WMC testing

on management decisions or needs for further testing is

subjective. Although new therapy may be recommended

because of a given test result, it is uncertain if similar

decisions might have been made if testing had not been

performed. In this study, limited follow-up was performed

after WMC testing and no treatment outcomes made in

response to WMC findings were reported. The true benefits

of a given test may not be evident until outcomes of any

test-related decisions become apparent weeks or months

later. Alternatively it is conceivable that finding localized

or generalized transit delays might not have clinical

importance or influence response to therapies that accel-

erate propulsion.

The analyses performed in this investigation mirror

those of other significant studies assessing the utility of

tests of gut motor function. In a study assessing utility of

gastric scintigraphy, ‘‘the influence of the result of gastric

emptying studies upon the subsequent clinical manage-

ment’’ was determined from hospital case reviews [34]. In

descriptions of the utility of antroduodenal manometry, one

study reviewed clinic records to determine the positive

impact of testing defined as implying ‘‘that the results of

manometry helped to choose a specific treatment for the

patient’’, while a second used case records to determine

positive outcomes defined as ‘‘the outcome of the study

resulted in alteration of the management of the patient, …
prompted further medical investigation, or …resulted in

referral to another specialist’’ [35, 36]. Concerns about the

present study also can be raised for these important,

authoritative published papers. Future prospective studies

for both conventional and WMC methods characterizing

generalized delays with predetermined management pro-

tocols would provide definitive evidence for the utility of

whole gut transit measurements in suspected gastroparesis

or slow transit constipation.

To conclude, WMC tests define localized and diffuse

transit delays in suspected gastroparesis, intestinal

dysmotility, or slow transit constipation. WMC analyses

may be discordant with conventional tests and new diag-

noses are provided in [50% of cases. WMC methods

influence management by changing treatments and elimi-

nating additional tests. These retrospective analyses

emphasize potential benefits of WMC testing of regional

and generalized transit for suspected dysmotility and

mandate prospective study to further define its clinical role.
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