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Introduction
One of the critical functions of intestinal motility is the propulsion of intestinal contents in
the aborad direction. The small and large intestines have complex motor functions that
produce the peristaltic response for the movement of chime (1), phase III of the
interdigestive migrating motor complex to facilitate the movement of indigestible solids (2),
and fluctuations in intestinal tone and capacitance that produce pressure gradients for the
movement of gases (3). These phenomena can be grossly assessed by measurement of
gastrointestinal transit, which is defined as the movement of intestinal contents or markers
between two points in the gastrointestinal tract. Transit assessment of the small intestine and
colon is relevant in the study of physiology, pathophysiology, pharmacodynamics, and there
is increasing use of small bowel and colonic transit measurements in clinical practice as
well. The purpose of this paper is to review the techniques available for the study of small
bowel and colonic transit.

Evaluation of small bowel transit
Barium contrast studies

The earliest and most readily available method for assessing gastrointestinal transit is
contrast radiography. Barium is an imperfect substitute for intestinal chyme because it is
inert and, therefore, it does not initiate events induced by the biochemical components of
food. Barium also has a greater density than water and it is hypo-osmolar compared to food.
Nevertheless, barium contrast studies are immensely helpful in patients with suspected
motility disorders to rule out mechanical obstruction, to evaluate whether there is local or
diffuse dilatation, to identify the presence of intestinal diverticula. Careful radiographic
observations can assess the integrity of segmental contractions and peristalsis in a qualitative
way. In a structurally normal small intestine, the transit time of barium may also be
measured from the moment the barium enters the duodenum until it reaches the cecum,
although few studies have adhered to this definition.

There is a remarkable paucity of information regarding the normal transit time of barium in
the small bowel, despite decades of application of this test. One textbook lists the normal
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range between 30 minutes and 6 hours (4). There is only one large study, performed in 1951,
that has evaluated normal transit values in healthy subjects (5). In Lönnerblad's study (5),
111 students between the ages of 18 and 25 years underwent studies with the administration
of a small volume (200 mL) barium meal. The transit time was measured from the time of
when the subject had finished drinking the contrast meal to the time when the barium first
entered the cecum (orocecal time). The mean orocecal time was 178 minutes with a standard
deviation of 93 minutes, and 10% of the healthy subjects had a transit time of more than 5
hours. In a smaller study of 48 healthy volunteers (6), a much larger volume of barium
(between 450 and 650 mL) was administered, and the transit time was measured from
barium entry into the proximal jejunum to the time that it reached the cecum (jejuno-cecal
time). The median transit time was 45 minutes. However, because of the different
methodologies, these two studies are not comparable.

All other “normal” values for barium small bowel transit are derived from studies in
symptomatic patients referred for small bowel radiography who had structurally negative
exams. The volume of barium in these studies is also considerably greater than in the study
of Lönnerblad. The largest such study (7) was comprised of 315 patients, given 16 ounces of
barium (approximately 473 mL). The transit time was defined as the time from the
completion of the upper gastrointestinal examination (usually 15 minutes) to the time the
barium reached the cecum (small bowel transit time). This small bowel transit time was
reported as a mean of 89.6 minutes with only 3 cases taking over 4 hours. In a different
study of 26 patients who received 500 mL of barium, transit time was measured from the
time of ingestion to the time to reach the terminal ileum (oro-terminal ileal time), with a
mean time of 32.8 minutes (8). Finally, in another report of 21 patients who received 300
mL of barium (9), the orocecal transit time was 110 minutes (interquartile range 60-170
minutes).

Body position (right decubitus versus upright) (10) and use of pre-procedure laxatives (8) do
not alter small bowel barium transit times. On the other hand, the use of effervescent agents
(11), the addition of hyperosmolar contrast media to the barium suspension (12), and the use
of prokinetics such as metoclopramide (13-15), ceruletide (9), prostigmin and
cholecystokinin (4) have all been reported to accelerate transit.

In summary, small bowel transit time measured during barium radiography is inversely
related to the volume of the barium administered, and what constitutes a normal barium
small bowel transit time remains elusive because of lack of standardization of methods and
definitions. In addition, contrast radiography studies provide substantial radiation exposure,
thus precluding the use of this test for transit determination alone.

Breath hydrogen small bowel transit test
The first use of a breath test to measure orocecal transit was described by Bond and Levitt
(16). The test is based on the observation that only bacteria are capable of producing
hydrogen gas in the human body, and it is presumed that the hydrogen excreted in the breath
is the product of colonic bacterial fermentation of unabsorbed carbohydrates ingested orally.
Breath hydrogen tests have a number of appealing attributes including simplicity, safety,
availability and low cost.

Lactulose Breath Test—The most widely used and, arguably, best studied carbohydrate
substrate for transit determination is lactulose. The time between the ingestion of lactulose
and the rise in breath hydrogen of at least 3, 5, or 10 parts per million (p.p.m.) above
baseline, has been used to define the orocecal transit time (17,18). Validation studies have
confirmed a high degree of correlation with simultaneous scintigraphy (19-22). Lactulose
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breath tests have been used to document pharmacological effects on gut motility (23-27) and
to study disease states in adults and in children (28-33).

Early validation studies performed with doses of lactulose ranging from 5-40 g
demonstrated that the transit times are shorter with increasing doses of lactulose (16,34).
Comparison studies of lactulose breath hydrogen test and scintigraphy performed
simultaneously show strong correlation (r = 0.945, P <0.01). However, when the studies
performed with simultaneous scintigraphy and lactulose are compared to scintigraphy
without lactulose in the same individuals, it appears that the lactulose markedly accelerates
transit, with the median transit time of 56 minutes compared to a median transit time of 205
minutes when scintigraphy is used without co-administration of lactulose (35). This suggests
that lactulose is non-physiologic since it accelerates small bowel transit, presumably due its
osmotic activity, which is the basis for its use as a laxative.

Inulin Breath Test—An attempt to circumvent the problems with lactulose involves using
inulin, which is a soluble fiber composed of fructose polymers (i.e., a fructan). Human
enzymes cannot disrupt the β(1,2)-glycoside bonds of fructans; therefore, inulin is not
broken down until it is acted upon by bacterial enzymes in the colon. Inulin is highly
polymerized; therefore, fewer inulin molecules are needed, compared to lactulose, to
produce an equivalent amount of hydrogen gas after full bacterial enzymatic hydrolysis.
Thus, the inulin dose has lower osmotic activity compared to lactulose.

The inulin orocecal transit time is defined as the time from ingestion of the inulin containing
meal until the rise in breath hydrogen content by 10 p.p.m. above baseline (36). Orocecal
transit times were tested in 17 healthy subjects fed 5 g of inulin in a solid meal and,
separately, with a lactose 13C-ureide marker (discussed in Breath stable-isotope small bowel
transit test below). This study found no evidence that 5 g of inulin in a solid nutrient meal
accelerates transit, since the transit times were 360 minutes (range 270-420 minutes) with
inulin and 353 minutes (range 285-375 minutes) with lactose 13C-ureide (36). There were
also no significant differences in orocecal transit time with 5 g and 10 g inulin. In a study of
29 subjects, Schneider et al. found a median orocecal transit time of 300 minutes (range
180-420 minutes) for a liquid nutrient test meal containing 5 g of inulin (37). Correlation
between the inulin-based test and the lactose 13C-ureide test was moderate [r=0.85 (37) and
r=0.72].

The pitfalls of the inulin based test include the finding that 7-10% of subjects were hydrogen
non-producers in response to 5 g of inulin (36,37), and one of the studies showed that the
median orocecal transit time was about 30 minutes shorter with inulin than with the
lactose 13C-ureide test (37), suggesting the possibility that inulin may also accelerate
orocecal transit time. At present, inulin based hydrogen breath tests have not demonstrated
responsiveness to pharmacological manipulation of transit and have not been applied in
disease states affecting motility.

Finally, for both breath test methods, the orocecal time can be confounded by the rate of
gastric emptying, which may be delayed in patients with gastroparesis, thus rendering
interpretation of small bowel transit suspect or impossible. In addition, the presence of small
bowel bacterial overgrowth associated with intestinal diverticula or motility abnormalities
can cause an early peak in breath hydrogen which may result in a spuriously low orocecal
transit determination.

Breath stable-isotope small bowel transit test
A stable-isotope labeled sugar-urea (lactose 13C-ureide) transit test has been advocated as a
favorable alternative to breath hydrogen transit tests. Such a stable isotope test requires a
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very small dose of the substrate (0.5 - 1.2 g) which is unlikely to have any significant
accelerating osmotic effect (38,39). The enzyme to cleave the sugar-urea bond is not present
at the human intestinal brush border, and very little of the molecule is absorbed undigested
(40). After passing through the small intestine, the sugar-urea bond is cleaved by an
allantoicase enzyme present among the colonic bacterial flora (and not present in
Helicobacter pylori), thus liberating 13C-labeled ureide which subsequently undergoes
hydrolysis with release of 13CO2 and excretion by the lungs. The ratio of
breath 13CO2/12CO2 can be determined by isotope ratio mass spectrometry.

The time from ingestion of the lactose 13C-ureide containing meal to the first increase in
breath 13CO2/CO2 ratio (measured at 2.5 standard deviations above the running average of
previously measured 13CO2/CO2 values) indicates the orocecal transit time by this stable-
isotope breath test (39). The lactose 13C-ureide test has been validated in a comparison with
scintigraphy in 22 healthy volunteers (39). The orocecal transit time was 292 ± 58 minutes
for the breath test and 283 ± 53 minutes for scintigraphy, and there was good correlation
between the two tests (r=0.94). The lactose 13C-ureide test has been used to evaluate
pharmacological perturbations of orocecal transit (41-43).

Since stable isotopes such as 13C are non-radioactive, the test has been used in children (44).
Disadvantages include the relative expense of the lactose 13C-ureide substrate compared to
lactulose and inulin, the expense of the mass spectrometry analytical equipment, the need for
subjects to avoid physical activity to maintain constant CO2 production, and the potential of
colonic type bacterial flora present in the small bowel to cause premature digestion of the
lactose 13C-ureide. It has also been recommended that the colonic flora should be pre-
conditioned or “spiked” with unlabeled lactose ureide the night before the test (39), although
a subsequent study reported that this step may not be necessary (45).

Radiopaque marker small bowel transit test
A method utilizing radiopaque markers to evaluate small bowel transit has been described
by Sadik et al. (46). The method consists of ingesting a 400 kcal meal with 20 radiopaque
markers. The markers are 4 mm in size, and it has been shown previously that gastric
emptying of indigestible solids in the range of 1.5 to 7 mm can occur independent of the
phase III of the migrating motor complex (47). Fluoroscopy is then used to localize the
markers every 30 minutes for 8 hours. The number of markers present in the small bowel is
plotted against time. The small bowel residence time is defined as the area under the curve
divided by the number of markers reaching the colon during the observation time (8 hours).
The median small bowel residence times in 83 healthy subjects and in 16 patients with portal
hypertension were 3.2 and 5.9 hours respectively. This method has also been used to
determine differences in small bowel residence time between healthy men and women (48).
Other methods utilizing radiopaque markers have been used in patients with small bowel
transplant (49) and in patients who have had colectomy (50).

Although the use of radiopaque markers is fairly simple and inexpensive, there may be
difficulty in attributing the position of the markers to a specific anatomical location within
the gastrointestinal tract, and this can result in erroneous calculations. Additionally, there is
substantial radiation exposure with this method and the need for multiple imaging every 30
minutes for up to 8 hours, which is inconvenient for the patient as well as the staff.

Small intestine scintigraphy
Small bowel scintigraphy is not commonly used outside of research, but an assessment of
orocecal transit in the form of scintigraphic colonic filling at 6 hours is gaining increased use
in conjunction with gastric emptying or whole gut transit tests (51).
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The test involves ingestion of either a liquid [water (52,53)] or solid [resin beads or meal
(54-56)] material labeled with 111indium or 99mtechnetium and obtaining sequential scans
over several hours. Scintigraphic small bowel transit time can be calculated in several ways
(57), but most commonly as the time for 10% or 50% of the activity to arrive at the terminal
ileum or cecum, after correcting for gastric emptying by subtracting the time for the
equivalent proportion to be emptied from the stomach (58). A valid surrogate for the 10%
scintigraphic small bowel transit time is the percent of the meal filling the colon at 6 hours
(54).

Normative data are limited (based on less than 30 subjects), with wide ranges (that are
method-dependent) for scintigraphic small bowel transit times (55,58,59). The range of
normal values for colonic filling at 6 hours is 11% go 70% with radiolabeled nondigestible
particles (60,61) or 43% to 95% for radiolabeled digestible solids (62). Alternatively, rapid
scintigraphic small bowel transit time has been defined as cecal arrival time of <90 minutes
(54). Neither age nor gender appears to influence scintigraphic small bowel transit time
(55,56). In a study of 95 participants (healthy volunteers and patients with irritable bowel
syndrome), the mean 6 hour colonic filling was 51.4 ± 3%, and the estimated intersubject
coefficient of variation was 56% (63). However, 6 hour colonic filling is a measure of
orocecal transit time and could be significantly influenced by gastric emptying rate.

Responsiveness of scintigraphic small bowel transit time to treatment was shown in studies
of the effect of cisapride in patients with gastroparesis and chronic intestinal dysmotility
(64,65) and of tegaserod in patients with irritable bowel syndrome with constipation (66).
Identification of delayed scintigraphic small bowel transit time has been shown to impact
both initial diagnosis and clinical management (67), but data on clinical outcomes are
limited. A confounder is that slow colonic transit delays small bowel transit; therefore
scintigraphic small bowel transit time needs to be interpreted with caution in patients with
delayed colonic transit or constipation (68). This criticism also applies to the measurement
of small bowel transit by all methods.

A different scintigraphic method designed to measure duodeno-cecal (as opposed to
orocecal) transit involves the use of 99mtechnetium-hepatobiliary iminodiacetic acid (99mTc-
HIDA) intravenous tracer which is taken up by the liver and excreted in the bile directly into
the duodenum; this avoids the influence of gastric emptying on scintigraphic measurement
of small bowel transit (59). In 30 healthy subjects, the mean 99mTc-HIDA small bowel
transit time was 77.9 + 31.1 minutes; in 14 of 17 patients who had dysmotility verified by
manometry, the 99mTc-HIDA small bowel transit time was delayed. There is limited
published information regarding this technique.

In summary, scintigraphy provides physiological and quantitative information. Of the
methods reviewed thus far, scintigraphy has yielded the most reliable results (55).
Disadvantages are lack of standardization in clinical practice, lack of general application, the
wide range of normal values, and a potential pitfall in interpretation when gastric emptying
and/or colonic transit are delayed. The costs of the imaging equipment, radiation exposure,
and difficulty in delineating anatomy are other drawbacks.

Wireless motility capsule small bowel transit
Small bowel transit time can also be measured with wireless motility capsule [WMC (69)].
The WMC is 26 mm long by 13 mm wide and contains sensors that measure pH, pressure
and temperature. It is approved for the measurement of regional (gastric, small bowel, and
colonic) transit and whole gut transit time. In addition, the WMC can characterize pressure
patterns and motility indices in the different regions of the gastrointestinal tract (70,71). The
transit of a large indigestible solid like a WMC in the small intestine is presumed to depend
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upon phase II and phase III activity of the interdigestive motor complex (72), but the
evidence is limited. It is unclear whether ileal prolonged propagated contractions ultimately
expel the capsule from the small bowel to the colon (73).

Regional transit determination with WMC requires discontinuing motility altering drugs (as
with all transit tests) and acid-suppressing medications for one week prior to the test. After
an overnight fast, the patient consumes a standard meal (255 kcal nutrient bar) followed by
swallowing the WMC with water. The patient then fasts for 6 hours. The gastric emptying
time is determined by an abrupt rise in pH to >4 or a rise of 3 pH units over baseline,
reflecting passage of the WMC across the pylorus into the duodenum. The WMC small
bowel transit time is defined as the interval between this rise in pH to the time when the pH
suddenly falls by more than 1 unit for at least 5 minutes as the WMC enters the cecum (74).
The determination of colonic transit by WMC will be discussed separately.

In 9 healthy subjects (75) the median WMC small bowel transit time was 350 minutes (169–
676 minutes), compared to the simultaneous scintigraphic transit median of 342 minutes
(162–669 minutes). In another study involving 66 healthy subjects (76), the median normal
WMC small bowel transit was 276 minutes (IQR 240-354 minutes). In the same study, 34
patients with gastroparesis had WMC small bowel transit time that was similar to that of
healthy subjects with a median of 270 minutes (IQR 216-330 minutes). In a study of 157
constipated patients (77), median transit time was 234 minutes (IQR 201-293 minutes) and
was very similar to transit by radiopaque markers. In 10 healthy subjects, dietary
intervention with insoluble fiber reduced WMC whole gut transit time, but did not
significantly change WMC small bowel transit time (78).

One of the chief advantages is that the WMC test is performed with the patient ambulatory
and outside the clinic setting, and the information is sent by telemetry to a recording device
that the patient wears. A practical disadvantage is the occasional difficulty in identifying the
1 unit pH drop signifying passage into the cecum, especially in patients with post-surgical
changes (e.g. right hemicolectomy) or incompetent ileocecal valve resulting in bacterial
colonization of the distal ileum. Another potential pitfall results from the lack of
standardization of the second meal 6-hour fast after WMC ingestion. This may potentially
affect the time for WMC transit through the distal small bowel. Finally, the nondigestible,
26 mm by 13 mm WMC may be retained longer than 6 days or become impacted in the
gastrointestinal tract; hence, contra-indications include suspected mechanical obstruction,
recent gastrointestinal surgery (within 3 months), and Crohn's disease. In three multicenter
studies involving 495 subjects, 32 subjects retained the capsule longer than 6 days, but
radiographic evidence showed all subjects had passed the capsule by day 26 (69,77,79).

Evaluation of colon transit
Radiopaque marker

Colonic transit studies are used to evaluate total and segmental colonic transit times.
Radiopaque markers can be obtained commercially.

Several different methods to measure colonic transit with radiopaque markers have been
described (80-82. The method which is perhaps the simplest and involves the least amount
of radiation exposure is the method of Hinton et al. (80). This involves the ingestion of a
gelatin capsule containing 24 radiopaque 4.5 mm rings, and performing a single plain
abdominal x-ray 5 days later. In this method, normal transit is identified by 5 or less markers
retained by day 5, and slow transit by 6 or more markers retained. These values were
established in 25 healthy subjects (83). Localization of the retained markers in the
rectosigmoid area suggests functional outlet obstruction, whereas diffuse distribution of the
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retained markers is suggestive of slow transit constipation. However, this is only suggestive
and not diagnostic, since delayed rectosigmoid transit due to pelvic floor dyssynergia may
inhibit proximal colonic transit and result in widespread distribution of markers.

The method described by Metcalf et al. (82) involves the ingestion of 24 radiopaque markers
each day at 24 hour intervals for three days. A plain abdominal x-ray is taken on day 4 and
then every third day until all the markers have passed. Calculations are based on adding the
numbers of markers in the entire colon (or in segments of interest, if segmental transit is
desired) on each of the x-rays (e.g., on days 4 and 7), and the sum of the number of markers
on each x-ray equals the mean colonic transit time. Segmental transit times are measured in
the right colon to the right of the vertebral spinous processes and above an imaginary line
from the fifth lumbar vertebra to the pelvic outlet. The left colon is the area to the left of the
vertebral spinous processes and the imaginary line above the fifth lumbar vertebra and the
left anterior superior iliac crest. The rectosigmoid is the area under the imaginary line from
the pelvic brim on the right to the superior iliac crest on the left. Normal values, based upon
the study of 73 healthy subjects (82), are as follows: whole colon 35 hours (95th percentile:
68 hours), right colon 11.3 hours (95th percentile: 32 hours), left colon 11.4 hours (95th
percentile: 39 hours), and rectosigmoid 12.4 hours (95th percentile: 36 hours).

The advantages of radiopaque marker colon transit tests are the well established normal
values and standardization of methods; it is also readily available and reasonably
inexpensive. Although the radiopaque markers do not provide sufficient information on
rapid transit, a method has been described with shorter intervals of marker ingestion (8
instead of 24 hours) and dividing the sum of the number of markers by 3 (84). Similarly,
Sadik et al. have quantitated rapid colonic transit using radiopaque markers (85).

Disadvantages include the radiation exposure and multiple visits for the 1 to 3 abdominal x-
rays that may be required. It is also possible that the solid markers may move through the
colon differently than stool. The localization of the markers relative to bone landmarks may
not reflect their true position in the colon. These criticisms notwithstanding, the radiopaque
markers are the reference standard for colon transit evaluation in clinical practice (86).

Colonic Scintigraphy
Colonic transit scintigraphy is a safe and noninvasive method that has been shown to
correlate with radiopaque markers. Scintigraphy provides information on proximal
(ascending colon emptying) and overall colon transit (87). In the most widely published
method, subjects ingest a pH sensitive methacrylate-coated capsule containing 111indium-
labeled activated charcoal particles after an overnight fast. The coated capsule dissolves
upon reaching the alkaline terminal ileum, releasing the radioisotope into the lumen (61,88).
The alternative method involves radiolabeling the liquid phase (water) of a standard solid-
liquid meal with 111indium diethylene triamine pentaacetic acid (111In-DTPA). The transit
of the radiolabeled water is then used to assess small bowel and colonic transit (52).

Regardless of how the scintigraphic material is delivered to the colon, the subject undergoes
repeated scanning with a gamma camera to obtain anterior and posterior abdominal scans of
2 minutes duration each, at 4, 6, 8, 24, and 48 hours post-ingestion to appraise colonic transit
[(89) Figure 1].

A variable region of interest program is used to quantitate counts in each colonic segment:
ascending colon (AC), transverse colon (TC), descending colon (DC) and rectosigmoid
(RS), numbered as segments 1 to 4, respectively. Segment 5 refers to the expelled
radioactivity in stool. In the 111In-DTPA labeled water method, the geometric center is
based on 6 colonic regions (4 main regions plus hepatic and splenic flexures) and stool (52).
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There are two primary endpoints to summarize colonic transit. Overall colonic transit is
expressed as the numeric value of the geometric center, which is the weighted average of the
isotope distribution within the colon and stool and is calculated by the sum of the products
of the proportion of 111In counts in each segment and its weighting factor as follows (61):
geometric center = [(%ascending colon × 1) + (%transverse colon × 2) + (%descending
colon × 3) + (%rectosigmoid × 4) + (%stool × 5) ] / 100]. This formula would be expanded
to include the 7 regions used with the 111In-DTPA labeled water method. The geometric
center can be determined for every time point that a scan is obtained, and the times of
greatest interest are at 24, 48 and 72 hours. The ascending colon emptying endpoint is
summarized as the time for emptying half of the ascending colon (T1/2), which is calculated
by linear interpolation of values on the ascending colon emptying curve (88). The delayed
release capsule facilitates this measurement by delivering the radiolabeled charcoal to the
ileocolonic region before capsule dissolution allows the particles to disperse. Since the
emptying of the ileum into the colon occurs as bolus movements (90), there is relatively
clear accumulation of 111In-charcoal in the ascending colon. At Temple University,
the 111In-DTPA labeled water method is used with inclusion of a 72 hour image: isolated
retention of isotope in the rectosigmoid colon is considered to be suggestive of functional
rectal outlet obstruction among a group of 73 patients with constipation (52). Unpublished
data from Mayo Clinic in 390 patients with documented evacuation disorders, and 61 with
slow transit constipation without evacuation disorder confirm the findings at Temple
University and show rectal evacuation disorder is associated with delayed overall colon
transit at 48hours and ascending colon emptying t1/2 compared to health, and that distal
colon and stool content differentiates evacuation disorder from slow transit constipation
(Nullens, Nelsen, Camilleri et al , unpublished observation).

Normal values for scintigraphic colon transit have been established in 37 healthy volunteers
with geometric center at four hours less than or equal to 1.4, geometric center at 24 hours
between 1.7 and 4.0, and geometric center at 48 hours between 3.0 and 4.8 (87,91-93).
Patients with geometric centers less than the above values are considered to have slow
transit, and those with greater values are classified as accelerated transit.

Colonic transit measured by scintigraphy, especially proximal colon emptying, is
significantly correlated with 24 hour stool weight (92), fecal consistency and bowel
movement frequency (63).

Performance characteristics of scintigraphic colonic transit have also been assessed in
healthy subjects and in patients with irritable bowel syndrome. In 21 healthy volunteers who
underwent two separate scintigraphic colonic transit assessments 3 weeks apart, the
interindividual coefficients of variation were 37% at 24 hours and 24% at 48 hours. The
intraindividual coefficients of variation were predictably lower at 28% at 24 hours and 14%
at 48 hours (94). In 86 patients with constipation-irritable bowel syndrome and 17 healthy
volunteers, intraindividual coefficients of variation were 31% at 24 hours and 27% at 48
hours over a period of less than 3 weeks, and 38% at 24 hours and 30% at 48 hours over a
median interval of two years (63).

The data suggest that the degree of variation is similar across different mean values of
colonic transit, and the vast majority of individuals have replicate values within 1 geometric
center unit of baseline measurement. The measured coefficient of variation reflects the
physiological variation in colonic motor function that also manifests as natural variation in
stool frequency and consistency.

Whole colonic scintigraphic transit and ascending colon emptying have been reported to be
abnormal in several diseases of colonic motility including idiopathic constipation, functional
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diarrhea, carcinoid diarrhea (95), and different subtypes of irritable bowel syndrome, based
on predominant bowel dysfunction [diarrhea, constipation, and mixed (96)]. It is, therefore,
plausible that colonic transit measurement may serve as a biological marker of colonic
function in disease and as a surrogate endpoint in the evaluation of drug therapy. For
example, in the highly prevalent, multifactorial clinical condition of irritable bowel
syndrome (96), 32% had abnormal colonic transit, with 16% of constipation-irritable bowel
syndrome patients having slow transit and 46% with diarrhea-irritable bowel syndrome
having fast transit. In addition, 14% of patients with mixed-irritable bowel syndrome had
fast transit at 48 hours.

The measurement of scintigraphic colon transit in response to drugs in development has
generally predicted the responses to treatment observed in phase IIB or III clinical trials
(97). Thus, scintigraphic colonic transit has correctly predicted clinical efficacy with
medications targeting different mechanisms including prokinetics such as 5-HT4 agonists,
bisacodyl, neurotrophin-3 [(98) Figure 2]; medications retarding transit such as 5-HT3
antagonists, CCK1 antagonist; and secretagogues such as linaclotide, lubiprostone. Equally
important, the colonic transit measurement has correctly predicted lack of efficacy of
medications to alter bowel dysfunction in IBS in clinical trials when there were no
significant effects of the drug on colonic transit. Examples include a CRF1-antagonist (99)
and solabegron, a β3-adrenergic agonist (100).

In summary, scintigraphic assessment of colonic transit provides a noninvasive, safe, and
relatively rapid (24 or 48 hours) assessment of whole colon and regional colonic transit. The
technique is well validated and used in clinical practice and in numerous research studies.
Disadvantages include radiation exposure, expense, and the limited availability of
radiopharmaceuticals, gamma camera detection equipment, and operator expertise in tertiary
medical centers.

Wireless motility capsule colonic transit
The basic attributes of the wireless motility capsule (WMC) and method of test
administration were addressed previously (see Wireless motility capsule small bowel
transit). The passage of the WMC into the cecum is determined by the sudden fall of pH by
more than 1 unit which lasts for at least 5 minutes. The colonic transit time is the time from
entry of the WMC into the cecum to the time the WMC passes out of the colon (Figure 3).
The latter is determined by either the direct visualization (by the patient) of the device in the
stool, a sudden drop in the temperature reading accompanied by loss of pressure recordings,
the lack of WMC transmission to the receiver, or by noting the absence of the WMC on an
abdominal x-ray.

Colonic transit time assessed by WMC in 78 constipated and 87 healthy subjects (79)
demonstrated a median value of 21.7 hours (IQR, 15.5-37.3 hours) in healthy subjects and
46.7 hours (IQR, 24.0-91.9 hours) in constipated patients, and small bowel and whole gut
transit were delayed as well (Figure 4). The correlation of the WMC to percent of
radiopaque markers retained on day 5 was r = 0.69 (p<0.001) in patients with constipation
studied simultaneously with both methods. The upper limit of normal WMC colon transit
time, based upon the 95th percentile of the normal subjects, was identified as 59 hours (79).

In a subsequent large, multicenter study of 158 patients with constipation, the colonic transit
assessment with WMC was compared with simultaneous radiopaque marker study, and there
was overall agreement of 87% for classifying subjects as having slow or normal colonic
transit (77). The WMC has also been used to characterize pressure activity in health and in
constipated patients (101), although the clinical relevance of this has not been established.
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The advantages of WMC assessment of colonic transit are the well validated method,
standardization with automated analysis, and provision of a global assessment of
gastrointestinal transit similar to scintigraphy. The WMC transit study is performed
predominantly in the patients’ usual surroundings and does not require return visits for
imaging. Also, there is no radiation exposure. Drawbacks include occasional difficulty with
swallowing the 26 × 13 mm capsule, rare technical failure of device, difficulty with
discernment of the 1 unit decrease in pH that marks the entry into the cecum, the potential
for prolonged retention, and the relatively greater cost than the standard radiopaque marker
study.
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Figure 1.
Ileocolonic transit demonstrating the arrival of radiolabel in the right colon, and movement
of isotope from the ascending to the transverse colon in response to meal ingestion at 4
hours. Reproduced from Deiteren A, Camilleri M, Burton D, et al: Effect of meal ingestion
on ileocolonic and colonic transit in health and irritable bowel syndrome. Dig Dis Sci
2010;55:384-391.
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Figure 2.
Effect of the colonic stimulant laxative bisacodyl on colonic transit. Note the acceleration of
transit of isotope through the colon with bisacodyl whereas, control treatment is associated
with retention of isotope predominantly in the ascending and tortuous transverse colon.
Reproduced from Manabe N, Cremonini F, Camilleri M, et al: Effects of bisacodyl on
ascending colon emptying and overall colonic transit in healthy volunteers. Aliment
Pharmacol Ther 2009;30:930-936.
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Figure 3.
Wireless motility capsule recording transit in (A) healthy and (B) constipated individuals.
Reproduced from Rao SS, Kuo B, McCallum RW, et al: Investigation of colonic and whole-
gut transit with wireless motility capsule and radiopaque markers in constipation. Clin
Gastroenterol Hepatol 2009;7:537–544
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Figure 4.
Small bowel and whole gut transit times are prolonged in constipated participants compared
to healthy controls. Reproduced from Rao SS, Kuo B, McCallum RW, et al: Investigation of
colonic and whole-gut transit with wireless motility capsule and radiopaque markers in
constipation. Clin Gastroenterol Hepatol 2009;7:537–544
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