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The purpose of this investigation was to review our experience with
our comprehensive esophagogastrointestinal transit study in the

first 229 patients. This scintigraphic study analyzes the motility of

the entire gut, from the esophagus through the rectosigmoid colon.

Methods: Data were reviewed for our first 2 y of experience with
this examination (184 women and 45 men aged 20–79 y [mean ±
SD, 44 ± 16 y]). Patients were referred with symptoms suggestive of

a motility disorder. They first swallowed 111In-diethylenetriamine-
pentaacetic acid in water for the esophageal-swallow study and

then 300 mL for a 30-min 111In water-only study, followed by 120

mL of 111In water simultaneously with the solid standardized 99mTc

egg-substitute meal. Images and quantification were obtained for
esophageal transit, water-only gastric emptying, water-with-solid

gastric emptying, small-bowel transit, and colonic transit. Results:
Of the 229 patient studies, 45 (20%) were normal. The remaining

184 (80%) had at least 1 region of dysmotility, for a total of 336
regions of abnormal motility. A single region of dysmotility was seen

in 92 patients (50%), 2 regions in 50 (27%), 3 regions in 26 (14%), 4

regions in 12 (7%), and 5 regions in 4 (2%). There was a poor

correlation between the results of the water-only study and water
with the solid meal. Three different patterns of delayed colonic tran-

sit were seen. Patient symptoms were often not predictive of the

scintigraphic findings. Conclusion: This study highlights the fre-
quent occurrence of dysmotility in more than 1 region of the gas-

trointestinal tract in patients with a suspected motility disorder and

the frequent concurrence of both upper- and lower-tract dysmotility

in the same patients. It provides information to referring physicians
regarding which motility disorders may be causing the patient

symptoms, why the patient is or is not responding to the present

therapy, and if and what additional workup and therapy may be

needed.
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At most imaging centers, gastric emptying scintigraphy is a
commonly requested nuclear medicine study because it provides

important functional information on gastric motility not available

from other methodologies. However, there has been concern that

only 30%–60% of symptomatic patients with clinically suspected

functional gastroparesis have abnormal results on radionuclide

gastric emptying studies (1–3).
More recently, there has likely been an increase in the positivity

rate of gastric emptying studies, for 2 reasons. First, a consensus

recommendation for a 4-h gastric emptying study was published in

the nuclear medicine and gastroenterology literature and is now

standard (4,5). The 4-h study has proven to be more sensitive for

detection of gastroparesis than the shorter studies (e.g., 2 h) com-

monly used in the past (6,7). A 30% increase in positivity has been

reported at 4 h compared with 2 h (8). Furthermore, the addition of

a clear liquid (water) emptying study increases the sensitivity for

detection of gastroparesis. Multiple investigations have found that

of patients referred with a suspected gastric motility disorder who

have normal results for solid gastric emptying, 25%–30% will

have delayed liquid emptying (9–12).
However, a gap still persists in our ability to detect abnormal

emptying in patients referred with symptoms suggestive of a

gastric motility disorder. Although gastric dysmotility symptoms

are commonly associated with postprandial upper abdominal

symptoms of nausea, vomiting, and abdominal discomfort, and

intestinal disorders are most commonly associated with lower

abdominal pain, bloating, diarrhea, and constipation, there may

be an overlap in symptoms of upper- and lower-intestinal dysmotility

(13–15). Thus, the addition of small- and large-bowel intestinal

transit scintigraphy to the gastric emptying study may be of value

by confirming or excluding dysmotility in these additional regions

and pinpointing the regions of the gastrointestinal tract causing the

patient’s symptoms.
Whole-gut transit radionuclide studies that combine gastric

emptying and small- and large-bowel transit studies into a single

study have been described and are routinely performed at a few centers

(16,17). We have been providing our comprehensive esophago-

gastrointestinal transit study since 2014. Our unique methodology

has been previously published, along with our reference values and

our initial clinical experience (18).
In the first 2 y of offering this test, 229 patients completed it.

This article describes the results of this scintigraphic study for
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those patients. Of particular interest was that many patients were
found to have abnormal motility at more than 1 site and not
infrequently in both the upper and the lower gastrointestinal
tract.

MATERIALS AND METHODS

Patient Population

The institutional review board at Johns Hopkins University approved

this retrospective study, and the requirement to obtain informed consent
was waived.

The patients completed the esophagogastrointestinal transit
study between August 2014 and November 2016 and included

45 men and 184 women (age range, 20–79 y; mean 6 SD, 44 6 16
y). Most patients were referred from the Johns Hopkins Gastrointes-

tinal Motility Clinic, some by other Johns Hopkins gastroenterolo-

gists, and a minority from the rheumatology clinic. The patients

usually had either predominantly lower-abdominal complaints

(49%), a combination of upper- and lower-abdominal complaints

(31%), or a poor response to their present treatment after having

had a prior radionuclide gastric emptying study (20%).

Scintigraphic Methodology

The studies began on a Monday morning. The patients were asked

to fast overnight before beginning the study, not to take laxatives the

day before or during the study, and—for at least 3 d before and during

the study—to withhold other medications that might affect gastroin-
testinal motility.

The first day of the study included esophageal transit, then liquid-

only (water) gastric emptying followed by simultaneous liquid and
solid gastric emptying, and then small-bowel transit, for a total

imaging time of 6 h. After this first day, there were no food or activity
limitations for the duration of the study. Imaging was subsequently

performed at 24, 48, and 72 h to quantify colonic transit, requiring
only one 5-min anterior and posterior morning image. Our method-

ology and quantification are detailed in Table 1.
The abnormal values used for this study were derived from our

prior publication (18). Abnormal esophageal swallow was considered
to be less than an 83% transit of counts 10 s after maximum counts;

abnormal liquid-only gastric emptying, a half-time of more than
25 min; abnormal liquid with solid meal, less than 39% emptying

at 1 h; abnormal solid gastric emptying, less than 90% emptying
at 4 h; abnormal small-bowel transit, less than 49% arrival at the

ileocecal valve by 6 h; and abnormal large-bowel transit, less than
67% by 72 h.

RESULTS

Of the 229 patient studies, 45 (20%) were interpreted as normal.
The remaining 184 patients (80%) had at least 1 region of
dysmotility, with a total of 336 abnormal regions. A single region
of dysmotility was seen in 92 patients (50%) (Table 2). The re-
gions involved were the esophagus (6 patients) (Fig. 1), gastric

liquid only (10 patients) (Fig. 2A), gastric liquid with the solid
meal (1 patient) (Fig. 2B), solid gastric emptying (6 patients) (Fig.
2C), small intestine (10 patients), and large intestine (59 patients)
(Figs. 3, 4, and 5; Table 2).
Two regions of gastrointestinal dysmotility were detected in 50

patients (27%) (Table 3), 3 regions in 26 patients (14%) (Table 4),

4 regions in 12 patients (7%) (Table 5), and 5 regions in 4 patient

(2%) (Table 6). Forty-three of 49 patients with solid-meal gastro-

paresis had additional regions of gastrointestinal dysmotility (Ta-

bles 3–6).
The liquid-only studies and the liquid-with-solid-meal studies

did not correlate well with each other. The former was positive in

45 patients; the latter, in 32 patients. Both were positive in the

same patients in only 14 instances.
Delayed transit was the predominant finding in the patients with

dysmotility. Rapid transit was less common; it was never seen in

the esophagus and was seen only once for liquid-only gastric

emptying, 3 times when liquid was combined with solid food, 6

times in solid gastric emptying, 7 times in the small bowel, and 3

times in the colon.
In the 15 patients with systemic sclerosis, all but 2 had delayed

esophageal transit. These patients also had various other motility

abnormalities. Eight had delayed solid-meal emptying, 6 had

delayed colonic transit, and 9 had multiple regions of dysmotility,

including liquid-only gastric emptying, liquid-with-solid gastric

emptying, and small bowel.

FIGURE 1. Delayed esophageal transit. (Top) Single 0.5-s dynamic

frame showing retained activity in esophagus and some transit to stom-

ach. (Bottom) Time–activity curves show good transit in the upper

esophagus, but poor transit in the middle and especially the lower third

of the esophagus. Total percentage esophageal emptying was 43%

(abnormal emptying is ,83%).

TABLE 2
Distribution and Frequency of 1 Abnormal Motility Region in

Patients

Total

patients

(n) Esophagus

Stomach,

liquid

only

Stomach,

liquid

with solid

Stomach,

solid

Small

bowel

Colon or

rectosigmoid

region

92 6 10 1 6 10 59
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Three patterns were seen in patients with
quantitatively delayed colonic transit (Figs.
3–5). Some patients had images showing transit
throughout the entire colon and rectosigmoid
region but with no or little excretion from the
body (62%), whereas others had proximal re-
gional abnormal transit; that is, the radiotracer
was seen transiting only to the ascending, trans-
verse, or splenic flexure (31%). A few patients
had delayed excretion manifested by reten-
tion in the rectosigmoid region (7%).
Some patient’s symptoms predicted the

scintigraphic findings. For example, in the co-
lon, those with symptoms of diarrhea often
had rapid colonic transit, whereas those with
constipation often had delayed transit. However,
in other patients, the symptoms did not predict
the scintigraphic findings. Most patients had
both upper- and lower-gastrointestinal symp-
toms. Although patients with delayed gastric
emptying often had typical symptoms of dys-
pepsia, bloating, early satiety, and weight loss,
many also had constipation (83%) and diarrhea
(17%). Patients with delayed liquid-only results
often had symptoms of dyspepsia, nausea, and
vomiting, but many also had constipation or di-
arrhea. With small-bowel delayed transit, ab-
dominal cramping was the dominant symptom
(90%), but many also complained of constipa-
tion (75%). In patients with more than 1 region
of dysmotility, symptoms overlapped and often
were not predictive of the scintigraphic findings.
Diffuse dysmotility was seen predominantly
in patients with diabetic gastroparesis and
poor glycemic control.
Management changed for patients with positive

results, particularly those with multiple regions of
dysmotility. A change in management occurred in
17% of patients with 1 region of dysmotility, in
34% of patients with 2 regions, in 38% with 3
regions, and in more than 50% with 4–5 regions.

DISCUSSION

Various radionuclide solid gastric emptying
methodologies have been used over the years at
different imaging centers, with different study
lengths, meals, quantification methods, and ref-
erence values. However, a specific standardized
4-h protocol published by Tougas et al., with
multicenter reference values based on 123
subjects, is now recommended (19); consen-
sus recommendations have been published in
both the nuclear medicine and the gastroenterol-
ogy literature (4,5). At a few centers, combined
solid and liquid gastric emptying studies are rou-
tinely performed (12,20). Small- and large-intes-
tinal transit studies have been described and are
performed at a limited number of imaging cen-
ters, often using different methodologies, radio-
tracers, and reference values (21–24).

FIGURE 2. Abnormal clear-liquid–only emptying, normal liquid-with-solid emptying, and

normal solid emptying in same patient. (A) Clear liquid only shows poor emptying, with

delayed time–activity curve and half-time of clearance of 61 min (normal clearance is

,25 min). (B) Clear liquid ingested with solid meal shows normal multiexponential pattern

of clearance. (C) Solid-meal emptying is normal, with 95% emptying at 4 h.
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Whole-gut transit scintigraphy was first described by the Mayo
Clinic in 1995 and subsequently at Temple University in 2000
(16,17). This terminology refers to combining gastric and small-

and large-intestinal transit into 1 study. The Mayo Clinic uses a
radiopharmaceutical not approved by the Food and Drug Admin-
istration, a pH-sensitive methacrylate-coated capsule containing
111In-labeled activated charcoal particles. The capsule dissolves
on reaching the alkaline terminal ileum, releasing the radionuclide.
It can be combined with a 99mTc-labeled solid gastric emptying
meal to examine both the upper and the lower gastrointestinal tracts
(25). Temple uses 111In-diethylenetriaminepentaacetic acid (DTPA)
in water combined with a solid meal for its whole-gut studies (16).
The utility of 111In-DTPA is that it is not absorbed in the gastroin-
testinal tract and has a relatively long half-life (2.8 d), allowing for
the 3- to 4-d imaging study. The rate of transit of 111In-DTPA
correlates well with both radiopaque markers and 131I cellulose
(26,27).
At Johns Hopkins, we have been performing our comprehensive

esophagogastrointestinal scintigraphy since 2014. We published
our methodology and initial experience in 18 patients in 2015
(18). This methodology varies from other published whole-gut
scintigraphic methods in several ways. First, we perform an initial
esophageal transit study. Then, we study liquid gastric emptying in
2 ways, with clear liquid (water) only and then with simultaneous
ingestion of additional 111In water with a solid meal. Our method
of quantitating colonic transit also differs from prior described
methods. We do not calculate a geometric center of activity as
some centers have described; rather, we determine the percentage

FIGURE 3. Entire-colon delayed transit. Regions of interest are drawn around activity at 6, 24, 48, and 72 h in anterior and posterior views. Activity

at 6 h (upper left) is mostly at ileocecal valve. It was used as denominator for calculation of percentage colonic transit at each subsequent interval.

Percentage transit (excretion from body) is 0%. Images show transit of activity to descending colon on anterior view and to rectosigmoid region on

posterior view.

FIGURE 4. Proximal-colon delayed transit. Anterior images are shown

at all imaging time points. In immediate image, stomach is seen supe-

riorly. At 60–180 min, most activity is in proximal small bowel. By

240 min, activity is in distal small bowel. By 360 min, most activity is

at ileocecal valve. A region of interest is placed around this activity to

quantify small-bowel transit (activity that has reached ileocecal value

and beyond at 360 min). At 24 h, most activity is in cecum. At 48 h,

activity has reached transverse colon. At 72 h, activity distribution is

similar; most is distal although not reaching splenic flexure. Figure 5

shows quantification for this patient.
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transit, that is, the amount of activity that has left the body at 24,
48, and 72 h, calculated similarly to the method used for gastric
emptying. In addition, we provide a visual description of the extent
of transit of the radionuclide at each time point. The geometric-
center method requires drawing 5–7 regions of interest for the
colon. It is time-consuming, and invariably, different ROIs are
drawn by different technologists and physicians. We have shown
that the 2 different methods correlate quite well (18).
The reason that we include 2 different liquid studies—a 30-

min water (300 mL)-only study with 111In-DTPA followed by
111In water (120 mL) ingested simultaneously with the solid

meal and measured at 0, 1, 2, 3, and 4 h—is that our experience

suggested that the 2 methods often provide different results. This

possibility was confirmed in this investigation and suggests to us
a different pathophysiology for the 2 methods, although the ex-
planation for this difference is uncertain and requires further
study.
Demand for our comprehensive study continues to grow, and we

are now doing 5–7 studies a week, or approximately 250 studies a
year. A bias in our referral pattern may be that many patients are
referred with suspected disease in the lower gastrointestinal tract,
others because of symptoms suggestive of issues with both the
upper and the lower gastrointestinal tracts, and others because of
a poor therapeutic response to gastroparesis reported on a prior
gastric emptying study.
This paper highlights the frequency with which transit disorders

in both the upper and the lower gastrointestinal tracts occur in the
same patients. A report from Temple University in 2000 describing
its whole-gut transit scintigraphy study stated that ‘‘some patients
had a diffuse dysmotility disorder of the gastrointestinal tract’’
(15). This was similarly observed by Stivland et al. (28), but
neither publication specified its frequency or whether dysmotility

FIGURE 5. Colonic images and quantification from patient in Figure 4 (posterior views are not shown but were used for geometric mean

quantification) shows no transit (0%) out of body and regional transit delay. Time–activity curve rises slightly because of imperfect attenuation

correction. Dotted horizontal line represents 50% emptying.

TABLE 3
Distribution and Frequency of Patients with 2 Abnormal

Regions of Motility

Patients

(n) Esophagus

Stomach,

liquid only

Stomach,

liquid with

solid

Stomach,

solid

Small

bowel

Colon or

rectosigmoid

region

2 X X

2 X X

3 X X

10 X X

1 X X

1 X X

9 X X

3 X X

1 X X

4 X X

1 X X

10 X X

3 X X

Total patients 5 50.

TABLE 4
Distribution and Frequency of Patients with 3 Abnormal

Regions of Motility

Patients

(n) Esophagus

Stomach,

liquid

only

Stomach,

liquid

with

solid

Stomach,

solid

Small

bowel

Colon or

rectosigmoid

region

3 X X X

2 X X X

4 X X X

4 X X X

4 X X X

3 X X X

2 X X X

4 X X X

Total patients 5 26.
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could occur in multiple separate regions of the gastrointestinal

tract, for example, stomach and colon. Studies with the wireless
motility capsule have also found that some patients have a diffuse
motility disorder but also that patients may have dysmotility in
more than 1 region of the gastrointestinal tract, upper and lower,
and that the clinical presentation is often not predictive of regional
transit delays (29). Different patterns of delayed colonic transit
have been previously described, including a diffusely delayed
pattern, delay limited to the proximal colon, and rectosigmoid
dysfunction (30). To our knowledge, this was the first scintigraphic
study to describe and quantify these 3 patterns of colonic
dysmotility.

CONCLUSION

Esophagogastrointestinal transit scintigraphy provides referring
physicians with valuable information on which motility disorder
may be causing their patient’s symptoms, why their patient is or is
not responding to the present therapy, and if and what additional
workup and treatment may be needed. Most importantly, to our
knowledge, this was the first scintigraphic study to find that
many patients have dysmotility in more than 1 region of the

gastrointestinal tract, helping to explain patient symptoms or
poor response to therapy.
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KEY POINTS

QUESTION: The aim of this investigation was to determine the

clinical value of our comprehensive esophagogastrointestinal

transit scintigraphic study in our first 229 patients.

PERTINENT FINDINGS: One region of dysmotility in the gas-

trointestinal tract was detected in 50% of patients, 2 regions in

27%, 3 in 14%, 4 in 7%, and 5 in 2%. Upper- and lower-gas-

trointestinal dysmotility was commonly seen in the same

patient.

IMPLICATIONS FOR PATIENT CARE: This study permits refer-

ring physicians to appreciate which motility disorders may be

causing the patient’s symptoms, why a patient is or is not

responding to present therapy, and what additional workup or

therapy may be needed.
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