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Various radiologic examinations and other diagnostic tools exist for evaluating 
gastrointestinal diseases. When symptoms of gastrointestinal disease persist 
and no underlying anatomic or structural abnormality is identified, the diag-
nosis of functional gastrointestinal disorder is frequently applied. Given its 
physiologic and quantitative nature, scintigraphy often plays a central role in 
the diagnosis and treatment of patients with suspected functional gastrointes-
tinal disorder. Most frequently, after functional gallbladder disease is excluded, 
gastric emptying scintigraphy (GES) is considered the next step in evaluating 
patients with suspected gastric motility disorder who present with upper gastro-
intestinal symptoms such as dyspepsia or bloating. GES is the standard modali-
ty for detecting delayed gastric emptying (gastroparesis) and the less commonly 
encountered clinical entity, gastric dumping syndrome. Additionally, GES can 
be used to assess abnormalities of intragastric distribution, suggesting specific 
disorders such as impaired fundal accommodation or antral dysfunction, as 
well as to evaluate gastric emptying of liquid. More recently, scintigraphic exam-
inations for evaluating small bowel and large bowel transit have been developed 
and validated for routine diagnostic use. These can be performed individually 
or as part of a comprehensive whole-gut transit evaluation. Such scintigraphic 
examinations are of particular importance because clinical assessment of sus-
pected functional gastrointestinal disorder frequently fails to accurately localize 
the site of disease, and those patients may have motility disorders involving 
multiple portions of the gastrointestinal tract. The authors comprehensively 
review the current practice of gastrointestinal transit scintigraphy, with diseases 
and best imaging practices illustrated by means of case review.
©RSNA, 2024 • radiographics.rsna.org

Introduction
Functional gastrointestinal disorders are extremely common, with a reported 
prevalence of 40%–69%, and account for 35% of ambulatory care visits in the 
United States (1–3). The underlying diseases responsible for functional gas-
trointestinal disorders contribute to a significant proportion of health care 
utilization, costing an estimated $22 billion annually in the United States, 
excluding the additional economic burden incurred from lost workdays and 
productivity (4).

Functional gastrointestinal disorders correspond to a group of disorders 
related to any combination of the following: a disturbance of gastrointestinal 
motility, mucosal immune dysfunction, alterations of the normal gut microbi-
ota, visceral organ hypersensitivity, and/or altered processing by the central 
nervous system (5). Symptoms are frequently vague and include common re-
ports such as dysphagia, nausea and/or vomiting, early satiety, bloating, ab-
dominal or pelvic discomfort or pain, diarrhea, and constipation (6).
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TEACHING POINTS
	� Since the advent of the 2008 solid GES consensus document, research-

ers have shown that liquid emptying is often abnormal despite a normal 
solid GES examination, resulting in identification of 30% more cases of 
abnormal gastric emptying.
	� Medications are reviewed, and any prescriptions that impact gastro-

intestinal motility are withheld for 2 days before GIT scintigraphy and 
until after imaging is completed, unless requested otherwise by the or-
dering provider (such as to assess response to medical therapy).
	� A standardized low-fat meal to allow uniform measurement of results 

was developed (4 oz of liquid egg whites, two slices of white bread, 30 
g of strawberry jam, and 120 mL of water, with the egg component la-
beled with 0.5–1 mCi of 99mTc-SC).
	� Given that small bowel motility is complex, with varying patterns of con-

traction in the proximal versus distal small bowel with episodes of retro-
grade movement, a method based on filling of the terminal ileum reservoir 
(TIR) and colon are used that provide a simple clinically friendly approach.
	� It must be noted that an accurate assessment of small bowel transit is 

dependent on adequate gastric emptying. Fortunately, even moderate 
delays do not significantly impact the small bowel assessment and, as 
long as the retention of the labeled liquid is less than 50% at 2 hours, a 
diagnostic evaluation can be performed.

TestYour 
Knowledge

separately or collectively using a whole-gut scintigraphy 
technique. Fortunately, the examinations share many aspects 
regarding patient preparation and imaging protocols, facili-
tating their routine clinical implementation. In the following 
sections, we discuss these examinations in depth and review 
best practices, clinical indications, standardized techniques, 
and interpretation criteria.

Clinical Indications

GES: Solids
By far the most common scintigraphic examination of GIT is 
GES. It is completely physiologic and can be done in a single 
day, unlike the wireless motility capsule. The radiation dose 
is low, with 0.5 mCi (1.85 MBq) of technetium 99m (99mTc) 
sulfur colloid (SC) imparting an effective dose equivalent of 
0.17–0.31 mSv (17–31 mrem), which is less than half that of an 
abdominal radiographic examination (16). Other advantages 
include its noninvasive nature, use of common foods, repro-
ducibility, quantitative data, and ability to look at intragas-
tric meal distribution. The only significant disadvantage is 
that some patients are intolerant to aspects of the standard-
ized meal (eggs or gluten, most commonly, and alternative 
meals, while available, have not been universally agreed on 
or widely studied.

GES is most often performed due to a clinical concern for 
gastroparesis, also known as delayed gastric emptying (DGE). 
Patients with suspected gastroparesis present with a range of 
symptoms that may be suggestive of an upper gastrointestinal 
source but are otherwise nonspecific. These include nausea, 
vomiting, abdominal fullness, abdominal distention, and/or 
early satiety (17–19). Patients with gastroparesis are typically 
middle aged, with women four times more frequently diag-
nosed than men (19). Nausea is almost universally present, and 
the cause is idiopathic in one-third of cases. Identifiable causes 
include viral injury to either the neural network of the stomach 
or the interstitial cells of Cajal and long-standing diabetes (20). 
Gastroparesis occurs late in diabetes, after advanced sequela 
such as retinopathy, nephropathy, or neuropathy are already 
present. Less well recognized is that gastroparesis is also fre-
quently encountered in individuals with postural tachycardia 
syndrome as well as Parkinson disease, often being the pre-
senting symptom in both of these disorders (21,22). Last, it is 
not uncommonly related to medications or seen following fun-
doplication or bariatric surgery (23).

More recently, attention has turned to the less common 
but also clinically important diagnosis of rapid gastric 
emptying, also known as dumping syndrome. While gast-
roparesis is a well-known complication of chronic diabetes, 
it is now recognized that rapid gastric emptying is also a 
complication, particularly in the early stages of the disease 
(24). Rapid gastric emptying can manifest with symptoms 
of functional dyspepsia and may be due to impaired stom-
ach accommodation of a meal, with food reaching the duo-
denum too quickly (25). Recently, an entity known as cyclic 
vomiting syndrome has gained recognition. Cyclic vomiting 
syndrome is an incompletely understood disorder charac-
terized by recurrent episodes of severe vomiting separated  

Gastrointestinal Transit Diagnostic Tools
Various diagnostic tools are available to evaluate functional gas-
trointestinal disorders. Commonly, endoscopy and colonosco-
py are used by gastroenterologists and surgeons to ensure the 
absence of underlying obstructive or inflammatory pathologic 
conditions. Barium fluoroscopy is sometimes preferred for this 
same purpose, with the advantages being it is noninvasive and 
has a lower cost, but it is limited by the inability to allow simul-
taneous biopsy of abnormalities. If these examinations are un-
revealing, a functional disorder may still be suspected, with the 
choice of the next diagnostic test based on the part of the gastro-
intestinal tract suspected as the source of symptoms. 

For esophageal concerns, manometry or fluoroscopy may 
be performed to evaluate the quality and coordination of 
muscle contractions during swallowing. For suspected bil-
iary disease, US or MR cholangiopancreatography may be 
performed. For stomach, small bowel, or colon concerns, 
the choices include scintigraphy, use of a wireless motility 
capsule that is swallowed by the patient, a gastric emptying 
breath test to assess gastric emptying, and use of radiopaque 
markers that are swallowed by the patient and used to mea-
sure colonic transit (Table 1).

Scintigraphy
There are several gastrointestinal transit (GIT) scintigraphic 
examinations currently in use in clinical practice. These in-
clude assessments of transit through the esophagus, stom-
ach, small bowel, and colon, all of which can be performed 
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by asymptomatic intervals (26). While a small number of 
these individuals do demonstrate slow or even normal gas-
tric emptying, two-thirds have rapid gastric emptying at 
examination (27). The same surgical procedures that lead 
to DGE (weight loss and antireflux procedures) can also in-
crease the risk for developing gastric dumping.

Since disorders of gastric transit result in the caloric con-
tent of food and liquids reaching the bowel too slowly or too 
quickly, they can impact the established balance between 
diet and medications, manifesting as a loss of glycemic con-
trol. Therefore, a related indication for GES is assistance with 
management of diabetes in patients who develop poor glyce-
mic control but may not have symptoms.

Similarly, severe gastroesophageal reflux disease may trig-
ger a referral for GES, since severe delay in gastric emptying 
can increase gastric acid levels and affect lower esophageal 
sphincter function (28). Performing GES in patients with 
reflux significant enough to warrant fundoplication allows 
identification of potential concomitant gastroparesis and the 
need for pyloroplasty as part of the surgery (29).

GES is also beneficial when evaluating patients with 
chronic constipation who are being considered for colecto-
my. Colorectal specialists are aware that a significant num-
ber of these patients will have coexistent disorders of gastric 
emptying or small bowel transit in addition to their delayed 
colonic transit. In those cases, whole-gut transit scintigra-
phy should be performed to identify patients who may not 
benefit from surgery to correct their symptoms (30). Final-
ly, GES can also be performed to evaluate response to phar-
macologic treatment, for example, after initiation of proki-
netic therapy (31).

GES: Liquid
A major factor impacting gastric emptying is the composi-
tion of the meal: solid, semisolid, liquid, or a mix thereof. 
Liquid emptying is independent of antral function since it 
does not need to undergo trituration. It is instead felt to be 
predominately under the influence of the proximal to distal 
pressure gradient from fundal contraction. Historically, it 
was believed that because of the perceived simpler nature 

Table 1: Nonscintigraphic Techniques Commonly Used for Assessment of GIT

Test Indications Technique Limitations

Gastric emptying 
breath test 

Suspected 
gastroparesis

All medications effecting gastrointestinal motility are withheld, and the 
patient fasts for 8 hours

Standardized meal is consumed including spirulina (an edible blue-green 
algae) or octanoic acid (a fatty acid) labeled with carbon 13 (13C) (7–10)

Meal enters the stomach, where it is transformed to chyme before exiting 
into the duodenum

Radiolabeled substrate is digested and absorbed in the duodenum and then 
metabolized by the liver and exhaled through lungs as 13 C dioxide (13 CO2)

Seven breath samples are obtained over 4 hours, and 13C percentage is 
measured

Dysfunction in 
duodenal, liver, 
or pulmonary 
function may 
limit accuracy

Wireless motility 
capsule 
(SmartPill; 
[Medtronic])

Suspected 
gastroparesis

Chronic 
constipation

Battery-powered capsule measures 2.7 cm long; 120-hour lifespan
Ingested in conjunction with standardized 260-kcal nutrient bar (SmartBar 

[Medtronic]) and 50 mL of water (11)
Patients wear a belt monitor throughout the test to record data transmitted 

from the capsule until passed, usually for 3–5 days
Temperature, pH, and pressure measurements allow its localization during 

transit (7). When measuring gastric emptying, sudden increase in pH 
identifies the transition from the acidic stomach to the relatively basic 
environment of the duodenum. A small distinct drop in pH signals the 
capsule has reached the colon. The end of large bowel transit shows an 
appropriate drop in temperature as the capsule exits the rectum.

Not physiologic
Difficult to 

swallow for 
some patients

Radiopaque 
markers (eg, 
SitzMarkers 
[Konsyl 
Pharmaceutical])

Chronic 
constipation

Radiopaque markers, typically ring or cylindrical shaped, are plastic and 
contain barium

Ingested via dissolving capsules typically containing 20–24 markers
Depending on the protocol, the capsule is ingested on day 1, and abdominal 

radiographs are obtained at 24-hour intervals for up to 5 days; or, 
conversely, capsules can be administered serially on days 1, 2, and 3, and 
a radiograph is obtained on day 4 (72 hours after initial ingestion), as well 
as on day 7 and day 10, if needed

Based on the number of markers remaining in the large bowel and their 
location, diagnostic information regarding colorectal function can be 
obtained (7)

Using the single-capsule technique, most healthy adults pass the majority of 
radiopaque markers by day 5 (<20% of rings remaining is normal) (14,15)

Lack of 
standardization 
of protocols

Radiation 
exposure

5–10 days in 
length (7,12,13)

Note.—GIT = gastrointestinal transit.
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of liquid emptying from the stomach, it would invariably 
be abnormal only in the setting of an abnormal solid GES. 
Hence, it was generally reserved only for very young pediat-
ric patients and others who could not tolerate the solid meal. 
Since the advent of the 2008 solid GES consensus document, 
researchers have shown that liquid emptying is often abnor-
mal despite a normal solid GES examination, resulting in 
identification of 30% more cases of abnormal gastric emp-
tying (32). Therefore, some advocate its use routinely while 
others see it as most helpful in further assessing patients 
with normal solid GES results.

Small Bowel and Colonic Transit Scintigraphy
Differentiating upper and lower gastrointestinal tract dys-
function can on occasion be exceedingly difficult. In a study 
of 104 patients with either dyspepsia or constipation, Bona-
pace et al (33) found one-third of patients with dyspepsia to 
have abnormal colonic transit and another 10% to have slow 
small bowel transit. Over a quarter of patients with clinical 
symptoms of constipation had a gastric or small bowel mo-
tility disorder (33). This changed the diagnosis in almost half 
of the patients and impacted management in two-thirds. 

Very similar results have been reproduced in a study of 103 
patients with nonspecific symptoms of a GIT disorder (34). 
The authors found the same impact on management and re-
ported that over one-fifth of patients had more than one re-
gion of abnormal motility, with the stomach as the dominant 
region in two-thirds of those instances. Hence, it is reasonable 
to consider a whole-gut transit examination in patients with 
symptoms suggestive of either DGE or rapid gastric emptying 
in addition to the classic indications for a lower GIT examina-
tion (Table 2).

Patient Preparation
Proper patient preparation for any GIT scintigraphy exam-
ination begins when scheduling the appointment. Patients 
are queried regarding food allergies (particularly eggs and 
gluten), as well as any other dietary restrictions. Medications 
are reviewed, and any prescriptions that impact gastrointes-
tinal motility are withheld for 2 days before GIT scintigraphy 
and until after imaging is completed, unless requested oth-
erwise by the ordering provider (such as to assess response 
to medical therapy) (Table 3). If colonic transit is being in-
vestigated, laxatives are also withheld for 2 days prior and 
throughout the entire 4 days of imaging (40).

Although the original research by Tougas et al (41) did not 
show any variations in stomach gastric emptying due to sex or 
menstrual phase, others have shown a difference in stomach 
motility attributed to hormonal variations. Hence, for GES, it 
is recommended by the original consensus group to try and 
perform the test during the first 10 days of the menstrual cycle 
(37). Additionally, the same group recommended cessation of 
smoking from the morning of the GES examination through 
the completion of the examination because some research has 
shown that smoking delays gastric emptying. However, there 
is no complete agreement on this topic, and the later major 
societal guidelines (Society of Nuclear Medicine and Molec-
ular Imaging [SNMMI]) and practice parameters (American 
College of Radiology) do not address smoking (36,42). Simi-
larly, while the guidelines do not discuss cannabinoids, its 
prevalence as a social drug and impact on gastric emptying 
raise the question of screening for its use among patients (43).

Given its duration, GIT scintigraphy is typically scheduled 
to begin in the morning, with the patient instructed to fast 
overnight. If an afternoon time is scheduled, they should 

Table 2: Common Clinical Indications for Esophageal, Gastric, Small Bowel, and Colonic 
Transit Scintigraphy

Indication Esophageal Gastric SB Colonic

Achalasia ×
Esophageal stricture ×
Suspected gastroparesis ×
Symptoms of dumping syndrome ×
Diabetes mellitus with new loss of glycemic control ×
Severe refractory GERD ×
Preoperative gastric fundoplication ×
Chronic idiopathic intestinal pseudo-obstruction × ×
Malabsorption syndrome × ×
Celiac disease × ×
Scleroderma × × ×
Chronic diarrhea × ×
Functional dyspepsia × × ×
Chronic constipation × × ×
Assess response to therapy × × × ×

Sources.—References 35, 36.
Note.—GERD = gastroesophageal reflux disease, SB = small bowel, × = yes.
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be instructed not to eat or drink for the preceding 6 hours 
(extended to 8 hours if the small bowel or colonic transit is 
being assessed) (40). A small amount of water is permissible 
as needed to take other prescribed medications.

On the morning of GIT scintigraphy, patients with diabetes 
should bring their blood glucose monitoring device, as well as 
their insulin. Blood glucose levels should be measured and the 
value reported with the results of the study. The original 2008 
consensus document stated that glucose levels should be below 
275 mg/dL before performing the examination for the results 
to be accurate because hyperglycemia slows gastric emptying 
(44). This value has been revised down to 200 mg/dL in sub-
sequent guidelines and parameters (36,42). If it is too high, the 
patient should administer their insulin to achieve an appropri-
ate level. If the level is normal at the time of initial testing, an 
option is to have a patient take half of their normal morning 
insulin dose. This amount was chosen to avoid hypoglycemia 
during the duration of the 4 hours of imaging given there is no 
other caloric intake besides the test meal, although there is no 
widely agreed-on approach (45).

It should be noted that some experts advocate for measuring 
blood glucose levels in all patients, similar to that performed 
before administration of fluorine 18–labeled fluorodeoxyglu-
cose (18F-FDG). Hyperglycemia can delay gastric emptying in 
patients without diabetes, and recent research has shown that 
over 10% of individuals presenting for GES have undiagnosed 
diabetes and another one-third meet the criteria for prediabe-
tes (46,47). 

Scintigraphic Techniques

GES: Solid
In the 1990s, Tougas et al (41) were looking to assess the 
effects of gastric pacing on stomach emptying in patients 
with intractable gastroparesis. They developed a standard-
ized low-fat meal to allow uniform measurement of results 
(4 oz of liquid egg whites, two slices of white bread, 30 g of 
strawberry jam, and 120 mL of water, with the egg compo-
nent labeled with 0.5–1 mCi of 99mTc-SC) (43). Liquid egg 
whites were chosen in part because the SC binds to the pro-
tein albumin found in the egg whites but does not bind to 
egg yolks. Using only the egg whites helps ensure that the 
radiotracer does not separate from the cooked egg in the 
acidic milieu of the stomach where it could potentially be 
absorbed by or bound to the stomach wall, leading to spuri-
ous results (41). In 2008, a working group of the American 
Motility Society and the SNMMI built on this protocol and 
published their consensus guidelines on a standardized 
methodology for GES that addressed not only the meal but 
also patient preparation, imaging technique, processing, 
and interpretation (37).

The liquid egg is mixed thoroughly with the 0.5–1.0 mCi 
of 99mTc-SC. It can be cooked either using a skillet (nonstick 
frying pan) or microwaved to the consistency of a firm omelet, 
with either technique showing good labeling (48). If the radio-
tracer is added after cooking, the labeling efficiency decreases 
markedly due to poor binding of the SC and albumin (45).

Table 3: Medications That Alter Gastric Emptying, Either Intentionally or as a Side Effect

Class Drug Examples

Increase gastrointestinal motility
Dopamine receptor antagonist Metaclopramide (Reglan [ANI Pharmaceuticals]), domperidone (Motilium [Janssen])
Serotonin agonist Tegaserod (Zelnorm [Alfasigma USA]), cisapride (Propulsid [Janssen])
Acetyl cholinesterase inhibitors Neostigmine, pyridostigmine
Macrolide antibiotics Erythromycin, azithromycin, clarithromycin
Laxatives* Bulk forming, psyllium, dietary fiber, methylcellulose, osmotics, lactulose, sorbitol, 

polyethylene glycol, milk of magnesia, lubricants, mineral oil
Decrease gastrointestinal motility

Opioids Meperidine (Demerol [Pfizer]), codeine, morphine, oxycodone (OxyContin [Purdue], 
Percocet [Endo Pharmaceuticals])

Antispasmodic Glycopyrrolate (Robinul [Rising])
Anticholinergic Dicyclomine (Bentyl [Teva])
Muscarinic antagonist Hyoscyamine (Levsin [Alaven Pharmaceutical])
Combination (anticholinergic and antispas-

modic)
Donnatal (combination belladonna alkaloids and phenobarbital)

Glucogon-like peptide 1 (GLP-1) agonists Dulaglutide (Trulicity [Eli Lilly]), semaglutide (Ozempic [Novo Nordisk])
Cannabis, cannabinoids Marijuana, tetrahydrocannavinal (THC), cannabidiol (CBD)

Note.—These should be discontinued for 48 hours prior to the examination and until imaging is complete on the day of examination (if 
not contraindicated). If the patient is undergoing colonic transit scintigraphy, then the medications should also be withheld until all 4 
days of imaging are completed. Patients requiring medication for severe nausea or vomiting that may interfere with the examination 
may take a serotonin antagonist such as ondansetron (Zofran [Sandoz]), which has little effect on gastric emptying (37). GLP-1 agonists 
and cannabis and cannabinoids are not discussed in existing guidelines but have also been shown to slow gastrointestinal motility (38). 
Likewise, cannabis and its byproducts have a similar impact (39).
* Only pertinent for colonic transit studies.
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The meal is consumed as an egg sandwich along with the 
water. Patients should consume the meal within 10 minutes. 
Prolonged or incomplete ingestion should be documented in 
the report. Similarly, incomplete meal ingestion or emesis 
should also be documented, as the rate of gastric emptying 
may be overestimated in these instances (49). Recent research 
suggests that GES examinations with partial meals with con-
sumption of at least 50% still yielded diagnostic results using 
the stand normative criteria (50).

Imaging is performed with the patient upright, obtaining 
anterior and posterior acquisitions for 1 minute each. The an-
terior and posterior images may be obtained simultaneous-
ly with a dual-head γ-camera or sequentially if using a sin-
gle-head camera. Otherwise, the left anterior oblique position 
is the best alternative to parallel the path of the stomach (51). 
Initial imaging at time zero is performed immediately after 
meal consumption and then again at 1 hour, 2 hours, and 4 
hours. While not reflected in the current guidelines and pa-
rameters, a 30-minute acquisition is also recommended giv-
en its utility in the assessment of rapid gastric emptying (49).

Acquiring the 4-hour image for solid GES extends the time 
the patient must be present for the examination and is an ad-
ditional, albeit small, burden on the clinic workflow. However, 
two studies have demonstrated the diagnostic impact of ex-
tending the imaging time from 2 to 4 hours, allowing identi-
fication of up to 30% more patients with DGE who had shown 
normal results at the 2-hour time point (52–54).

For time point 0, a region of interest (ROI) is drawn on both 
the anterior and posterior images to include all radiotracer in 
the field of view, regardless of whether it is in the stomach or 
has reached the small bowel. Failure to include this extragas-
tric portion of activity will spuriously underestimate gastric 
emptying at subsequent time points. For 1-, 2-, and 4-hour 
images, ROIs are drawn around the entire stomach, includ-
ing the fundus through the antrum. It is important on these 
images to ensure no activity from the adjacent small bowel is 
included within the ROI to prevent spuriously underestimat-
ing gastric emptying.

Because the examination is performed over 4 hours and 
99mTc has a 6-hour half-life, radioactive decay correction must 
be performed to correct the number of counts at each time 
point. Failure to do so will overestimate the rate of stomach 
transit. Once the counts are corrected, attenuation correc-
tion is then applied by use of the geometric mean. This step 
is important because of the relative posterior (fundus) to an-
terior (antrum) movement of ingested material as it traverses 
the stomach. Failure to apply attenuation correction can also 
cause underestimation of the rate of gastric emptying by 10%–
30%, depending on the habitus of the patient (45).

The results of the decay-corrected geometric means are 
used to determine the percent retention in the stomach at each 
time point by dividing the total counts at the time point by the 
initial total counts. The percent retention can then be graphed 
over time (Fig 1). Measuring the time it takes half of the radio-
labeled meal to leave the stomach (half-emptying time) is not 
recommended because it can be less accurate, particularly in 
cases of delayed emptying when extrapolation of the data are 
necessary to determine the half-emptying time.

GES: Liquid
Fortunately, a liquid GES examination is relatively easy to 
perform and can either be accomplished on the same day as 
a solid GES (as well as small bowel and colonic transit exam-
inations discussed later) or on separate days. When done on 
a different day, the water is labeled with 0.5–1 mCi of 99mTc-SC 
or diethylenetriaminepentaacetic acid (DTPA). If done on the 
same day, the liquid GES is performed using 300 mL of water 
labeled with 0.2 mCi of indium-111 (111In) DTPA (effective dose 
equivalent to 163–182 mrem [1.63–1.82 mSv]) (16). This provides 
alternative photopeaks of 171 keV and 247 keV for imaging, thus 
ensuring any residual activity will not impact the accuracy of 
the subsequent solid GES or other GIT examinations (55). Left 
anterior oblique images are acquired in a continuous fashion 
using 1-minute frames, with imaging beginning with ingestion 
and continuing for 30 minutes. A half time of emptying is then 
calculated, with normal being less than 25 minutes (Fig 2).

A combined solid and liquid examination with a dual iso-
tope has been described for gastric emptying. The standard-
ized meal is used with 111In-DTPA labeling the water and the 
99mTc-SC labeling the solid component of the meal. The dif-
ferent photopeaks of the radiotracers then allow separate 
measurement of the two components. It should be noted that 
the transit of liquid in the stomach is impacted by several fac-
tors, including the presence of solids that increase the time 
it takes for the water to transit the stomach. Hence, the liq-
uid results from a combined study do not correlate with the 
results obtained from a liquid-only examination. In a study 
of 18 healthy controls, authors found that the upper limits of 
normal half-emptying time for liquid when consumed with 
the consensus meal was 74 minutes (34).

Small Bowel Transit Scintigraphy
Scintigraphic evaluation of the small and large bowel has 
been performed since the 1970s. However, it was only in 2013 
that a practice guideline became available. Subsequently, in 
2016 the Current Procedural Terminology (CPT) code 86266 
was instituted for gastric emptying with the addition of the 
small bowel and/or colon, providing practitioners a means to 
perform the examination with standardized technique and 
interpretation (40).

Current guidelines offer different protocols that may be 
used for assessment of the small bowel, measurement of co-
lon transit, or a whole-gut examination evaluating the stom-
ach and bowel transit (40). In many ways, these protocols are 
similar to and are an extension of the consensus approach to 
solid GES with the addition of water labeled with 111In-DTPA 
and later imaging time points to evaluate small and/or large 
bowel transit (Table 4). If gastric emptying is to be part of 
the examination, then the consensus solid meal is used but 
with the addition of 0.1–1.0 mCi of 111In-DTPA in 300 mL of 
water as used in liquid-only GES. Although this is a larger 
volume of water compared with the 120 mL of water in the 
standard solid consensus meal, probably there is no or only 
little effect on the solid gastric emptying results since the 
volume of liquid does not appear to significantly impact the 
transit of solids (56). If measurement of gastric emptying is 
not necessary, then only the water is labeled but 111In-DTPA 
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is still used given its longer half-life (67.2 hours), which is 
necessary for the later time points. If necessary, gallium-67 
(67Ga) citrate with its half-life of 78.3 hours can be used as an 
alternative agent (35).

Images are acquired in both the anterior and posterior 
projections. The 140 keV photopeak is included if solid GES 
is included. If not, only the 171 keV and 247 keV photopeaks 

are captured. Up through 6 hours, 60-second acquisitions are 
obtained and then 4 minutes if a 24-hour image is obtained. 
Counts are decay corrected and then the geometric mean is 
calculated as described previously.

Given that small bowel motility is complex, with varying 
patterns of contraction in the proximal versus distal small 
bowel with episodes of retrograde movement, a method 

Figure 1. Normal solid GES examina-
tion. Paired anterior (ANT) and posterior 
(POST) images (A) of the stomach at 0 
minutes, 30 minutes, 1 hour, 2 hours, 
and 4 hours show ROIs (red outlines) 
that each appropriately include the en-
tire stomach. The meal appropriately lo-
calizes to the fundus at early time points 
due to normal fundal accommodation 
(arrow) (time [T] = 0). It then progresses 
distally to the antrum (arrowhead, T = 
2 hours) and into the small bowel 
(dashed ovals, T = 4 hours). The counts 
(CTS) are used to create a geometric 
mean [square root of (anterior counts × 
posterior counts)] and can be provided 
in a table (B) and/or graph (C) format 
with upper and lower limits of normal 
included.
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based on filling of the terminal ileum reservoir (TIR) and 
colon are used that provide a simple clinically friendly ap-
proach (57). This was chosen because most patients reliably 
demonstrate a pooling of activity in the right lower quadrant 
before visualization of radiotracer progressing to the colon 
(58). Localizing this region is relatively easy in transit scintig-
raphy and allows a manual ROI to be drawn in this region with 
facility (33). The total abdominal counts at the 2-, 3-, 4-, and 
5-hour time points are measured and an average is calculat-
ed. Then at 6 hours, ROIs are drawn to include the radiotrac-
er activity in the TIR, as well as any activity that has passed 
into the colon (measurement at the 24-hour time point may 
be necessary to help define the anatomy of the colon and TIR) 
(Fig 3). The percent small bowel transit is then calculated as 
follows using the decay-corrected geometric mean values: 

percent of small bowel transit = (total counts TIR + colon) /  
average total abdominal counts.

Since the guidelines were published, researchers have de-
scribed a simplified technique for determining the total ab-
dominal counts by measurement of only a single time point 
while using the remaining time points for qualitative assess-
ment and localization of the TIR (59). Additionally, in equivo-
cal cases at 6 hours, having the patient drink a commercially 
available liquid nutrient meal and reimaging 20 minutes lat-
er can frequently help localize the TIR and ascending colon, 
obviating the need for a 24-hour follow-up image (56).

Colonic Transit Scintigraphy
Imaging for colonic transit begins at 24 hours after meal admin-
istration and is repeated at 48 and 72 hours. The 72-hour image 

Figure 2. Normal liquid GES 
examination. Representative 
1-minute left anterior oblique 
image (left) shows the stomach 
from a 30-minute acquisition with 
the ROI (outline). The time-activity 
curve (TAC) (bottom right) shows 
normal rapid transit of the water 
with a half-emptying time (T1/2) of 
10 minutes (arrow). Normal is less 
than 25 minutes. Of note, the small 
dips in the data at 0–1, 4–5, and 
14–15 minutes are typically due to 
patient motion and, if necessary, 
can be eliminated by manually ad-
justing the stomach ROI for those 
individual frames. T = time.

Table 4: Imaging Time Points to Acquire during Small Bowel, Colonic, or Whole-Gut Transit Scintigraphy

Imaging Time Point (Meal 
Consumed in 10 min) Solid Gastric Emptying Small Bowel Transit Colonic Transit Acquisition Time (min)

0 min × × 1
30 min × 1
1 h × × 1
2 h × × 1
3 h × 1
4 h × × 1
5 h × 1
6 h × 1
24 h Optional × 4
48 h × 4
72 h × 4

Note.—Zero, 1-, 2-, and 4-hour time points provide data for both gastric and small bowel transit, while the 24-hour image aids 
the assessment of small and large bowel transit. All images are acquired using a 128 × 128–pixel matrix. If imaging with 99mTc, 
a low-energy high-resolution (LEHR) or general-purpose collimator is best, set for a photopeak of 120 keV with a 20% window 
(36). If imaging with 111In or both radiotracers, a medium-energy collimator is recommended with 172-keV and 247-keV photo-
peaks with 15% windows for the 111In, and the window for 99mTc is also reduced to 15%. If there is significant spillover from the 
99mTc activity into the lower-energy 172-keV 111In photopeak, a single 247-keV peak for 111In can be used (35). × = when to acquire.
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is particularly helpful to diagnose functional rectosigmoid out-
let obstruction and to best localize other forms of functional 
colonic obstruction. As mentioned with small bowel imaging, 
4-minute acquisitions in the anterior and posterior projections 
are obtained and the geometric means are calculated.

Societal guidelines (36, 40) recommend that the evaluation 
of colonic transit be performed by calculating the geometric 

center of the counts at each of the time points. The geometric 
mean is a weighted average of where the activity is in the large 
bowel. The colonic activity is divided into seven segments: 
cecum and ascending colon, hepatic flexure, transverse co-
lon, splenic flexure, descending colon, rectosigmoid, and the 
amount excreted, with the excreted value being based on the 
total initial counts minus the retained counts. Each segment 
of the colon is given a sequentially increasing integer as a 
weighting factor (cecum and ascending colon = 1, excreted 
amount = 7) (Figs 4, 5). The geometric center is then calcu-
lated as the decay-corrected geometric mean of each segment 
multiplied by its designated weighted factor. A low geometric 
center is seen with activity predominately in the proximal co-
lon, while a high geometric center indicates that the activity is 
located more in the distal colon.

An alternative approach has been developed by Antoniou 
et al (34). Using the 6-hour counts as the total, the percent of 
colonic emptying is calculated at 24, 48, and 72 hours. These 
values have been shown to correlate well with results using 

Figure 3. Scintigraphic images show normal small bowel transit. The total abdominal counts are measured (red 
ROI), and the average is calculated from the 2-, 3-, 4-, and 5-hour time points. The activity in the TIR and the cecum 
and ascending colon (green ROI) at 6 hours is used to measure the small bowel transit. The value in this patient was 
56%, above the normal cutoff of 40%–50%. ANT = anterior, POST = posterior.

Figure 4. Diagram shows the division of the colon for calculation of 
the geometric center. The colonic activity is divided into seven seg-
ments, with the weighted values increasing distally: 1 = cecum and 
ascending colon; 2 = hepatic flexure; 3 = transverse colon; 4 = splenic 
flexure; 5 = descending colon; 6 = sigmoid colon and rectum; 7 = the 
amount excreted, which is calculated by subtracting the amount re-
tained throughout the colon from the initial total abdominal counts. 
(Adapted and reprinted, with permission, from reference 35.)
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the geometric center method (34). However, this method 
does not provide the numerical anatomic localization of the 
site of predominant colon activity provided by the geometric 
center method.

Imaging Interpretation

Gastric Emptying
Normal values for gastric emptying of solids for the stan-
dardized protocol and the consensus meal were established 
by Tougas et al (41) using a study of 123 normal subjects 
across 11 different medical facilities. A subsequent reanalysis 
of the data also provided values for rapid gastric emptying 
(Table 5) (61).

A normal solid gastric emptying examination with normal 
transit shows the meal activity to localize predominately to the 
fundus at time point 0, and it serves as an indirect means of 
assessing fundal accommodation (for a discussion of scinti-
graphic techniques for directly assessing fundal accommoda-
tion, the reader is referred to Bennink et al [63] and Orthey et 
al [64]). The meal subsequently progresses from the fundus 
to the gastric body, the antrum, and into the small bowel. Re-

tentions fall within the standardized upper and lower limits of 
normal at each time point.

With DGE, the percent retention is greater than 60% at 2 
hours and/or 10% at 4 hours with a failure of normal gastric 
transit. As touched on briefly in reporting, it can be helpful, 
if possible, to describe the pattern of DGE. This can be due 
to fundal dysfunction, when the fundus fails to contract and 
thus the meal does not transition in normal fashion to the 
body and antrum, manifesting as prolonged retention of the 
meal in the proximal stomach (Fig 6).

Alternatively, DGE may manifest with only abnormal in-
creased retention at 2 or 4 hours and be due to antral dys-
function. The antrum performs trituration, where solids and 
semisolids are ground down into 1–2-mm particles by mus-
cular contractions and then are passed through the pylorus 
by peristalsis. In this situation, the radiolabeled meal will 
be seen to transit normally during the first half of the exam-
ination when fundal function predominates and then fail to 
transition from the antrum into the small bowel (Fig 7).

In some instances, the examination will demonstrate DGE 
but no clear regional abnormality. These may be due to a dif-
fuse abnormality of gastric emptying or combined fundal and 
antral dysfunction. Less commonly, the visual assessment of 
the examination might suggest fundal or antral dysfunction 
despite activity curves being within the limits of normal (Fig 8).

Rapid gastric emptying is diagnosed by abnormalities in-
volving the 1-hour time point or 30-minute time point, if ac-
quired. This results in the meal too rapidly reaching the du-
odenum, resulting in symptoms in addition to alterations in 
blood glucose levels. Like with cases of DGE, it is important 
to assess the intragastric meal distribution to determine if a 
regional abnormality can be identified. If a regional abnor-
mality is present with rapid gastric emptying, it is a failure of 
fundal accommodation where the meal fails to localize in the 
fundus on time point–0 images and possibly on 30-minute 
images due to inappropriate relaxation with the ingestion of 
a meal (Fig 9). Given the relation between fundal dysfunction 
and issues of fundal accommodation, it is worth noting that a 
direct means of scintigraphically assessing fundal accommo-
dation has been validated (65).

Figure 5. Division of 
the colon at 24, 48, and 72 
hours for calculation of 
the geometric center in a 
patient with generalized 
colonic delay. (Reprinted 
under a CC BY 4.0 license 
from reference 60.)

Table 5: Normal Limits of Gastric Retention Using the 
Consensus Meal

Time Point
Lower Limit

(% Retention)
Upper Limit

(% Retention)

30 min 70 ...
1 h 30 90*

2 h ... 60

4 h ... 10

Note.—A value below the lower limit at 30 minutes or 1 hour 
defines rapid gastric emptying, while a value exceeding 60% at 
2 hours or 10% at 4 hours is consistent with DGE.
* While a retention of greater than 90% was found to be ab-
normal at 1 hour, this is not used in more recent literature as a 
criterion for defining DGE (35,62).
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Delayed liquid gastric emptying is present if the half-empty-
ing time is greater than 25 minutes. Some experts suggest this 
examination may help identify a subset of fundal dysfunction 
not always seen at solid GES, given that the liquid meal does not 
undergo trituration in the antrum and thus is only dependent 
on the fundal proximal-to-distal pressure gradient (Fig 10).

Small Bowel Transit
In healthy individuals, 40%–50% or more activity will reach 
the TIR and beyond by the 6-hour image, depending on the 
reference (34,40). Alternatively, the small bowel transit is nor-
mal if 10% or more can be seen in the colon (Fig 11). In the 
setting of delayed small bowel transit, the 6-hour image will 

Figure 6. DGE due to fundal 
dysfunction. (A) Paired anterior 
(ANT) and posterior (POST) scin-
tigraphic images of the stomach 
at 0 minutes, 30 minutes, 1 hour, 
2 hours, and 4 hours. The meal 
appropriately localizes in the 
fundus (arrows) initially due to 
fundal accommodation but then 
fails to transition distally because 
the fundus does not appropri-
ately contract. CTS = counts. (B, 
C) TAC (B) and table (C) show 
abnormally increased gastric 
retention at both 2 and 4 hours.
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usually demonstrate activity throughout the small bowel in 
the central abdomen without significant radiotracer in the 
terminal ileum or colon. Quantitatively, this will be less than 
50% of the total activity in the TIR and cecum (Fig 12). Occa-
sionally, rapid small bowel transit is present. This is quanti-
fied as greater than or equal to 10% of activity in the cecum or 
beyond at the 1-hour time point (40).

It must be noted that an accurate assessment of small bow-
el transit is dependent on adequate gastric emptying. Fortu-
nately, even moderate delays do not significantly impact the 
small bowel assessment and, as long as the retention of the 
labeled liquid is less than 50% at 2 hours, a diagnostic evalua-
tion can be performed (40).

Colonic Transit
Geometric center normal values are 2.0–7.0 at 24 hours, 4.6–7.0 
at 48 hours, and 6.2–7.0 at 72 hours (37). Using the colon per-
centage emptying, normal values are 4% or greater (24 hours), 
41% or greater (48 hours), and 67% or greater (72 hours) (Fig 13) 
(34). Certain patterns of abnormal colonic retention can be used 
to further characterize the subtype of delayed transit, including:

1. Colonic inertia: 4.1 or less at both 48 and 72 hours with 
failure of the radiotracer to significantly progress beyond the 
splenic flexure (Fig 14);

2. Generalized colonic delay: 4.1 or less at 48 hours; and 4.1 
or more but 6.2 or less at 72 hours with a diffuse pattern of 
retained activity;

Figure 7. DGE due to antral dysfunction. 
(A) Paired anterior (ANT) and posterior 
(POST) images of the stomach at time zero, 
30 minutes, 1 hour, 2 hours, and 4 hours. The 
meal appropriately localizes in the fundus 
and then transitions distally. Once it reaches 
the antrum (arrow), it is delayed with too 
little reaching the small bowel. (B) TAC shows 
abnormally increased gastric retention of 22% 
at 4 hours. CTS = counts.
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3. Functional outlet obstruction: 4.1 or more at 48 hours; 
and 6.2 or less at 72 hours with the activity being retained in 
the rectum and sigmoid colon (Fig 15); and

4. Chronic diarrhea: 6.1 or more at 24 hours (35).

Esophageal Transit Scintigraphy: Brief Note
While performed infrequently, esophageal transit scintig-
raphy can be helpful in patients with scleroderma, achala-
sia, and esophageal strictures, particularly in individuals 
who do not tolerate endoscopy or manometry or when re-
sults of such examinations are inconclusive (66). Like other 
GIT scintigraphic examinations, it provides helpful phys-

iologic and quantitative information. Esophageal transit 
scintigraphy is performed with 15–30 mL of water labeled 
with 99mTc-SC or 99mTc-DTPA. Two metrics can be obtained: 
transit time and transit percentage. The transit time is the 
number of seconds it takes from the initial swallow for 90% 
of the activity to clear the esophagus, with less than 15 sec-
onds considered normal. Percentage transit is the number 
of counts at peak minus the number of counts 10 seconds 
after the peak divided by the peak counts, with 83% the low-
er limit of normal. For more information regarding esopha-
geal transit scintigraphy, the reader is directed to the article 
by Maurer (49).

Figure 8. Normal gastric empty-
ing but with an appearance highly 
suggestive of fundal dysfunction. 
(A) Paired anterior (ANT) and 
posterior (POST) images of the 
stomach at time zero, 30 minutes, 
1 hour, 2 hours, and 4 hours. The 
meal appropriately localizes in the 
fundus (arrows) initially due to 
fundal accommodation but then 
fails to transition distally because 
the fundus does not appropriately 
contract. (B) Despite the appear-
ance on images, the TAC shows 
normal gastric retention at both 2 
and 4 hours. CTS = counts.
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Figure 10. DGE due to fundal dys-
function. Liquid gastric emptying using 
0.5 mCi of 99mTc-SC. The majority of the 
labeled water remained abnormally 
pooled in the fundus (arrow) due to 
its failure to contract and provide a 
proximal to distal pressure gradient. 
Extrapolated half-emptying time (T1/2) 
was markedly elevated at 59 minutes 
(normal, <25 minutes). T = time.

Figure 9. Rapid gastric emptying due to 
impaired fundal accommodation. (A) Paired 
anterior (ANT) and posterior (POST) images of 
the stomach at time 0 minutes, 30 minutes, 1 
hour, 2 hours, and 4 hours. The meal bypasses 
the fundus (yellow arrowheads) and is near 
completely present in the body and antrum 
(red arrowheads) at 0 minutes. It then rapidly 
begins to empty with a large amount of the 
meal present in the small bowel by 1 hour 
(dashed ovals). (B) TAC shows normal reten-
tion at 30 minutes (77%) but below normal at 
1 hour (23%). CTS = counts.
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Figure 11. Anterior views of normal small 
bowel transit after a liquid 111In-DTPA meal. 
Early in the examination there is diffuse small 
bowel activity that subsequently accumulates 
in the TIR (oval). More than 60% of total activ-
ity is already in the TIR by 4 hours, followed 
by further progression into the cecum and 
ascending colon (arrow) at 5 hours. (Reprint-
ed, with permission, from reference 35.)

Figure 12. Anterior views of delayed small 
bowel transit after a liquid 111In-DTPA meal. 
Small bowel transit is delayed, with persistent 
diffuse activity within multiple proximal loops 
of small bowel and no activity in the TIR (ovals) 
by 6 hours and absence of activity in the cecum 
or ascending colon. (Adapted and reprinted, 
with permission, from reference 35.)

Pitfalls and Sources of Error
Several potential factors can impact the accuracy of GIT scin-
tigraphy and must be assessed for when interpreting each 
examination. Most commonly, these are related to failing 
to follow the standardized technique (using a nonstandard 
meal, failing to acquire anterior and posterior images, not 
applying decay correction, or not calculating the geometric 
mean). Patient-related factors include vomiting or gastro-
esophageal reflux, failing to eat a majority of the meal, or 
having recently eaten and/or taken interfering medications 
(Fig 16). Additionally, with solid GES, activity in the small 
bowel may occasionally overlap the gastric ROI, artifactually 
increasing the calculated percent retention (Fig 17). Final-
ly, these studies and normal values were derived from in-
dividuals with no gastrointestinal surgical history. It is not 
infrequent for individuals who have previously undergone 

Figure 13. Scintigraphic images show nor-
mal colonic transit using the percent emp-
tying technique developed by Antoniou et 
al (34). The 6-hour image (top left) is used as 
the baseline. At 24 hours (top right), there is 
65% emptying, and 95% at 48 hours (bottom 
left); 72-hour imaging was not necessary.
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a weight-loss–related surgery to be referred for GIT transit 
scintigraphy, and the validity of applying these normal val-
ues has not been well established.

Importance of Standardization
Despite the availability of practice parameters, societal guide-
lines, and consensus documents all providing clear and simi-
lar guidance regarding how these scintigraphic examinations 
should be properly performed, there is a surprising lack of 
standardization in clinical practice. Several studies have ex-
amined compliance around the most common examination, 
solid GES, and have showed similar poor adherence to all as-
pects of the recommended techniques (67,68). As mentioned 
previously, this failure to use the validated techniques is an 
avoidable source of error and precludes comparison across 
facilities, as well as reduces the validity of these studies by re-
ferring clinicians.

Conclusion
Accurate clinical assessment of patients presenting with symp-
toms of a GIT motility disorder is extremely difficult, despite it 
being a commonly encountered disease. Fortunately, GIT scin-
tigraphy provides a noninvasive means for evaluating transit of 
solids and liquids in a physiologic method that provides both 
qualitative and quantitative results. While various nuclear 
medicine procedures have long been available for diagnostic 
use, it is only in recent years that standardized approaches have 
been codified and endorsed by the major stakeholders. These 
include assessment of solid and liquid gastric emptying, small 
bowel transit, and colonic motility, with examinations able to 
be performed separately or in combination, depending on the 
clinical need. Widespread adoption of these standardized pro-
tocols, with strict adherence to the use of standardized meals, 
time points, and interpretation criteria, will further strengthen 
the utility of GIT scintigraphy for patients and providers alike.
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Figure 15. Colonic 
scintigraphic images 
show findings of func-
tional outlet obstruc-
tion. The geometric 
center is 4.1 or more at 
48 hours but 6.2 or less 
at 72 hours, with the ac-
tivity retained predom-
inantly in the rectum 
and sigmoid colon.
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Figure 16. Solid gastric emptying scintigraphic 
images in a patient with recurrent episodes of gas-
troesophageal reflux disease (arrows), which falsely 
decreases the calculated percentage retention at 
2 and 4 hours and hence overestimates antegrade 
gastric emptying. ANT = anterior, POST = posterior.

Figure 17. Solid gastric emptying scintigraphic images with portions of the radiolabeled meal (arrow) in the 
large (A) and small (B) bowel overlapping the gastric ROI, artifactually increasing the calculated percentage 
retention at 4 hours. The serpiginous nature of the activity is a clue to this potential source of error. If the mea-
sured retention at 4 hours is greater than 10%, then the interpreter must make a qualitative assessment of gastric 
emptying. ANT = anterior, POST = posterior.



June 2024 Banks et al

Volume 44 Number 6  18 radiographics.rsna.org

Carolina, Charleston, SC (M.M., S.E.); Department of Radiology, Vanderbilt Uni-
versity Medical Center, Nashville, Tenn (N.S.); Department of Radiology, Uni-
versity of Washington School of Medicine, Seattle, WA (S.K.M.); Department of 
Radiology, Mayo Clinic, Rochester, Minn (S.S.W.); and Department of Radiology 
and Radiological Science, Johns Hopkins University School of Medicine, Balti-
more, Md (L.B.S., S.S.). Presented as an education exhibit at the 2022 RSNA An-
nual Meeting. Received June 25, 2023; revision requested July 28 and received 
August 25; accepted October 10. Address correspondence to K.P.B. (email:  
kpbanks@gmail.com).

Disclosures of conflicts of interest.—M.M. Editor of RSNA Case Collection until 
June 2023. S.S.W. Book royalties from Elsevier; consulting fees from Bracco.  
L.B.S. Research support from Novartis, Lantheus, Precision Molecular Imaging; 
textbook royalies from Elsevier; participation on a data safety monitoring board 
or advisory board for Lantheus. All other authors, the editor, and the reviewers 
have disclosed no relevant relationships.

References
1. Sperber AD, Bangdiwala SI, Drossman DA, et al. Worldwide Prevalence 

and Burden of Functional Gastrointestinal Disorders, Results of Rome 
Foundation Global Study. Gastroenterology 2021;160(1):99–114.e3.

2. Almario CV, Ballal ML, Chey WD, Nordstrom C, Khanna D, Spiegel BMR. 
Burden of Gastrointestinal Symptoms in the United States: Results of a 
Nationally Representative Survey of Over 71,000 Americans. Am J Gas-
troenterol 2018;113(11):1701–1710.

3. Everhart JE, Ruhl CE. Burden of digestive diseases in the United States 
part I: overall and upper gastrointestinal diseases. Gastroenterology 
2009;136(2):376–386.

4. Peery AF, Crockett SD, Murphy CC, et al. Burden and Cost of Gastroin-
testinal, Liver, and Pancreatic Diseases in the United States: Update 2018. 
Gastroenterology 2019;156(1):254–272.e11 [Published correction appears 
in Gastroenterology 2019;156(6):1936.].

5. Drossman DA. Functional Gastrointestinal Disorders: History, Patho-
physiology, Clinical Features and Rome IV. Gastroenterology 2016;Feb 
19:S0016-5085(16)00223-7. 

6. Black CJ, Drossman DA, Talley NJ, Ruddy J, Ford AC. Functional gastroin-
testinal disorders: advances in understanding and management. Lancet 
2020;396(10263):1664–1674.

7. Rao SS, Kuo B, McCallum RW, et al. Investigation of colonic and whole-gut 
transit with wireless motility capsule and radiopaque markers in consti-
pation. Clin Gastroenterol Hepatol 2009;7(5):537–544.

8. Szarka LA, Camilleri M, Vella A, et al. A stable isotope breath test with a 
standard meal for abnormal gastric emptying of solids in the clinic and in 
research. Clin Gastroenterol Hepatol 2008;6(6):635–643.e1.

9. Choi MG, Camilleri M, Burton DD, Zinsmeister AR, Forstrom LA, Nair 
KS. [13C]octanoic acid breath test for gastric emptying of solids: accura-
cy, reproducibility, and comparison with scintigraphy. Gastroenterology 
1997;112(4):1155–1162.

10. Lee JS, Camilleri M, Zinsmeister AR, et al. Toward office-based mea-
surement of gastric emptying in symptomatic diabetics using [13C]
octanoic acid breath test. Am J Gastroenterol 2000;95(10):2751–2761.

11. Saad RJ, Hasler WL. A technical review and clinical assessment of the 
wireless motility capsule. Gastroenterol Hepatol (N Y) 2011;7(12):795–804.

12. Chaussade S, Khyari A, Roche H, et al. Determination of total and seg-
mental colonic transit time in constipated patients. Results in 91 pa-
tients with a new simplified method. Dig Dis Sci 1989;34(8):1168–1172.

13. Southwell BR, Clarke MCC, Sutcliffe J, Hutson JM. Colonic transit stud-
ies: normal values for adults and children with comparison of radiologi-
cal and scintigraphic methods. Pediatr Surg Int 2009;25(7):559–572.

14. Arhan P, Devroede G, Jehannin B, et al. Segmental colonic transit time. 
Dis Colon Rectum 1981;24(8):625–629.

15. Lin HC, Prather C, Fisher RS, et al; AMS Task Force Committee on Gas-
trointestinal Transit. Measurement of gastrointestinal transit. Dig Dis 
Sci 2005;50(6):989–1004.

16. Knight LC. Update on gastrointestinal radiopharmaceuticals and do-
simetry estimates. Semin Nucl Med 2012;42(2):138–144.

17. Cassilly D, Kantor S, Knight LC, et al. Gastric emptying of a non-digest-
ible solid: assessment with simultaneous SmartPill pH and pressure 
capsule, antroduodenal manometry, gastric emptying scintigraphy. 
Neurogastroenterol Motil 2008;20(4):311–319.

18. Cuomo R, Sarnelli G, Grasso R, et al. Functional dyspepsia symptoms, 
gastric emptying and satiety provocative test: analysis of relation-
ships. Scand J Gastroenterol 2001;36(10):1030–1036.

19. Soykan I, Sivri B, Sarosiek I, Kiernan B, McCallum RW. Demography, 
clinical characteristics, psychological and abuse profiles, treatment, 
and long-term follow-up of patients with gastroparesis. Dig Dis Sci 
1998;43(11):2398–2404.

20. Bashashati M, McCallum RW. Is Interstitial Cells of Cajal‒opathy Present 
in Gastroparesis? J Neurogastroenterol Motil 2015;21(4):486–493.

21. Soliman H, Coffin B, Gourcerol G. Gastroparesis in Parkinson Disease: 
Pathophysiology, and Clinical Management. Brain Sci 2021;11(7):831.

22. Mehr SE, Barbul A, Shibao CA. Gastrointestinal symptoms in pos-
tural tachycardia syndrome: a systematic review. Clin Auton Res 
2018;28(4):411–421.

23. Salameh JR, Schmieg RE Jr, Runnels JM, Abell TL. Refractory gastropa-
resis after Roux-en-Y gastric bypass: surgical treatment with implant-
able pacemaker. J Gastrointest Surg 2007;11(12):1669–1672.

24. Goyal RK, Cristofaro V, Sullivan MP. Rapid gastric emptying in diabetes 
mellitus: Pathophysiology and clinical importance. J Diabetes Compli-
cations 2019;33(11):107414.

25. Platovsky A, Tokayer A. Rapid gastric emptying: an alternative cause 
of functional dyspepsia: 1518. American College of Gastroenterology, 
2014; S446.

26. Cooper CJ, Said S, Bizet J, Alkahateeb H, Sarosiek I, McCallum RW. Rapid 
or normal gastric emptying as new supportive criteria for diagnosing cy-
clic vomiting syndrome in adults. Med Sci Monit 2014;20:1491–1495.

27. Hejazi R, Saridena P, Lavenbarg T, McCallum R. Gastric emptying in cyclic 
vomiting syndrome in adults. Am J Gastroenterol 2008;103:S475.

28. Fass R, McCallum RW, Parkman HP. Treatment Challenges in the Man-
agement of Gastroparesis-Related GERD. Gastroenterol Hepatol (N Y) 
2009;5(10 suppl 18):4–16.

29. Okuyama H, Urao M, Starr GA, Drongowski RA, Coran AG, Hirschl RB. A 
comparison of the efficacy of pyloromyotomy and pyloroplasty in patients 
with gastroesophageal reflux and delayed gastric emptying. J Pediatr Surg 
1997;32(2):316–320.

30. Maurer AH, Abell T, Bennett P, et al. Appropriate Use Criteria for Gastroin-
testinal Transit Scintigraphy. J Nucl Med 2020;61(3):11N–17N.

31. Camilleri M, Atieh J. New Developments in Prokinetic Therapy for Gastric 
Motility Disorders. Front Pharmacol 2021;12:711500.

32. Ziessman HA, Okolo PI, Mullin GE, Chander A. Liquid gastric emptying 
is often abnormal when solid emptying is normal. J Clin Gastroenterol 
2009;43(7):639–643.

33. Bonapace ES, Maurer AH, Davidoff S, Krevsky B, Fisher RS, Parkman 
HP. Whole gut transit scintigraphy in the clinical evaluation of patients 
with upper and lower gastrointestinal symptoms. Am J Gastroenterol 
2000;95(10):2838–2847.

34. Antoniou AJ, Raja S, El-Khouli R, et al. Comprehensive radionuclide 
esophagogastrointestinal transit study: methodology, reference values, 
and initial clinical experience. J Nucl Med 2015;56(5):721–727.

35. Maurer AH. Gastrointestinal Motility, Part 2: Small-Bowel and Colon 
Transit. J Nucl Med 2015;56(9):1395–1400.

36. ACR-ACNM-SNMMI-SPR practice parameter for the performance of 
gastrointestinal tract, hepatic, and splenic scintigraphy. American 
College of Radiology (ACR), American College of Nuclear Medicine 
(ACNM), Society of Nuclear Medicine and Molecular Imaging (SN-
MMI), Society for Pediatric Radiology (SPR). https://www.acr.org/-/
media/ACR/Files/Practice-Parameters/GI-Scint.pdf. Updated 2020. 
Accessed April 14, 2023.

37. Abell TL, Camilleri M, Donohoe K, et al; American Neurogastroenterolo-
gy and Motility Society and the Society of Nuclear Medicine. Consensus 
recommendations for gastric emptying scintigraphy: a joint report of the 
American Neurogastroenterology and Motility Society and the Society of 
Nuclear Medicine. J Nucl Med Technol 2008;36(1):44–54.

38. Maselli DB, Camilleri M. Effects of GLP-1 and Its Analogs on Gas-
tric Physiology in Diabetes Mellitus and Obesity. Adv Exp Med Biol 
2021;1307:171–192.

39. Aviello G, Romano B, Izzo AA. Cannabinoids and gastrointestinal 
motility: animal and human studies. Eur Rev Med Pharmacol Sci 
2008;12(suppl 1):81–93.

40. Maurer AH, Camilleri M, Donohoe K, et al. The SNMMI and EANM 
practice guideline for small-bowel and colon transit 1.0. J Nucl Med 
2013;54(11):2004–2013 [Published correction appears in J Nucl Med 
2018;59(4):710.]

41. Tougas G, Eaker EY, Abell TL, et al. Assessment of gastric emptying using 
a low fat meal: establishment of international control values. Am J Gastro-
enterol 2000;95(6):1456–1462.

42. Donohoe KJ, Maurer AH, Ziessman HA, et al; American Neurogastroen-
terology and Motility Society. Procedure guideline for adult solid-meal 
gastric-emptying study 3.0. J Nucl Med Technol 2009;37(3):196–200.

43. Jehangir A, Parkman HP. Cannabinoid Use in Patients With Gastropare-
sis and Related Disorders: Prevalence and Benefit. Am J Gastroenterol 
2019;114(6):945–953.

44. Fraser RJ, Horowitz M, Maddox AF, Harding PE, Chatterton BE, Dent J. Hy-
perglycaemia slows gastric emptying in type 1 (insulin-dependent) diabe-
tes mellitus. Diabetologia 1990;33(11):675–680.



June 2024 Banks et al

Volume 44 Number 6  19 radiographics.rsna.org

45. Farrell MB. Gastric Emptying Scintigraphy. J Nucl Med Technol 
2019;47(2):111–119.

46. Plummer MP, Jones KL, Cousins CE, et al. Hyperglycemia potentiates the 
slowing of gastric emptying induced by exogenous GLP-1. Diabetes Care 
2015;38(6):1123–1129.

47. Gunther R, et al. Universal assessment of fasting blood glucose for pa-
tients undergoing gastric emptying scintigraphy. JNMT 2024 [preprint]).

48. Knight LC, Kantor S, Doma S, Parkman HP, Maurer AH. Egg labeling 
methods for gastric emptying scintigraphy are not equivalent in produc-
ing a stable solid meal. J Nucl Med 2007;48(11):1897–1900.

49. Maurer AH. Gastrointestinal Motility, Part 1: Esophageal Transit and Gas-
tric Emptying. J Nucl Med 2015;56(8):1229–1238.

50. Shah H, Sundar R, Prado DEA, et al. Standard Adult Gastric Emptying 
Scintigraphy Criteria Is Applicable for Partial Meal Ingestion. Dig Dis Sci 
2023;68(2):541–553.

51. Maurer AH, Knight LC, Charkes ND, et al. Comparison of left an-
terior oblique and geometric mean gastric emptying. J Nucl Med 
1991;32(11):2176–2180.

52. Camilleri M, Zinsmeister AR, Greydanus MP, Brown ML, Proano M. To-
wards a less costly but accurate test of gastric emptying and small bowel 
transit. Dig Dis Sci 1991;36(5):609–615.

53. Guo JP, Maurer AH, Fisher RS, Parkman HP. Extending gastric emptying 
scintigraphy from two to four hours detects more patients with gastropa-
resis. Dig Dis Sci 2001;46(1):24–29.

54. Ziessman HA, Bonta DV, Goetze S, Ravich WJ. Experience with a sim-
plified, standardized 4-hour gastric-emptying protocol. J Nucl Med 
2007;48(4):568–572.

55. Ziessman HA, Chander A, Clarke JO, Ramos A, Wahl RL. The added di-
agnostic value of liquid gastric emptying compared with solid emptying 
alone. J Nucl Med 2009;50(5):726–731.

56. Selby A, Yeung HM, Yu D, et al. The Utility of Adding a Liquid-Nutrient 
Meal to Aid Interpretation of Small-Bowel Transit Scintigraphy. J Nucl 
Med Technol 2021;49(2):132–137.

57. Maurer AH, Krevsky B. Whole-gut transit scintigraphy in the eval-
uation of small-bowel and colon transit disorders. Semin Nucl Med 
1995;25(4):326–338.

58. Read NW, Al-Janabi MN, Holgate AM, Barber DC, Edwards CA. Simul-
taneous measurement of gastric emptying, small bowel residence and 
colonic filling of a solid meal by the use of the gamma camera. Gut 
1986;27(3):300–308.

59. Maurer AH, Parupalli R, Orthey P, Parkman HP. Validation of a Sin-
gle-Time-Point Measurement of Total Abdominal Counts to Sim-
plify Small Bowel and Colon Transit Analyses. J Nucl Med Technol 
2016;44(4):239–242.

60. Infante JR, et al. Gastrointestinal transit scintigraphy in a case of syringo-
myelia. Indian J Nucl Med. 2019;34 (4);347–348.

61. Abell TL, Starkebaum W, Abidi N, et al. How common is rapid gastric emp-
tying in gastroparesis. Gastroenterology 2006;130(suppl 2):A244–A245.

62. Solnes LB, Sheikhbahaei S, Ziessman HA. Nuclear Scintigraphy in Prac-
tice: Gastrointestinal Motility. AJR Am J Roentgenol 2018;211(2):260–266.

63. Bennink RJ, van den Elzen BD, Kuiken SD, Boeckxstaens GE. Noninva-
sive measurement of gastric accommodation by means of pertechnetate 
SPECT: limiting radiation dose without losing image quality. J Nucl Med 
2004;45(1):147–152.

64. Orthey P, Yu D, Van Natta ML, et al; NIH Gastroparesis Consortium. In-
tragastric Meal Distribution During Gastric Emptying Scintigraphy for 
Assessment of Fundic Accommodation: Correlation with Symptoms of 
Gastroparesis. J Nucl Med 2018;59(4):691–697.

65. Tomita T, Okugawa T, Yamasaki T, et al. Use of scintigraphy to evaluate 
gastric accommodation and emptying: comparison with barostat. J Gas-
troenterol Hepatol 2013;28(1):106–111.

66. Klein HA. Esophageal transit scintigraphy. Semin Nucl Med 1995; 
25(4):306–317.

67. Tafti D, Farrell MB, Dearborn C, Banks KP. Reexamining Compliance with 
Gastric Emptying Scintigraphy Guidelines: An Updated Analysis of the 
Intersocietal Accreditation Commission Database. J Nucl Med Technol 
2023. 10.2967/jnmt.123.265496. Published online June 14, 2023.

68. Wise JL, Vazquez-Roque MI, McKinney CJ, Zickella MA, Crowell MD, Lacy 
BE. Gastric Emptying Scans: Poor Adherence to National Guidelines. Dig 
Dis Sci 2021;66(9):2897–2906.


