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EXECUTIVE SUMMARY

The appropriate use of scintigraphy for studying gastrointestinal
(GI) motility requires not only an understanding of the normal physi-
ology and pathophysiology of the various disorders that can affect the
GI tract, but also an understanding of the numerous methods and asso-
ciated technical details of the current clinically available modalities for
studying GI motility. Developing recommendations on the appropriate
use of GI transit scintigraphy requires input from experts in the fields
of nuclear medicine, radiology, and gastroenterology. This document
has therefore been prepared with input from representatives with this
expertise from various professional societies (Appendix A). These ex-
perts reviewed the current literature with the methodology described
below and established appropriateness ratings for a wide range of clin-
ical scenarios experienced by patients who have symptoms associated
with suspected abnormal GI function. The appropriate use criteria
(AUC) delineated in this report are intended to assist referring medical
practitioners in the diagnosis and management of patients with symp-
toms thought to arise from altered GI motility in the esophagus, stom-
ach, small bowel, and colon.

INTRODUCTION

Direct measurement of GI motility is classically performed by a gas-
troenterologist by placing a tube or catheter-based probe within the GI
tract to directly measure pressure changes within a lumen, electrical
signals, or pH. Recently, less invasive wireless motility capsules have
been introduced (1,2). The advantages of scintigraphy for studying GI
motility still remain valid despite the long time that has elapsed since
the first application of a radiolabeled meal to measure gastric emptying
(GE). Scintigraphy is noninvasive, does not disturb normal physiol-
ogy, and can provide accurate quantification of the bulk transit of an
orally administered radiolabeled solid or liquid meal. Compared with
radiographic methods, scintigraphy involves low radiation exposure of
the patient, is quantifiable, and uses commonly ingested foods rather
than barium or nonphysiological radiopaque markers.

Gastroenterologists and primary care physicians are often faced with
a wide range of symptoms in a patient, including early satiety, pain,
nausea, vomiting, bloating, diarrhea, constipation, or difficulty passing
a bowel movement. GI symptoms in patients often overlap and may or
may not be associated with meal ingestion. It is difficult to assess
whether a patient’s symptoms are due to an underlying structural pa-
thology or are functional. The authors of this AUC document recog-
nize that management of these patients is complex and the decision to
perform any diagnostic study must take into consideration the entire
patient presentation. The recommendations in this document do not
preclude the use of other testing. Referring health care providers
should always consider the patient history, physical findings, and re-
sults of previously acquired tests before using GI scintigraphy studies.
This AUC document is presented to assist health care practitioners in
the appropriate use of GI scintigraphy in evaluating patients with GI
tract symptoms. It is not intended to replace good clinical judgment.

As scintigraphy does not provide detailed anatomic images of the
GI tract, it is particularly important to make sure an anatomic cause for
the patient’s symptoms has been excluded before assuming that the
patient has a nonstructural primary motility disorder. This is typically
performed by using radiographic imaging or endoscopic methods.

In reviewing the literature on GI transit scintigraphy, it is apparent
that although some studies such as GE and esophageal transit have
been available for over 50 y, the use of scintigraphy to image and quan-
tify GI motility continues to undergo modernization and advancement.
Methods such as esophageal transit scintigraphy (ETS) that were es-
tablished many years ago have been replaced in many centers by more
advanced manometric techniques, although they remain in limited use
in select institutions where there is clinical expertise that is often not
available in other institutions. GE studies continue to evolve with ad-
vances that permit simultaneous measurement of other indices of gas-
tric motility such as accommodation and antral contractions (3—5). Be-
cause of such advancements, this AUC report may need to be updated
as newer and more specialized techniques are developed.

As with many imaging studies, few multicenter studies have exam-
ined clinical outcomes. Our appropriateness ratings are influenced by
the clinical experience of the expert panel, which included both imag-
ing specialists and gastroenterologists who perform, order, and use
these studies in the diagnosis and management of patients with a wide
range of GI symptoms.

These AUC recommendations are intended to apply primarily to
adults. Because no well-defined normal values for radiolabeled meals
have been established in children (due to concerns about radiation ex-
posure of children involved in research) and because established GI
transit protocols require development of normal values, this committee
felt that pooled data on normal values in children in the literature were
insufficient to confirm the validity of GI transit studies in children.
Many sites have, however, developed institutional experience that may
be used to validate their local study procedures.

This document may also be useful for nuclear medicine physicians,
radiologists, and technologists, as well as for developers of clinical de-
cision support (CDS) tools as guidance in validating requests for im-
aging patients with GI tract symptoms. Radiology benefit managers
and other third-party payers may also use these AUC. It is our intention
that the AUC be used to help ensure the appropriate ordering of GI
motility scintigraphic testing in patients with GI symptoms who lack
appropriate diagnosis and treatment.

METHODOLOGY

Expert Workgroup Selection

The experts of the AUC workgroup were convened by the Society
of Nuclear Medicine and Molecular Imaging (SNMMI) to represent a
multidisciplinary panel of health care providers to determine the ap-
propriate use of scintigraphy for studying GI motility. In addition to
nuclear medicine physicians representing the SNMMI, physicians
from the American College of Physicians (ACP), the American Gas-
troenterological Association (AGA), and the American College of
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Nuclear Medicine (ACNM) were included in the workgroup. Twelve
physicians were ultimately selected as content experts to participate
and contribute to the resulting AUC. A complete list of workgroup par-
ticipants and external reviewers can be found in Appendix A. Appen-
dix B is a summary of definitions of terms and acronyms, Appendix C
provides the disclosures and conflict of interest (COI) statements, and
Appendix D describes the solicitation of public commentary.

AUC Development

The process for AUC development was modeled after the
RAND/University of California, Los Angeles (UCLA) Appropriate-
ness Method (6,7) and included the development of a list of common
indications for the use of scintigraphy for studying GI motility, a sys-
tematic review of evidence related to these indications, and the devel-
opment of an appropriateness score for each indication by using a mod-
ified Delphi process. This process strove to adhere to the standards of
the Institute of Medicine of the National Academies for developing
trustworthy clinical guidance (8).

Scope and Development of Clinical Indications

To begin this process, the workgroup discussed various potential
clinical indications for the use of scintigraphy for studying GI motility.
For all indications, the relevant patients were the populations of inter-
est for esophageal transit, GE, small-bowel transit, and colon transit of
all genders, ages, races, and geographic locations.

The workgroup identified 42 clinical indications for the use of scin-
tigraphy for studying GI motility. The indications are intended to be as
representative of the relevant patient population as possible for devel-
opment of AUC. The resulting AUC are based on evidence and expert
opinion regarding diagnostic accuracy and effects on clinical outcomes
and clinical decision making as applied to each indication. Other fac-
tors affecting the AUC recommendations were potential harm— in-
cluding long-term harm that may be difficult to capture—costs, avail-
ability, and patient preferences.

Systematic Review

To inform the workgroup, a systematic review of the relevant evi-
dence was commissioned by an independent group, the Pacific North-
west Evidence-Based Practice Center of Oregon Health and Science
University (9). The primary purpose of the systematic review was to
synthesize the evidence on the accuracy of ETS for diagnosing esoph-
ageal dysmotility, gastroesophageal reflux disease (GERD), and pul-
monary aspiration; the proportion of patients undergoing scintigraphy
who meet criteria for abnormal (delayed or rapid) gastric, small-bowel,
or colon transit; and the effects of GI transit scintigraphy on clinical
decision making (i.e., use of therapies, additional testing). The
workgroup selected the following key questions to guide the review.

Esophageal transit scintigraphy (ETS)

1. In adults undergoing evaluation of dysphagia, what is the accuracy
of ETS versus esophageal manometry for diagnosis of esophageal
dysmotility?

2. In adults undergoing evaluation for potential GERD, what is the
accuracy of ETS versus 24-h pH monitor, esophageal manometry,
barium contrast radiography, and/or endoscopy for diagnosis of
GERD?

3. In adults undergoing evaluation for potential pulmonary aspiration,
what is the accuracy of ETS versus modified barium swallow
(video fluoroscopic swallow study) for diagnosis of pulmonary as-
piration?

4. In adults undergoing evaluation of (a) dysphagia, (b) GERD, or (c)
pulmonary aspiration, what is the impact of ETS versus no scintig-
raphy on clinical decision making (use of therapies, additional test-
ing)?

5. In adults who have undergone treatment (pharmacological thera-
pies, gastric stimulator, balloon dilatation) for dysphagia, GERD,
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or pulmonary aspiration, what is the impact of ETS versus no scin-
tigraphy on clinical decision making (use of therapies, additional
testing)?

Gastric emptying scintigraphy (GES)

1. In adults with suspected gastric dysmotility disorder who undergo
GES, what proportion are diagnosed with abnormal (delayed or
rapid) GE?

2. In adults with suspected gastric dysmotility disorder who undergo
GES, what is the effect on clinical decision making?

3. In adults who have undergone treatment (pharmacological thera-
pies, gastric stimulator, balloon dilatation) for delayed GE, what is
the impact of GES versus no scintigraphy on clinical decision mak-
ing (use of therapies, additional testing)?

Small-bowel transit scintigraphy

1. In adults with suspected small-bowel dysmotility who undergo
small-bowel transit scintigraphy, what proportion are diagnosed
with abnormal small-bowel transit?

2. In adults with suspected small-bowel dysmotility who undergo
small-bowel transit scintigraphy, what is the effect on clinical de-
cision making?

Colon transit scintigraphy

1. In adults with symptoms of constipation who undergo colon transit
scintigraphy, what proportion are diagnosed with delayed colonic
transit?

2. In adults with symptoms of constipation who undergo colon transit
scintigraphy, what is the effect on clinical decision making?

The inclusion and exclusion criteria for papers for this review were
based on the study parameters established by the workgroup, using the
PICOTS (population, intervention, comparisons, outcomes, timing,
and setting) approach. The studies included in the review were of pa-
tients undergoing esophageal transit in which the diagnostic accuracy
for esophageal dysmotility, GERD, or pulmonary aspiration was eval-
uated against a reference standard as prespecified in the questions, as
well as studies (imaging series) of GE, small-bowel transit, or colon
transit scintigraphy that reported the proportion of patients with abnor-
mal (delayed or rapid) emptying. The review also included studies that
reported effects of GI transit scintigraphy on clinical decision making
(use of therapies, subsequent testing). Non-English language articles
and studies published only as conference abstracts were excluded.

Searches for relevant studies and systematic reviews were con-
ducted in the following databases: Cochrane Central Register of Con-
trolled Trials, Cochrane Database of Systematic Reviews, and Ovid
MEDLINE (through January 2018). These searches were supple-
mented by reviewing the reference lists of relevant publications.

Two investigators independently assessed the quality (risk of bias)
of each study as “good,” “fair,” or “poor” by using predefined criteria
that were specific for each study design. The criteria from QUADAS-
2 (Quality Assessment of Diagnostic Accuracy Studies-2) (10) was
adapted for studies of diagnostic accuracy. For studies reporting the
proportion of patients meeting criteria for abnormal GI transit in im-
aging series, QUADAS-2 was modified by excluding criteria that ad-
dressed use of a reference standard. Discrepancies were resolved
through a consensus process. The strength of overall evidence was
graded as high, moderate, low, or very low by using GRADE (Grading
of Recommendations Assessment, Development and Evaluation)
methods on the basis of quality of evidence, consistency, directness,
precision, and reporting bias.

Database searches resulted in 2128 potentially relevant articles. Af-
ter dual review of abstracts and titles, 340 articles were selected for
full-text dual review and 72 studies were determined to meet inclusion
criteria and were included in this review. Fifteen studies evaluated di-
agnostic accuracy of ETS against a reference standard of esophageal
manometry, pH monitoring, and/or endoscopy (including biopsy



findings); 56 studies reported the proportion of patients who met crite-
ria for abnormal GI transit scintigraphy (GES, small-bowel scintigra-
phy, or colon scintigraphy); and 4 studies reported eftects of GI transit
scintigraphy studies on clinical decision making.

Rating and Scoring Process

In developing these AUC for GI motility, the workgroup members
used the following definition of appropriateness to guide their consid-
erations and group discussions: “The concept of appropriateness, as
applied to health care, balances risk and benefit of a treatment, test, or
procedure in the context of available resources for an individual patient
with specific characteristics” (11).

At the beginning of the process, workgroup members convened via
webinar to develop the initial clinical indications. On evaluating the
evidence summary of the systematic literature review, the workgroup
further refined its draft clinical indications to ensure their accuracy and
facilitate consistent interpretation when scoring each indication for ap-
propriateness. Using the evidence summary, workgroup members
were first asked individually to assess the appropriateness and provide
a score for each of the identified indications. Workgroup members then
convened in a group setting for several successive webinars to discuss
each indication and associated scores from the first round of individual
scoring. After deliberate discussion, a consensus score was determined
and then assigned to the associated appropriate use indication. For this
scoring round, the expert panel was encouraged to include their clinical
expertise in addition to the available evidence in determining the final
scores. All members contributed to the final discussion, and no one
was forced into consensus. After the rating process was completed, the
final appropriate use ratings were summarized in a format similar to
that outlined by the RAND/UCLA Appropriateness Method.

The workgroup scored each indication as “appropriate,” “may be
appropriate,” or “rarely appropriate” on a scale from 1 to 9. Scores 7—
9 indicate that the use of the procedure is appropriate for the specific
clinical indication and is generally considered acceptable. Scores 4-6
indicate that the use of the procedure may be appropriate for the spe-
cific indication. This implies that more research is needed to classify
the indication definitively. Scores 1-3 indicate that the use of the pro-
cedure is rarely appropriate for the specific indication and generally is
not considered acceptable.

As stated by other societies that develop AUC, the division of these
scores into 3 general levels of appropriateness is partially arbitrary, and
the numeric designations should be viewed as a continuum. In addi-
tion, if there was a difference in clinical opinion for an indication such
that workgroup members could not agree on a common score, that

indication was given a “may be appropriate” rating to indicate a lack
of agreement on appropriateness on the basis of available literature and
the members’ collective clinical opinion, indicating the need for addi-
tional research.

ESOPHAGEAL TRANSIT SCINTIGRAPHY (ETS)

Introduction/Background

There are several tests of esophageal motor function. The decision
about which diagnostic study to use for esophageal dysmotility de-
pends on the patient’s symptoms. If dysphagia is present, a barium
swallow or endoscopy is usually performed first to exclude an ana-
tomic lesion. Manometry is considered the gold standard for diagno-
sis of primary esophageal motility disorders, including achalasia,
scleroderma, diffuse esophageal spasm (DES), impaired lower
esophageal sphincter (LES) relaxation, hypertensive LES, and non-
specific esophageal motility disorders. Manometry, however, has
limitations: It provides only an indirect measure of peristalsis, as the
pressure waves recorded do not always correlate with the aboral
forces applied to a solid or liquid bolus in the esophagus; the pres-
ence of a manometric tube itself may affect normal physiology; and
quantification of the volume of retained solids or liquids in the
esophagus is not possible.

Early scintigraphy studies of esophageal transit demonstrated a high
sensitivity for detecting a wide range of esophageal motility disorders
but a low sensitivity for disorders with intact peristalsis but high-am-
plitude contractions or isolated elevated pressures in the LES (712,13).
The use of manometry potentially supplemented by ETS for equivocal
manometry results will, in large part, be determined by local expertise
and availability.

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of nuclear medicine and final AUC
scores in esophageal transit are presented in Table 1.

Scenario 1: Dysphagia (e.g., symptoms of achalasia, scleroderma,
DES, hypertensive LES, nonspecific motility disorder, esophageal out-
flow obstruction) (Score 7 — Appropriate). The use of ETS for evalu-
ation of dysphagia is typically limited to when results of barium swal-
low, endoscopy, and manometry are nondiagnostic or equivocal. It has
been shown that as many as 50% of patients with dysphagia and nor-
mal manometry and barium studies demonstrate esophageal dysmotil-
ity on scintigraphy (74). From the systematic review of the literature,
the sensitivity of ETS ranged from 44% to 95% and the specificity
ranged from 47% to 96% (14—20). Obtaining an ETS for the evaluation

TABLE 1
Clinical Scenarios for Esophageal Transit (Often Performed with GER Studies)
Scenario no. Description Appropriateness Score
1 Dysphagia (e.g., symptoms of achalasia, scleroderma, Appropriate 7
DES, hypertensive LES, nonspecific motility disorder,
esophageal outflow obstruction)
2 Quantification of response to therapy (treatment for Appropriate 7
achalasia)
Aspiration May be appropriate
4 Rumination May be appropriate
Gastroesophageal reflux (e.g., symptoms of liquid or May be appropriate
solid regurgitation, heartburn)
6 Pre- and post-fundoplication May be appropriate 5
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of dysphagia was considered appropriate by unanimous agreement of
the panel.

Scenario 2: Quantification of response to therapy (treatment for
achalasia) (Score 7 — Appropriate). Response to treatment of esopha-
geal disorders, such as achalasia, is often assessed by improvement in
symptoms. Improvement in esophageal transit and emptying may also
be helpful. Although few studies were found that use ETS to quantitate
the response to therapy for esophageal motility disorders such as acha-
lasia, the expert panel considered by unanimous agreement that ETS is
appropriate when there is a need to objectively quantitate the response
to some therapies (14,21).

Scenario 3: Aspiration (Score 4 — May be Appropriate). A limited
number of studies have evaluated the accuracy of ETS compared with
that of a modified barium swallow as the reference standard to detect
aspiration (22). From the systematic review of the literature, the sensi-
tivity of ETS ranged from 65% to 88% and the specificity from 62%
to 95% (15). One study of patients with known pulmonary aspiration
who underwent ETS found that 89% had reduced liquid diet re-
strictions following scintigraphy (23). There was unanimous agree-
ment of the panel that ETS may be appropriate in the evaluation of
patients with suspected pulmonary aspiration.

Scenario 4: Rumination (Score 4 — May be Appropriate). Rumina-
tion is an eating disorder in which a person brings up food that has
already been swallowed and partially digested. No studies were found
from the systematic review for assessing ETS for the evaluation of ru-
mination. However, on the basis of their clinical experience, the panel
considered this indication as may be appropriate by unanimous agree-
ment.

Scenario 5: Gastroesophageal reflux (GER) (e.g., symptoms of lig-
uid or solid regurgitation, heartburn) (Score 5 — May be Appropriate).
Currently, esophageal pH probe monitoring is the gold standard used
to confirm the presence of GER by using either a nasally based catheter
or a pH capsule attached to the esophagus. The systematic review of
the literature revealed that the sensitivity of ETS ranged from 43% to
90% and the specificity ranged from 64% to 100% (19,22,24,25). The
expert panel considered by unanimous agreement that ETS may be ap-
propriate in the assessment of patients with GER.

Scenario 6: Pre- and post-fundoplication (Score 5 — May be Appro-
priate). One study in the systematic review evaluated findings follow-
ing fundoplication (26). The panel considered by unanimous agree-
ment that the use of ETS may be appropriate in assessing patients fol-
lowing fundoplication.

Summary of Recommendations

Esophageal manometry, barium swallow radiography, and pH mon-
itoring are typically used for first-line evaluation of patients with sus-
pected esophageal dysmotility and GER. Use of ETS is limited by the
availability of local expertise with experience in the methodology, but
when available, such expertise is most commonly used when there are
equivocal or nondiagnostic findings from first-line studies.

GE OF SOLIDS (SOLID NUTRIENT OR EQUIVALENT)

Introduction/Background

GE studies are usually ordered to confirm or exclude whether gas-
troparesis (delayed GE) is a cause of the patient’s symptoms. Gastro-
paresis is usually associated with upper GI symptoms, which include
nausea (92% of patients), vomiting (84%), abdominal fullness or dis-
tention (75%), and early satiety (60%) (27). Etiologies for gastropare-
sis include diabetes; postgastric surgical conditions; infections (espe-
cially postviral); neuromuscular, autoimmune, and connective tissue
diseases; and idiopathic disease.

Patients often do not have well-defined GI symptoms and present
with concerns about dyspepsia (symptoms of any pain or discomfort
thought to originate in the upper GI tract). The goal of diagnosing
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delayed GE is to identify patients who will benefit from a prokinetic
drug or other treatment to alleviate symptoms. A GE study is indicated
for patients with suspected gastroparesis or dyspepsia after an ana-
tomic cause for symptoms has been excluded. A GE study may also be
indicated in the absence of dyspeptic symptoms, such as those with
severe GERD not responding to acid suppressants (to see whether de-
layed GE contributes to reflux), those requiring a workup to identify a
diffuse GI motility disorder, and those who are diabetic and have poor
glycemic control. GE studies can also be used to assess patients for
dumping syndrome, in which GE is rapid. Classically, this occurs after
surgery, but is now being described in patients with autonomic dys-
function, cyclic vomiting syndrome (CVS), and functional dyspepsia
(FD).

GES is currently the gold standard method for measuring GE and is
the standard to which other diagnostic tests have been compared. It
should be performed by using the currently accepted, standardized
low-fat solid meal that is endorsed by the American Neurogastroenter-
ology and Motility Society and SNMMI (28—30). Advantages of this
test include good tolerability of the meal by the majority of patients,
validated multicenter normal values, and a reproducible methodology.
Patients who cannot tolerate the current egg-based solid meal can be
tested with the nutritional supplement Ensure PLUS (37,32). The ad-
vantages of this substitute meal are that it uses the same imaging pro-
tocol and that it has normal GE values that are similar to those of the
solid egg-based meal. A rice-based solid meal substitute that is gluten
free and vegan has documented normal values but may not be widely
available (33). Although many variations of solid and liquid GE meals
are used by some diagnostic facilities, they are not recommended until
they have had sufficient validation in the literature.

Recently, a non-nutrient water-only GE test was compared with the
standard solid meal and showed a delay in water GE in 32% of patients
with normal solid GE (34,35). The potential advantages of a water-
only meal are meal tolerability, a shorter acquisition time, and added
sensitivity. Currently there are only single-center data to support the
use of a non-nutrient water meal.

To fully integrate the results of a GES test into patient management,
it is important to document GI symptoms, prior surgical procedures,
and all drugs in use (36). An abbreviated list of interfering medications
includes the following: anticholinergics; calcium channel blockers;
clonidine; proton pump inhibitors; tricyclic antidepressants; lithium;
exenatide; liraglutide; pramlintide; dopamine agonists; progesterone-
containing agents; nicotine by smoking and/or use of containing
agents; medications containing opioids, octreotide, or other somatosta-
tin analogs; and tetrahydrocannabinol by smoking and/or use of its in-
gestible derivatives. Interfering medications should be stopped for 3 d
or 610 half-lives of the drug. Concealed use of an illicit drug can be
an overlooked reason for GI symptoms and GE dysfunction. In patients
with diabetes, blood glucose must be checked and documented imme-
diately before the test to avoid slowing of GE due to hyperglycemia
(37-40).

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of nuclear medicine and final AUC
scores in GE of solids are presented in Table 2.

Scenario 1: Symptoms of gastroparesis (e.g., diabetic or idiopathic)
(Score 9 — Appropriate). Studies that have examined GES findings in
relation to GI concerns show that symptoms that correlate best with
delayed GE at 4 h are early satiety, nausea, vomiting, postprandial full-
ness, and loss of appetite The 4-h value is the most sensitive and spe-
cific indicator of gastric dysfunction (4/). A pivotal investigation
showed that 37% of patients with normal GE results at 2 h were de-
layed at 4 h (42,43). All time points must be considered, as a delay in
GE at 2 h may show normalization at 4 h (42,43). Delayed GE docu-
mented on GES fulfills 1 of the 3 criteria for establishing the diagnosis
of gastroparesis in combination with the other 2: symptoms of



gastroparesis and absence of gastric outlet obstruction or ulceration
(36). This indication was considered appropriate by unanimous agree-
ment of the panel.

Scenario 2: Functional dyspepsia ( (e.g., symptoms of upper ab-
dominal pain/discomfort, early satiety, nausea, vomiting, bloating,
postprandial fullness) (Score 9 — Appropriate). Although the patho-
physiology of FD is multifactorial, recent studies suggest that it in-
cludes a gastric motility disorder. The main pathophysiology in FD
appears to include delayed GE, impaired fundal accommodation,
and/or visceral hypersensitivity (44—46). Delayed GE has been consid-
ered a mechanism of dyspeptic symptoms, especially in the FD cate-
gory of postprandial distress syndrome (early satiety and abdominal
fullness after meals) rather than in the epigastric pain syndrome sub-
group (abdominal pain/discomfort symptoms present at night while
fasting, as well as postprandial symptoms). However, correlations be-
tween severity of FD and delayed GE have been weak, with approxi-
mately 40% of patients with a working diagnosis of FD also showing
delayed GE (47).

The documentation of delayed GE is a starting point for treatment
strategies in this clinically heterogeneous group, which includes pa-
tients in whom accelerated GE can be an unexpected finding. Analysis
of proximal stomach (fundal) emptying as part of standard GES, as
well as dynamic antral scintigraphy to assess antral contractions, may
unmask a subset of patients with FD with normal GE results but im-
paired fundal accommodation or antral motility (48). This indication
was considered appropriate by unanimous agreement of the panel.

Scenario 3: Postsurgical-induced symptoms of dyspepsia, question-
able rapid GE (e.g., symptoms of postsurgical gastroparesis, post-
vagotomy gastroparesis) (Score 9 — Appropriate). Some patients who

have an accidental vagotomy during standard fundoplication surgery
for GER develop symptoms of postvagotomy gastroparesis or, alterna-
tively, “dumping.” The symptoms may be clinically indistinguishable.
The subtle differentiating characteristics are more postprandial ab-
dominal pain, less vomiting, and more urge to defecate or experience
postprandial early diarrhea in dumping syndrome (49). Late dumping
symptoms (hypoglycemia, weakness, and fainting) may also help to
differentiate between the 2 complications. Postvagotomy gastroparesis
can result in severely delayed GE because pyloric relaxation is im-
paired and there is often bezoar formation that can block GE (50). This
indication was considered appropriate by unanimous agreement of the
panel.

Scenario 4: Poorly controlled diabetes without dyspeptic symptoms
(Score 5 — May be Appropriate). Gastroparesis diabeticorum is a term
that describes patients with diabetes who have no symptoms of gastro-
paresis but are noted to have retained food in the stomach. This obser-
vation has been extrapolated to mean that when poorly controlled dia-
betes cannot be explained by nonadherence to the treatment regimen,
gastroparesis may be the reason for excessive swings in blood glucose.
The lack of GI symptoms may be related to concomitant neuropathy
that causes impaired gastric sensations. GES is able to objectively re-
solve this working diagnosis of gastroparesis without GI symptoms
and was considered as may be appropriate by the consensus panel.

Scenario 5: Poorly controlled GER without dyspeptic symptoms
(Score 6 — May be Appropriate). Delayed GE has been reported in the
28%-56% of patients who have GERD and its presence can explain
poor control of symptoms, particularly nocturnal symptoms (51). Cor-
relation of delayed GE with poor nocturnal control of GERD may
guide management toward combining prokinetic agents with proton

TABLE 2
Clinical Scenarios for Gastric Emptying of Solids (Including Postinfectious Symptoms)

Scenario no. Description Appropriateness Score
1 Symptoms of gastroparesis (e.g., symptoms of diabetic or idiopathic) Appropriate 9
2 TR0 symelors of e abdoma pascomfon s ssbe. R jgppre o
3 Postsurgical-induced §ymptoms of dygpepsia, questionable rapid QE (e.g., Appropriate 9

symptoms of postsurgical gastroparesis, postvagotomy gastroparesis)
4 Poorly controlled diabetes without dyspeptic symptoms May be appropriate 5
5 Poorly controlled GER without dyspeptic symptoms May be appropriate 6
6 Suspected generalized Gl motility disorder (intestinal pseudo-obstruction) May be appropriate 6
7 CVS May be appropriate 6
8 Anorexia nervosa May be appropriate 5
9 postprandial oiness, andior abdominal paimy oY S Appropriate 7
10 Pre- and/or postbariatric surgery May be appropriate 5
11 ngt::r;%i:tar:cer\gl:;tif:) (for neurostimulator, pyloroplasty, pyloromyotomy, May be appropriate 6
12 Postsurgical treatment May be appropriate 6
13 Postsurgical neurostimulator placement May be appropriate 6
14 Postsurgical pyloroplasty May be appropriate 6
15 Following surgical or endoscopic pyloromyotomy May be appropriate 6
16 Postsurgical partial gastric resection May be appropriate 6
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pump inhibitor therapy. In addition, objective delay in GE gives cre-
dence to adjusting evening meal timing and content, elevation of the
head of the bed, and/or sleeping on the left side to improve symptoms
of GERD. This indication was considered as may be appropriate by the
consensus panel.

Scenario 6: Suspected generalized GI motility disorder (intestinal
pseudo-obstruction) (Score 6 — May be Appropriate). A suspected gen-
eralized motility disorder, so-called intestinal pseudo-obstruction, can
be from neuropathic and myopathic causes. This can be seen in con-
nective tissue disorders, typically systemic sclerosis, in which the
esophagus, small intestine, and colon are commonly affected (52).
Dyspeptic symptoms such as nausea, vomiting, and epigastric fullness
are often observed in patients with scleroderma. A range of 47%—66%
of patients with scleroderma have delayed GE of solids (53). It is hy-
pothesized that collagen replacement of the gastric smooth muscle may
lead to subsequent stomach hypomotility. Evidence of delayed GE
supports initiation of promotility therapy. This indication for obtaining
a GE study in patients with suspected generalized GI motility disorder,
including intestinal pseudo-obstruction, was considered as may be ap-
propriate by the consensus panel.

Scenario 7: Cyclic vomiting syndrome (CVS) (Score 6 — May be Ap-
propriate). GE studies on CVS can be crucial for separating this entity
from gastroparesis and, hence, change the course of treatment as well
as the long-term prognosis. In the largest published study of GE in
nearly 100 CVS patients, GE results were rapid in 30% and normal in
70% (54), whereas GE is delayed in patients with gastroparesis.

The key to studying GE in CVS is the timing of the study: It should
be performed during the remission phase of CVS. A major confusion
in previous literature was the performance of GE in the hospital where
CVS patients typically receive narcotics for their abdominal pain. This
results in delayed GE and the misdiagnosis of gastroparesis. In addi-
tion, marijuana use is common in a subset of CVS patients (termed
“cannabis hyperemesis syndrome”) and here GE may also be slow as
a result of recent marijuana use (55). The finding of normal or rapid
GE is regarded as specific for CVS and separates this entity from gas-
troparesis. This is crucial, especially when CVS occurs in the setting
of diabetes mellitus. This indication was considered as may be appro-
priate by the consensus panel.

Scenario 8: Anorexia nervosa (Score 5 — May be Appropriate). An-
orexia nervosa in childhood or early adulthood can result in altered GE
function, where despite subsequent improvement in eating habits, there
is no recovery of the gastric atrophy. Another possible explanation for
delayed GE could be that it is secondary to endocrine dysfunction (i.e.,
hypoadrenalism), which is observed in patients with eating disorders.
Anorexia and bulimia have been associated with dyspeptic symptoms
and delayed GE. In a study of 16 female patients with anorexia ner-
vosa, GE of the solid food phase was significantly delayed in 80% of
patients (56). With improvement of the eating disorder and recovery
of normal body weight, GE can improve. This indication was consid-
ered as may be appropriate by the consensus panel.

Scenario 9: Suspected impaired gastric accommodation (e.g.,
symptoms of early satiety, postprandial fullness, and/or abdominal
pain) (Score 7 — Appropriate). Studies have shown an association
between symptoms of nausea, early satiety, abnormal distention, and
GER with proximal gastric retention, whereas vomiting may be more
associated with distal gastric retention (57). Two methods for per-
forming GES measurement of gastric accommodation have been re-
ported. One uses standard planar (2-dimensional) GES and examines
intragastric meal distribution immediately after meal ingestion. The
second uses a 3-dimensional single-photon emission computed to-
mography (SPECT) acquisition and estimates gastric volume by im-
aging the gastric mucosa. The SPECT method is therefore not influ-
enced by GE, is independent of intragastric content, and can assess
both fasting and postprandial gastric volume during the first 10 min
after meal ingestion.
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Measurements of gastric volume by SPECT differ significantly from
the estimates of gastric accommodation based on intragastric meal dis-
tribution measured immediately after food ingestion by the 2-dimen-
sional method (58). Current literature shows that both methods inde-
pendently correlate with symptoms. There is significant evidence that
the SPECT method measures gastric volume changes comparably to
the intragastric barostatically controlled balloon (59) and has excellent
performance characteristics (60). In addition, improvement in FD symp-
toms with low-dose antidepressants has recently been associated with
increased SPECT-measured gastric accommodation (67). Current evi-
dence is more limited to support that measurement of gastric accommo-
dation based on 2-dimensional scintigraphy improves diagnosis and pro-
vides for specific treatment of impaired accommodation (4,5,58). This
indication was considered as appropriate by the consensus panel.

Scenario 10: Pre- and/or postbariatric surgery (Score 5 — May be
Appropriate). Gastric bypass surgery may result not only in weight
loss, but also in reverse type 2 diabetes. Objective measurement of a
delay in GE can be taken to support the recommendation for gastric
bypass surgery rather than for laparoscopic sleeve gastrectomy. In pa-
tients who develop vomiting after gastric bypass, a GE study can iden-
tify significant delay in GE from the pouch, an indication of stenosis
at the gastric-jejunal anastomosis. If gastric pouch emptying shows ex-
pected rapid GE, the ongoing vomiting is either from overeating or
rumination syndrome. Therefore, GES before bariatric surgery may
guide selection of the surgical technique, and in patients with symp-
toms of postsurgical vomiting, it may disclose an actionable surgical
complication. The evidence for using GES before or after bariatric sur-
gery, however, is currently limited (62). When used, it should be com-
bined with an endoscopic and/or radiographic assessment. This indi-
cation was considered as may be appropriate by the consensus panel.

Scenario 11: Postsurgical evaluation (for neurostimulator, pyloro-
plasty, pyloromyotomy, partial gastric resection) (Score 6 — May be
Appropriate). Oral contrast radiographic studies are routinely per-
formed to document uncomplicated gastric surgeries. Assessment of
symptoms that may still be present in a patient with gastroparesis who
has undergone surgical treatment can be crucial. Gastric electrical neu-
rostimulation does not predictably change GE (63), whereas pyloro-
plasty will accelerate it (64). If GE is not sufficiently accelerated, in-
complete pyloromyotomy or the presence of a gastric bezoar should be
suspected. In the future, endoscopic pyloromyotomy may become an-
other indication for GES, as one recent study has already shown accel-
eration of GE by endoscopic pyloroplasty (65). This indication was
considered as may be appropriate by the consensus panel.

Scenario 12: Postsurgical treatment (Score 6 — May be Appropri-
ate). A recent study suggests that the GE rate from a gastric pouch has
an inverse correlation with weight loss after Roux-en-Y gastric bypass
(ReYGB) surgery (66). Therefore, rapid dumping was correlated with
failed ReYGB in achieving target weight loss. Several studies show
that patients with failed ReYGB benefit from salvage banding, in
which an adjustable band is applied either over the gastric pouch (to
control excessive dilation) or over the gastrojejunostomy to control di-
lation of the opening (67). GES results may help guide where to place
the salvage band; however, currently no evidence exists to support this
strategy. This indication was considered as may be appropriate by the
consensus panel.

Scenario 13: Postsurgical neurostimulator placement (Score 6 —
May be Appropriate). GES may provide supportive evidence for sur-
gical success. If GE results are abnormal after surgery aimed to treat
gastroparesis, additional therapy to promote GE may be helpful. Use
of a neurostimulator is one such option. It has worked synergistically
with pyloroplasty (64).

Hence, addition of a neurostimulator would be reasonable if GES
remains abnormal in a patient with gastroparesis who remains symp-
tomatic after pyloroplasty. Other complications from GI surgery that
result in slow GE may benefit from neurostimulator placement. Case



reports anecdotally support such intervention in these patients. This
indication was considered as may be appropriate by the consensus
panel.

Scenario 14: Postsurgical pyloroplasty (Score 6 — May be Appro-
priate). Since GES objectively documents the effectiveness of surgery,
it may also guide further management when GE remains abnormal in
a patient with persistent symptoms. Such patients are known to benefit
from combination therapy with the addition of a neurostimulator (64).
This indication was considered as may be appropriate by the consensus
panel.

Scenario 15: Following surgical or endoscopic pyloromyotomy
(Score 6 — May be Appropriate). Surgical pyloromyotomy is per-
formed in infants with hypertrophic pyloric stenosis. When these pa-
tients were studied as adults, the GE results of a nutritious liquid meal
were found to be overall normal (68). However, pyloric motility results
in the same patients were abnormal, as would be exp ected. This ob-
servation is consistent with the concept that the stomach has the capac-
ity to compensate for changes in pyloric motility to minimize effects
on GE. This mechanism may fail in some patients and manifest as GI
symptoms. There are no published studies on using a GE study in such
a patient population. Nevertheless, performance of a GE study was
considered reasonable and may be appropriate in relating abdominal
concerns to the development of GE dysfunction in these patients. An-
other patient population treated with surgical pyloroplasty or pyloro-
myotomy can be treated with electrical stimulation for the treatment of
severe gastroparesis. These patients can experience significant im-
provement in their symptoms and show improved GE (64). GES serves
as objective evidence for successful treatment by this combined surgi-
cal procedure. Recently, endoscopic pyloromyotomy was also found
to effectively treat severe gastroparesis, with marked improvement in
symptoms and GE (65). This indication was considered as may be ap-
propriate by the consensus panel.

Scenario 16: Postsurgical partial gastric resection (Score 6 — May
be Appropriate). Partial gastric resections, either Billroth 1 (an-
trectomy) or Billroth II (gastro-jejunal anastomosis), have unpredict-
able effects on GE. When these procedures are performed in the

context of peptic ulcer disease, GE is generally expected to be accel-
erated after surgery. However, as many as 50% of these patients may
later display abdominal symptoms of gastroparesis after Billroth I
surgery. Demonstration of delayed GE is diagnostic of gastroparesis
when the stomach is shown to be patent by endoscopy. These patients
may benefit from completion gastrectomy (69). An antral resection
without a pyloroplasty may not change GE and may delay it in a sig-
nificant proportion of these patients. This procedure is typically done
in patients with gastric cancer resection. It is a standard of care in
these patients to follow up with endoscopy for early detection of can-
cer recurrence. However, there is often significant residual food after
standard preparation of patients after Billroth I, which interferes with
diagnostic endoscopy. Delayed GE in these patients predicted inter-
ference of significant food remnants with endoscopy and correlates
well with development of postsurgical abdominal symptoms of gas-
troparesis (70,71). This indication was considered as may be appro-
priate by the consensus panel.

Summary of Recommendations

GES remains the standard for measuring both solid and liquid GE.
Recent advances in GES now permit additional measurements of gas-
tric motility, including intragastric meal distribution, gastric accom-
modation response, and antral contraction frequency and amplitude.
Although current treatments for gastroparesis are limited, it is antici-
pated that these newer measures of gastric dysmotility may lead to im-
proved treatment.

GE OF LIQUIDS (NUTRIENT AND NON-NUTRIENT/WATER
MEALS)

Introduction/Background

Determination of GE rates of a non-nutrient water meal is not well
established. Use of a water meal dates back to the early use of a saline
load test for gastric outlet obstruction. There is limited evidence for the
existence of a subset of patients with gastroparesis with normal solid
GE but abnormal GE of water (34,35). Use of a water meal has not

TABLE 3
Clinical Scenarios for Gastric Emptying of Liquids (Non-Nutrient/Water Meal)
Scenario no. Description Appropriateness Score
Symptoms of gastroparesis (e.g., symptoms of diabetic vs. idio- .
0 pathic) if solid emptying is normal GEEEEISS U
2 ED (e.g., symptorr_1§ of upper abdominal p_am/dlscomfort, early sa- Appropriate 7
tiety, nausea, vomiting, bloating, postprandial fullness)
Poorly controlled diabetes without dyspeptic symptoms May be appropriate 4
Poorly controlled GER without dyspeptic symptoms Rarely appropriate
Suspected generalized Gl motility disorder (intestinal pseudo-ob- .
5 struction) Rarely appropriate 3
6 CVs Rarely appropriate 3
7 Anorexia nervosa May be appropriate 4
8 Gastrostomy evaluation May be appropriate 5
9 Unable to tolerate solid meal Appropriate 8
10 After a normal solid meal when symptoms suggest gastric motility Appropriate 8
disorder
11 Small-bowel transit study (when combined with liquid GE) Appropriate 7
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been validated in multicenter studies. Because water by definition has
no caloric value, it is clinically of greater pertinence to address the GE
of a nutrient liquid meal. A nutrient liquid meal is indicated for patients
referred for GES who have egg and/or gluten allergies or other reasons
for intolerance of the standard solid meal. The GE characteristics of a
validated liquid nutrient meal is similar to those of the standard solid
meal but with a slightly faster emptying rate (31,32,72).

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of nuclear medicine and final AUC
scores in GE of liquids (non-nutrient/water meal, including postinfec-
tious symptoms) are presented in Table 3.

Scenario 1: Symptoms of gastroparesis (e.g., symptoms of diabetic
vs. idiopathic) if solid emptying is normal (Score 7 — Appropriate). A
retrospective study of combined tap water and standard solid meal
GES evaluated 21 patients with GI symptoms. Investigators found that
in 17 patients with normal solid GE, the water GE was abnormal. The
same group then initiated another prospective study of 101 patients,
the key difference being that water and solid GES were done consecu-
tively to eliminate simultaneous liquid and solid meal ingestion as in
the first investigation. Delayed GE was found in 36% of plain water
GES results and 16% of solid GES results. Similar to the first study,
water GE was delayed in 32% of all patients with normal solid empty-
ing (34,35,73). Although advantages of plain water include availability
and short acquisition time (30 min), there is currently insufficient evi-
dence to support its routine clinical use. In patients who cannot tolerate
the standard solid meal, this indication was considered as appropriate
by the consensus panel.

Scenario 2: Functional dyspepsia (FD) (e.g., symptoms of upper ab-
dominal pain/discomfort, early satiety, nausea, vomiting, bloating,
postprandial fullness) (Score 7 — Appropriate). Non-nutrient plain wa-
ter GES may be useful, especially when other validated nutritional
meals cannot be tolerated. See Scenario 1.

Scenario 3: Poorly controlled diabetes without dyspeptic symptoms
(Score 4 — May be Appropriate). Plain water GES may be useful if
other validated meals with nutritional value cannot be tolerated. A non-
caloric meal may be useful to avoid the known physiological effects of
hyperglycemia, which can slow GE. This indication was considered as
may be appropriate by the consensus panel.

Scenario 4: Poorly controlled GER without dyspeptic symptoms
(Score 3 — Rarely Appropriate). There is no literature evidence for the
validity of plain water GES in this indication. Non-nutrient plain water
GES may be useful, especially if other validated nutritional meals can-
not be tolerated. This indication was considered as rarely appropriate
by the consensus panel.

Scenario 5: Suspected generalized GI motility disorder (intestinal
pseudo-obstruction) (Score 3 — Rarely Appropriate). There is no liter-
ature evidence for the validity of plain water GES in this indication.
Non-nutrient plain water GES may be useful, especially if other vali-
dated nutritional meals cannot be tolerated. This indication was con-
sidered as rarely appropriate by the consensus panel.

Scenario 6: Cyclic vomiting syndrome (CVS) (Score 3 — Rarely Ap-
propriate). There is no literature evidence for the validity of plain wa-
ter GES in this indication. Non-nutrient plain water GES may be use-
ful, especially if other validated nutritional meals cannot be tolerated.
This indication was considered as rarely appropriate by the consensus
panel.

Scenario 7: Anorexia nervosa (Score 4 — May be Appropriate).
There is no literature evidence for the validity of plain water GES in
this indication. Non-nutrient plain water GES may be useful in this
patient population, especially if other validated nutritional meals can-
not be tolerated. This indication was considered as may be appropriate
by the consensus panel.

Scenario 8: Gastrostomy evaluation (Score 5 — May be Appropri-
ate). There is no literature evidence for the validity of plain water GES
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in this indication. Non-nutrient plain water GES may be useful, espe-
cially if other validated nutritional meals cannot be tolerated. This in-
dication was considered as may be appropriate by the consensus panel.

Scenario 9: Unable to tolerate solid meal (Score 8 — Appropriate).
There is no literature evidence for the validity of plain water GES in
this indication. Non-nutrient plain water GES may be useful, espe-
cially if other validated nutritional meals cannot be tolerated. On the
basis of their clinical experience, the consensus panel considered this
indication as may be appropriate.

Scenario 10: After a normal solid meal when symptoms suggest gas-
tric motility disorder (Score 8 — Appropriate). Non-nutrient plain wa-
ter GES may be useful, especially if other validated nutritional meals
cannot be tolerated. Recently, a non-nutrient water-only GE test was
compared with the standard solid meal and showed a delay in water
GE in 32% of patients with normal solid GE (35). A water-only meal
has potential advantages, including meal tolerability, a shorter acqui-
sition time, and added sensitivity. Currently, there are limited clinical
data to support the use of a non-nutrient water meal, but the consensus
panel felt the existing data show that its use is appropriate for this clin-
ical scenario.

Scenario 11: Small-bowel transit study (when combined with liquid
GE) (Score 7 — Appropriate). For some patients with vague symptoms
consistent with a functional GI disorder, it can be challenging to diag-
nose whether the abnormality involves the stomach, small bowel, or
colon. In such instances, transit of a water meal may disclose a small-
bowel transit abnormality. Although combining liquid (water) and sol-
ids by using a dual isotope technique to measure both solid and liquid
GE and then following the liquid transit through the small bowel has
been previously confined to the research setting, it has recently become
a clinically validated study to assess small-bowel motility (73-76).
This indication was considered as appropriate by the consensus panel.

Summary of Recommendations

GES of solids remains the gold standard for measuring GE. There
are limited data on the clinical value of liquid GE alone. Liquid GE is,
however, typically combined with solids when additional small-bowel
or colonic transit studies are needed. A substitute liquid meal can be of
clinical value for patients who cannot tolerate the standard radio-
labeled egg meal.

SMALL-BOWEL TRANSIT

Introduction/Background

The function of the small bowel is to transport food as it empties
from the stomach and to mix it with bile and with pancreatic and intes-
tinal secretions to facilitate absorption over the bowel mucosal surface.
Measurement of small-bowel transit is complex because entry of a
meal into the small intestine depends on GE and because small-bowel
chyme spreads over a large distance as it progresses toward the colon.
There is no simple small-bowel peristaltic pattern. Antegrade and ret-
rograde movements of intestinal chyme occur in the jejunum and il-
eum, with some areas progressing rapidly and others slowly. Jejunal
peristaltic activity is typically more rapid and intense, with slowing of
peristalsis seen in the ileum (77).

The simplest approach to scintigraphic measurement of small-bowel
transit is to measure orocecal transit time by imaging the leading edge
of radiotracer transit through the bowel. Accurately defining the lead-
ing edge (the first visualized arrival of activity in the cecum), however,
requires frequent (every 10—15 min) and prolonged imaging because
of the stasis in the terminal ileum.

An alternative scintigraphic method of measuring small-bowel
transit does not attempt to characterize the complex temporal or spatial
peristaltic small-bowel patterns or leading-edge transit, but simply
measures the overall bulk movement of radiotracer as it progresses dis-
tally into the terminal ileum. Typically, the radiolabeled meal collects



in a terminal ileal reservoir. This region is also referred to as the ile-
ocolonic junction. The recent SNMMI/European Association of Nu-
clear Medicine guideline on small-bowel transit recommends use of
the percentage of administered liquid meal that has accumulated in the
terminal ileum at 6 h after meal ingestion as a simple index of small-
bowel transit (78). Small-bowel transit is considered normal if more
than 40% of administered activity has progressed into the terminal il-
eum or passed into the cecum and ascending colon at 6 h. Small-bowel
transit is delayed if activity persists in multiple loops of small bowel at
6 h and if little activity (<40%) arrives in the terminal ileum reservoir.
The amount of colon filling at 6 h has also been used as an index of
small-bowel transit. The wireless motility capsule has been shown to
correlate well with scintigraphy for measuring small-bowel transit (/).

Indications for small-bowel transit testing have been proposed in
prior consensus publications. Authors of a review article by the Amer-
ican and European Neurogastroenterology and Motility societies pro-
posed that small-bowel transit testing should be considered for those
with unexplained nausea, vomiting, bloating, distention, or other man-
ifestations of small intestinal bacterial overgrowth (SIBO) or dysmotil-
ity (2). The authors of an older review commented that symptoms of
small-bowel dysmotility are similar to those of gastroparesis and that
small-bowel transit testing could be considered for those patients with
persistent symptoms despite normal GE rates (79).

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of nuclear medicine and final AUC
scores in small-bowel transit are presented in Table 4.

Scenario 1: Symptoms of small-bowel dysmotility (e.g., symptoms of
nausea, vomiting, bloating, constipation, diarrhea, abdominal disten-
tion) (Score 7 — Appropriate). Scintigraphy has been used to measure
small-bowel transit in several retrospective studies with varying de-
signs related to patient symptom profiles. In one study of 55 patients
undergoing whole-gut transit scintigraphy (WGTS), small-bowel
transit was abnormal in 3 of 14 (21%) with dyspepsia, and delays in
small-bowel transit were found in 7 of 27 (26%) with constipation and
in 3 of 14 (21%) with diarrhea (80). In a second investigation of 108
patients with functional symptoms, 4 of 35 (11%) with dyspepsia ex-
hibited small-bowel transit delays, and 5 of 69 (7%) with constipation
had small-bowel delays (77). Changes in management were directed
by WGTS, which combines GE, small-bowel, and colon transit meas-
urements, in 74% of patients with dyspepsia and 64% of those with
constipation, although no mention was made of the specific impact of
small-bowel transit findings on management decisions. A third report
focused on concerns of unexplained constipation in 212 patients (81).
Nine individuals (10%) with slow-transit constipation had delayed
small-bowel transit, and 2 of 25 (8%) with dyssynergic defecation had
associated small-bowel delays. Seven of 53 (13%) with combined
slow-transit constipation and dyssynergia and 2 of 43 (5%) with nor-
mal results of coloanal testing exhibited slowing of small-bowel

transit. The authors postulated that the extracolonic transit delays could
be a potential explanation for failed responses to appropriate therapies
for constipation. In another study, small-bowel transit was delayed in
2 of 8 (25%) patients with constipation (82). Moderately high intra-
and intersubject variability in scintigraphic small-bowel transit times
has been proposed by some investigators to limit discrimination of
transit delays in some patients with small intestinal motility disorders
(79,83).

Small-bowel scintigraphy was used to document responsiveness to
treatment in one study of patients with functional GI disorders (84).
The percentage of scintigraphic colonic filling at 6 h (reflecting oroce-
cal transit) was significantly accelerated by oral administration of the
serotonin 5-HT4 receptor agonist prokinetic medication tegaserod in
24 patients with constipation-predominant irritable bowel syndrome
(IBS).

Other tests, including barium contrast radiography, radiopaque
markers, video capsule endoscopy, and magnetic resonance imaging,
have been proposed to quantify small-bowel transit; however, no case
series that used these methods to document transit delays have been
published (2,85). This indication was considered appropriate by unan-
imous agreement of the panel.

Scenario 2: Suspected SIBO (Score 5 — May be Appropriate). The
literature on the use of scintigraphy to document small-bowel transit
delays in patients with SIBO is limited. In a study of patients undergo-
ing concurrent lactulose breath testing and WGTS, there were no dif-
ferences in breath test positivity overall in those with and without
small-bowel transit delays (86). However, patients with positive me-
thane production results exhibited slower small intestinal transit com-
pared with that of hydrogen producers. A second investigation that
used simultaneous lactulose breath testing and scintigraphy conferred
a diagnosis of SIBO when the hydrogen rise from bacterial fermenta-
tion of the substrate was detected before 5% of the radiolabeled tracer
passed into the cecum (87). Use of these rigorous criteria from com-
bined testing showed that those with SIBO reported significantly better
symptom responses to antibiotic treatment with rifaximin than did
those who did not meet these criteria.

With lactulose breath tests, prolonged orocecal transit has been ob-
served in patients with inflammatory bowel disease, acromegaly, dia-
betes, and scleroderma in association with SIBO (88-90). Wireless
motility capsule testing and small intestinal manometry are also useful
for demonstrating abnormal small-bowel transit associated with SIBO.
Patients with SIBO diagnosed by lactulose breath testing exhibit de-
layed small-bowel transit on wireless motility capsule testing com-
pared with patients who have negative breath test results (88,90).

From the above evidence, the committee concluded that small-
bowel scintigraphy may be appropriate to measure transit in patients
with suspected SIBO. It must be emphasized that, although documen-
tation of transit delays cannot establish a diagnosis of SIBO, such test-
ing may offer insight into the pathogenesis of SIBO and may stratify

TABLE 4
Clinical Scenarios for Small-Bowel Transit
Scenario no. Description Appropriateness Score
1 Symptoms of small bowel dysmaoitility (e.g., symptoms of nausea, vomit- Aopropriate 7
ing, bloating, constipation, diarrhea, abdominal distention) pprop
2 Suspected SIBO May be appropriate 5
3 Suspected gengrallzed Gl motility disorder (e.g., drug-induced, idio- Appropriate 8
pathic, or genetic)
4 gilljast?:ﬁ)ted intestinal pseudo-obstruction (e.g., unexplained small-bowel Appropriate 8
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patients into those who may need different treatments. Documentation
of delayed transit with scintigraphy may direct the use of prokinetic
medications with the intention of expelling organisms trapped in a
sluggish intestine. This indication was considered as may be appropri-
ate by unanimous agreement of the panel.

Scenario 3: Suspected generalized GI motility disorder (e.g., drug-
induced, idiopathic, or genetic) (Score 8 — Appropriate). WGTS per-
mits quantification of GE, small-bowel transit, and colon transit in a
single test. Some literature reports the utility of small-bowel scintigra-
phy in confirming or refuting the presence of generalized dysmotility
disorder with abnormal transit in at least 2 of these 3 GI organs. In the
previously described study of 108 patients with functional GI symp-
toms, 3 of the 4 patients with dyspepsia and delayed small-bowel
transit also exhibited delayed GE by scintigraphy (74). All 5 patients
with constipation and delayed small-bowel transit also showed GE de-
lays. In another investigation of 212 constipated patients, 9 individuals
with slow-transit constipation and delayed small-bowel transit also had
slow GE, confirming generalized impairments throughout the alimen-
tary tract (87). Findings of these scintigraphy studies parallel investi-
gations that use the wireless motility capsule, which is also able to
measure whole-gut transit in a single diagnostic test. Small-bowel
transit delays were observed in 16% of 209 patients with suspected
gastroparesis (91).

These findings support the unanimous endorsement of the commit-
tee for use of small-bowel transit scintigraphy as an appropriate diag-
nostic test in patients with a suspected generalized GI motility disor-
der. The evidence is convincing that scintigraphy can document small-
bowel transit delays in combination with delays in other gut regions.
However, it is again uncertain as to whether such capability will have
a significant impact on defining management decisions or determining
outcomes from treatments directed by documenting small-bowel
transit delays. Few prokinetic therapies are available to correct small
intestinal motor impairments. Agents that act in the small bowel in-
clude erythromycin, pyridostigmine, prucalopride, and octreotide, but
the benefits of any of these agents to specifically treat small-bowel
transit delays in patients with functional symptoms without pseudo-
obstruction are unproved. This indication was considered appropriate
by unanimous agreement of the panel.

Scenario 4: Suspected intestinal pseudo-obstruction (e.g., unex-
plained small-bowel dilation) (Score 8 — Appropriate). Chronic intes-
tinal pseudo-obstruction presents with symptoms that mimic mechan-
ical obstruction with generalized dilation of small-bowel (and usually
colon) loops in the absence of physical blockage. The diagnosis is usu-
ally made with plain or cross-sectional radiography with or without
documentation of contractile abnormalities on intestinal manometry.
Small-bowel transit measurements can be informative in cases in
which luminal dilation is minimal and when motor impairments in this
gut region are uncertain. In an early report of 8 patients with chronic
intestinal pseudo-obstruction established by small-bowel manometry,
transit in this gut region on scintigraphy was delayed compared with
that in healthy controls for both solid (131I-fiber) and liquid (**™Tec-

diethylene triamine pentaacetic acid [DTPA]-water) meals The proki-
netic drug cisapride normalized small-bowel transit delays for both
solid and liquids in these patients. (92). In another study of 14 patients
who had undergone small intestinal manometry to confirm dysmotil-
ity, including documentation of neuropathic findings in 8 of them and
myopathic patterns in 6, scintigraphic small-bowel transit was mark-
edly prolonged compared with that in healthy controls (median 328 vs.
218 min, P <0.01) (93).

Regional transit abnormalities have also been documented by scin-
tigraphy in the distal small intestine in chronic intestinal pseudo-ob-
struction. In a comparative study of patients with pseudo-obstruction
and healthy controls, 6 patients with myopathic findings on intestinal
manometry exhibited passage of solid radiolabeled boluses from the
ileum into the colon that were smaller and occurred less frequently than
they did in 14 patients with neuropathic disease and 10 healthy volun-
teers (94).

These observations support the unanimous endorsement of the com-
mittee for use of small-bowel scintigraphy as an appropriate diagnostic
test in patients with suspected intestinal pseudo-obstruction. Scinti-
graphic measures of small intestinal transit can clearly demonstrate de-
lays in this patient population. The regional bolus findings suggest the
potential to provide pathophysiological information that distinguishes
neuropathic from myopathic variants. Although the method can detect
treatment responses, information is inadequate for showing that per-
formance of small-bowel scintigraphy can alter treatment decisions,
predict outcomes from prokinetic therapy, or provide prognostic infor-
mation to determine whether a given patient should be considered for
parenteral nutrition.

Summary of Recommendations

The investigations cited in this systematic review support the en-
dorsement of the panel for use of small-bowel scintigraphy as an ap-
propriate diagnostic test in patients with symptoms of small-bowel
dysmotility and SIBO. The available data suggest that a subset of
patients with symptoms of presumed upper and/or lower gut origin
will exhibit delayed small-bowel transit. However, there is not yet
convincing literature that specifically documents that small-bowel
transit delays will influence additional management decisions or af-
fect outcomes of any treatments for patients with functional GI dis-
orders.

COLON TRANSIT

Introduction/Background

Colonic motility regulates slow mixing and movement of its con-
tents so that the colon can absorb water and electrolytes and transform
liquid chyme into semisolids or solids in the sigmoid colon. Rhythmic
phasic contractions aided by tonic contractions cause slow distal pro-
pulsion and mixing of colonic contents. In addition, infrequent high-
amplitude (>100 mm Hg) propagating contractions produce mass
movements that deliver a large column of stool into the rectum.

TABLE 5
Clinical Scenarios for Colon Transit
Scenario no. Description Appropriateness Score
1 Symptoms of large-bowel (colon) dysmotility (e.g., symptoms of consti- Appropriate 8
pation, bloating, abdominal pain, non-diarrhea-dominant IBS)
Suspected generalized Gl motility disorder Appropriate
3 Suspected intestinal pseudo-obstruction (e.g., unexplained megacolon) Appropriate
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Thereafter, in healthy individuals, controlled evacuation of stool nor-
mally occurs between once in 3 d and up to 2 to 3 times a day. A key
question in patients with chronic constipation is to identify whether
there is colonic inertia, generalized slow colon transit, pelvic floor dys-
function, functional outlet obstruction, or IBS (95). Colonic motility
and transit time are tested to determine whether a patient with symp-
toms of constipation has abnormal colonic transit and whether a spe-
cific area of the colon is involved.

Colon transit can be imaged by using serial radiographs after inges-
tion of radiopaque markers with a meal.

Radiographs are obtained for several days (up to 7) to count the
number of markers remaining in segments of the colon (right, left, and
rectosigmoid regions) or throughout the colon. The radiopaque marker
test is not physiological, however, for the assessment of transit of in-
testinal chime. In contrast, 2 scintigraphic methods that have been most
commonly applied to provide a more dynamic assessment of colonic
transit use oral !''"In-DTPA. These methods are described in detail in a
consensus practice guideline (67). The wireless motility capsule is a
newer technique that has been shown to correlate well with scintigra-
phy and radiopaque markers for measuring colon transit (7).

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of nuclear medicine and final AUC
scores in colon transit are presented in Table 5.

Scenario 1: Symptoms of large bowel (colon) dysmotility (e.g.,
symptoms of constipation, bloating, abdominal pain, non-diarrhea-
dominant IBS) (Score 8 — Appropriate). Chronic constipation is a prev-
alent condition. From studies that use validated questionnaires, it is
estimated to affect approximately 14% of the global population. Ruling
out structural problems with colonoscopy or radiological imaging is of
primary importance, particularly for colonic malignancy or extrinsic
luminal obstruction. Three types of constipation have been identified:
normal transit, slow transit (colonic inertia or chronic colonic pseudo-
obstruction), and evacuation disorders. Considerable overlap exists be-
tween the 3 groups (95). Normal-transit constipation includes individ-
uals with IBS with constipation and IBS with mixed symptoms; in
these patients, abdominal pain and bloating is associated with consti-
pation. Some patients with mixed constipation and diarrhea have un-
derlying constipation and the diarrhea is caused by overflow of stool
material around hard impacted stool in the rectosigmoid region (over-
flow incontinence). Therefore, assessing large bowel motility is help-
ful to determine an approach to treatment in all of these patient groups,
after obstructive lesions have been ruled out. It is also important to
assess pelvic floor function, as this relates to constipation before per-
forming scintigraphy. Pelvic floor dysfunction, especially dyssynergic
defecation, has been shown to affect colonic transit (i.e., secondary
slowing of colonic transit from distal functional obstruction) (96). Af-
ter obstruction and pelvic floor dysfunction have been eliminated, co-
lon transit scintigraphy is indicated and has proven to be a reliable test
to distinguish slow-transit from normal-transit constipation (97). In ad-
dition to distinguishing constipated patients with slow-transit consti-
pation, it can also differentiate patients who have delayed transit

isolated to the rectosigmoid area. This indication was considered ap-
propriate by unanimous agreement of the panel.

Scenario 2: Suspected generalized GI motility disorder (Score 8 —
Appropriate). The discussion and evidence supporting the use of colon
transit imaging for this indication is essentially the same as those sup-
porting the use of WGTS, which includes GE, small-bowel, and colon
transit studies (see Scenario 3: Suspected Generalized GI Motility Dis-
order in the Small-Bowel Transit section; Scenario 3: Suspected Intes-
tinal Pseudo-Obstruction in the present section; and Scenario 1: Sus-
pected Pan GI Motility Disorder in the Whole-Gut Transit section).

Scenario 3: Suspected intestinal pseudo-obstruction (e.g., unex-
plained megacolon) (Score 8 — Appropriate). Intestinal pseudo-obstruc-
tion is a severe motility disorder in which patients present with clinical
signs of bowel obstruction. Radiographs will show dilated loops of
bowel and air fluid levels suggesting an obstruction, but no mechanical
occluding lesion can be found. As discussed under Scenario 6: Suspected
Generalized GI Motility Disorder (Intestinal Pseudo-Obstruction) in the
GE of Solids section, intestinal pseudo-obstruction is commonly seen
with systemic sclerosis, in which the esophagus, stomach, small intes-
tine, and colon are typically affected (52). The presence of slow colon
transit confirmed with WGTS, as well as the demonstration of delayed
GE and delayed small-bowel transit, helps to establish a diagnosis of in-
testinal pseudo-obstruction (98). This indication was considered appro-
priate by unanimous agreement of the panel.

Summary of Recommendations

Colonic transit scintigraphy can be used to distinguish motility dis-
orders that affect colonic transit from those that affect the whole gut.
Disorders of colonic transit that cause constipation can be further dif-
ferentiated into slow-intestinal-transit and normal-transit constipation.
In addition, this test may identify patients who have intestinal pseudo-
obstruction and distal colonic disorders such as delayed rectosigmoid
transit or dysfunction and disorders of the pelvic floor.

WHOLE-GUT TRANSIT

Introduction/Background

WGTS refers to a combined study that includes measurement of GE,
small-bowel, and colonic transit after administration of a dual-isotope,
solid-liquid meal (73,74,99). These studies are helpful for evaluating
patients whose symptoms cannot be classified as either upper or lower
GI in origin, or where a functional and not an organic cause is sus-
pected (100). The wireless motility capsule has been shown to corre-
late well with scintigraphy for measuring whole-gut transit (7).

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of nuclear medicine and final AUC
scores in whole-gut transit are presented in Table 6.

Scenario 1: Suspected pan GI motility disorder (e.g., unable to dif-
ferentiate upper from lower GI motility disorder) (Score 8 — Appropri-
ate). As discussed in both of the previous sections on small-bowel and
colon transit, it is often difficult to determine whether a patient’s symp-
toms are functional or organic and, if organic, whether caused by upper

TABLE 6
Clinical Scenarios for Whole-Gut Transit

Scenario no. Description Appropriateness Score
1 Suspected pan Gl motility disorder (e.g., unable to differentiate upper Appropriate 8
from lower Gl motility disorder)
2 Presurgical evaluation of colonic inertia Appropriate 8
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or lower GI tract dysmotility. WGTS is therefore appropriate for use
in such patients. In a study of patients referred for upper GI symptoms,
constipation, or diarrhea, 40% were found to have an organic cause of
symptoms, but 60% were diagnosed as functional (99). In a study to
evaluate the clinical utility of WGTS, organic disease was found in
many patients with an initial suspected functional disorder; the initial
diagnosis was changed in 45% of patients and patient management was
changed in 67% of patients (74).

Patients with diarrhea-predominant IBS have faster small-bowel
transit and rapid colonic filling, whereas constipated patients have
slower small-bowel transit and delayed colonic filling (73,74,99,101).
GI symptoms in patients with untreated celiac disease is associated
with a wide range of dysmotility involving esophageal transit, gastric
and gallbladder emptying, orocecal transit (small bowel), and colon
transit (102). WGTS therefore can play an important role in evaluating
patients with suspected symptoms of celiac disease.

Many patients with severe idiopathic constipation may have promi-
nent upper GI symptoms. WGTS is most helpful for evaluating pa-
tients with constipation. Colon transit is slowed more commonly in
patients with organic disease and normal in patients with functional
constipation. It is important to exclude significant upper GI dysmotil-
ity in such patients before surgery because subtotal colectomy may not
correct their symptoms (7103). In a study of patients with severe idio-
pathic constipation with upper GI symptoms, 3 of 4 with upper GI
symptoms had abnormal GE and small-bowel transit in addition to de-
layed colon transit (104). Another study of patients with chronic di-
verse GI symptoms over a 5-y period who were referred for WGTS
documented delayed colon transit in 63% of patients with constipation
compared with only 29% with dyspepsia (80). This indication was con-
sidered appropriate by unanimous agreement of the panel.

Scenario 2: Presurgical evaluation of colonic inertia (Score 8 — Ap-
propriate). In patients with chronic constipation, WGTS is useful to
identify whether there are abnormalities of GE and small-bowel transit.
These upper GI transit delays may be playing a role in the symptoms
of constipation. For patients being considered for surgical treatment of
chronic refractory constipation, such as total colectomy, obtaining
WGTS is useful to ensure that colonic transit is delayed and that transit
of the upper GI tract is relatively normal. Pelvic floor dysfunction
should also be excluded. Better outcomes are achieved for total colec-
tomy if there is isolated colonic inertia (/05). This indication was con-
sidered appropriate by unanimous agreement of the panel.

Summary of Recommendations

Substantial evidence exists that WGTS helps in localizing a site or
sites of abnormal GI motility, thus helping yield a diagnosis and di-
recting therapy in patients with a wide range of both upper and lower
GI tract symptoms.

BENEFITS AND HARMS OF
GUIDANCE

IMPLEMENTING THE AUC

The goal of this document is to aid and benefit referring physicians
in using clinical decision support (CDS) tools so that they may
achieve efficient and cost-effective use of scintigraphic GI motility
studies for the wide range of clinical scenarios described in this re-
port. The recommendations presented are not meant to replace clini-
cal judgment, but rather are presented so that they can be incorpo-
rated into CDS tools to both educate referring physicians about the
appropriate use of these studies and permit efficient ordering of scin-
tigraphic GI motility studies.

It is not possible to cover all patient symptom scenarios where GI
scintigraphy studies may aid the referring physician in diagnosis and
treatment. There are instances where no literature is available to sup-
port the use of such studies in a particular clinical scenario. Thus, there
is concern that reliance on CDS tools may diminish the appropriate use
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of an imaging study for a clinical indication not described in this doc-
ument. At this time, the future impact on patient outcomes of CDS
tools based on use of AUC is unknown.

QUALIFYING STATEMENTS

Study/Evidence Limitations

A limitation of the literature on GI transit studies is the lack of a
gold standard to establish sensitivity and specificity values. Much of
the literature, especially on measurement of GE and small and large-
bowel transit, was established without comparison to another standard
because no other methodology was available to investigate solid and
liquid transit of a physiological meal within the GI tract.

IMPLEMENTATION OF THE AUC GUIDANCE

To develop broad-based multidisciplinary clinical guidance docu-
ments, SNMMI has been working with several other medical specialty
societies. It is hoped that this collaboration will foster the acceptance
and adoption of this guidance by other specialties. SNMMI has devel-
oped a multipronged approach to disseminate AUC for GI transit scin-
tigraphy to all relevant stakeholders, including referring physicians,
nuclear medicine physicians, and patients. The dissemination and im-
plementation tactics will include a mix of outreach and educational ac-
tivities targeted to each of these audiences. SNMMI will create case
studies for its members, as well as for referring physicians, and make
them available via online modules and webinars. These cases will
cover the appropriate clinical scenarios for the use of GI transit scin-
tigraphy studies. Related resources such as the systematic review sup-
porting the development of these AUC, a list of upcoming education
events on the AUC, factsheets, and other didactic materials will be
made available on the SNMMI website. Live sessions will be held at
the SNMMI annual and midwinter meetings, as well as at other rele-
vant professional society meetings of referring physicians to highlight
the importance and application of these AUC. SNMMI also aims to
create a mobile application for these AUC for both Apple and Android
platforms.
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