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Abstract

Diabetes Mellitus is one of the most common non communica-
ble diseases, with rising incidence and prevalence. Several system-
ic complications like retinopathy are known to arise in long stand-
ing diabetes, gastroparesis is one such complication, and adds to
morbidity of these patients. Early diagnosis of gastroparesis may
be valuable in prompt management and thereby improving patient
outcome. Various methods have been devised for diagnosis of gas-
troparesis but Gastric Emptying Scintigraphy (GES) stands out as
the test of choice as it is physiological study which quantifies the
gastric retention and can also be used for follow up of these patients
after initiating treatment. Careful consideration of meal used, and
adherence to standardized procedure minimizes the errors in the
results and increases validity of the study. Several studies have been
performed utilizing GES have helped in evaluating role of various
disease related factors in diabetic gastroparesis. We review major
studies done utilizing GES in the evaluation of diabetic gastropare-
sis. Larger multicentric studies will help in further standardizing the
procedure especially with regards to the meal used in GES which is
one of the main limitation restrictive to the popularity of this modality.

Keywords: Diabetic gastroparesis; Diabetes mellitus; Gastric emp-
tying scintigraphy

Introduction

Diabetes is the modern age global epidemic producing significant
morbidity and mortality affecting about 425 million people world-
wide in 2017, and the projected figure of affected population by the
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year 2045 being as high as 693 million cases. The prevalence of Di-
abetes in India is about 72.9 million cases, which is currently second
only to China and is estimated to rise to 119.8 million cases by the
year 2045. Long standing diabetics are prone to develop varied com-
plications including, but not limited to autonomic neuropathy, which
may involve multiple systems including gastrointestinal, cardiovascu-
lar, genitourinary systems [1,2].

Gastroparesis is defined as delayed gastric emptying in absence
of gastric outlet obstruction. Although there are numerous causes of
gastroparesis, Diabetes Mellitus remains the most common identifi-
able cause, overall most common cause being idiopathic. The term
gastroparesis diabeticorum as given by Kassander translates to ‘stom-
ach paralyses after incidental discovery of asymptomatic gastric re-
tention in patients of moderate to severe diabetes. Delayed gastric
emptying (GE) in Diabetes may arise due to antral hypomotility and/
or pylorospasm which is attributed to either vagal neuropathy or en-
teric neuromuscular dysfunction. Cardinal symptoms of gastroparesis
are nausea, vomiting, early satiety, upper abdominal pain, post pran-
dial fullness, and bloating and weight loss. Diabetic Gastroparesis
(DG) may significantly affect quality of life and also poses a risk of
hypoglycemic and hyperglycemic fluctuations in these patients due
to improper emptying of ingested food into the duodenum. Gastric
emptying studies for solids is more sensitive for detecting gastropa-
resis than for liquids as liquid emptying remains normal till advanced
stages of disease.Although, most of the focus has been on delayed
GE, Diabetes may also result in rapid gastric emptying, which may
also result from vagal neuropathy [3-5].

Diagnosis of gastroparesis

In addition to severity of symptoms and nutritional status of the
patient, the magnitude of delayed Gastric emptying is pivotal in plan-
ning management of DG. Several diagnostic modalities have been
utilized for objective evaluation of gastric emptying viz. Gastric emp-
tying scintigraphy (GES), 13[C] Spirulina breath test, Ultrasonog-
raphy, paracetamol absorption technique, wireless motility capsule,
MRI, and gastroduodenal manometry. However, GES is considered
the “gold standard” for evaluating gastric emptying as it is physiolog-
ical, noninvasive, quantifiable study, which objectively quantifies the
magnitude of gastric retention and aids in more precise assessment
of gastric motility. Although 13[C] Spirulina breath test has shown
strong correlation with results of simultaneously performed GES and
is more popular with the gastroenterologists, its utility may be limit-
ed by faulty results/artefacts arising due to lung or lung diseases and
intestinal malabsorption diseases. GES has been extensively used in
clinical practice as well as in research [3,6-9].

Impact of gastroparesis

The available data indicates that hospitalizations related to gas-
troparesis (including that of diabetic etiology) has been rising since
past 3 decades. Also, patients of Type 1 DM with gastroparesis need
more hospitalizations compared to patients of idiopathic gastroparesis.
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Gastroparesis results in impairment of quality of life (QoL) as in-
dicated by lower mental and physical components of SF-36 scoring
compared to population norms and greater symptom severity is in-
versely related to QoL. The mental health and physical functioning in
patients of DG is poorer compared to that of Idiopathic gastroparesis.
The effect of gastroparesis on mental health is comparable to that of
active inflammatory bowel disease and lower than that of rheumatoid
arthritis. Gastroparesis also results in increased mortality with lower
S-year survival than the overall community population, among which
survival was lower in patients of diabetic gastroparesis [10,11].

Factors affecting Diabetic Gastroparesis

Several characteristics are thought to affect the gastric emptying in
diabetics, like gender, glycemic control, duration of diabetes, type of
diabetes, BMI, etc. but different studies conducted at different centres
across the globe have revealed contrasting results about the effect of
these characteristics on GE. Population based data for Gastroparesis
is scarce and much of the available data is derived from hospital based
studies.

In the population based studies conducted among Diabetics to
evaluate gastroparesis by scintigraphy, women had higher incidence
of gastroparesis than men, with incidence of 30-40% [11]. In a hospi-
tal based study by [12], investigators found delayed GE in 29% and
rapid GE in 2% of the 140 patients of Type 2 Diabetes Mellitus. They
concluded that presence and severity of clinical features do not predict
delayed GE. HbA 1c and BMI were independent predictors of delayed
GE. In addition, delayed GE was also associated with microvascular
and macrovascular complication of diabetes and increased risk of hy-
poglycemic episodes [12]. In their retrospective study which included
129 patients of type 1 and type 2 diabetes mellitus found 36% of the
patients had delayed GE and 22% patients had rapid GE. Howev-
er, delayed or rapid GE were not related to the type and duration of
Diabetes, or HbAlc [13,14] retrospectively reviewed 108 patients of
typel and 2 diabetes mellitus who underwent GES and found that 56%
of the patients had abnormal findings in GE (rapid emptying in 37%,
and delayed emptying in 19% of the patients). Also, UGI symptoms
were associated with gastric motor dysfunction. No significant asso-
ciation was found between Diabetic triopathy, duration of diabetes,
and glycemic control with abnormal GE [14,15]. studied 19 patients
of type 2 Diabetes Mellitus and 6 healthy volunteers, and the results
of their study revealed that gender, age, and duration of Diabetes had
no significant statistical correlation with GE, while HbAlc levels had
positive correlation with GE time (p<0.05), also the gastric emptying
time in the studied diabetic population was significantly slower than
normal subjects (p<0.05) [15,16]. in their prospective study which
included 78 patients of Type 1 DM, and 59 patients of type 2 DM
found that Type 1 DM patients had slower gastric emptying, more
hospitalizations, more gastric stimulator implantations, higher HbAlc
and more anxiety than Type 2 DM patients. Moreover, the GI symp-
tom scores decreased only in type 2 DM patients but not in type 1 DM
patients on follow up at 48 weeks. This study also revealed that gas-
trointestinal symptoms at baseline and follow up at 48 weeks in both
type 1 DM and type 2 DM were not associated with HbAlc, periph-
eral neuropathy, psychological factors, and Quality of Life [16,17].
Studied 34 patients of Diabetes to find out the relationship between
gastric emptying and other characteristics and complications of Dia-
betes. Their study revealed no significant difference between gastric
emptying and gastrointestinal symptoms. However, the prevalence of

autonomic neuropathy was found to be higher in the group with de-
layed T1/2 of the whole stomach emptying. They also concluded that
intima-media thickness of the carotid bulb was significantly greater in
the group of patients with delayed gastric emptying [17,18]. Studied
82 normal subjects and 16 type 2 diabetes mellitus patients for rela-
tionship of early and late glycemic responses with gastric emptying
during an oral glucose tolerance test with 75g glucose drink labeled
with 99mTc-sulfur colloid. They found no difference in GE in the two
groups [18,19]. carried out a study involving 198 gastroparetic pa-
tients (134 of Idiopathic gastroparesis, 64 of Diabetic Gastroparesis)
for assessing correlation between gastroparesis severity (by filling out
questionnaires) and gastric emptying as assessed by scintigraphy. The
study revealed that increasing severity of early satiety and post pran-
dial fullness was associated with increased severity of gastroparesis
and increased gastric retention of a solid meal [19] (Table 1).
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Table 1: Major Hospital based studies and their key findings utilizing GES in Dia-
betics.

Procedure of GES
Patient preparation

Patients planned for GES are advised for overnight fasting, how-
ever, if overnight fasting is not possible for any reason, fasting for
at least 6 hours is recommended before the test. However, patients
may take their medications with some water. After interviewing, ex-
amining, explaining the procedure, and obtaining informed consent,
patient is administered radiolabeled meal followed by serial imaging.
Patient is counseled not ingest any additional food and liquids and
also refrain from smoking till the study is completed.

Meal

Consensus report from the American Neurogastroenterology and
motility society and Society of Nuclear Medicine has proposed a
standard method of procedure for GES, and meal described in this
consensus report proposes a low fat meal for initial screening test
for GE [6]. Egg-white sandwich(EWS) radio labeled with 99mTc is
commonly used meal in the western countries. However, other radio-
labeled meals have also been standardized and used for GES as EWS
may not be an acceptable meal for all. Radiolabeled id/i (savory cake)
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meal can be a good alternative to EWS as >96% of 99mTc sulfur
colloid remains bound to the meal after 4 hours of suspension in simu-
lated gastric fluid. This alternative is especially useful in patients who
have specific dietary restrictions [21]. Radio labeled Chapati (Indian
round bread) has also been standardized and administered for GES
with 90% of the radiolabel bound to meal at all pH levels up to 3
hours [21,22].

Acquisition and interpretation

Results of multiple studies show that imaging up to 4 hours post
meal administration and quantifying gastric retention to be more
appropriate than previously thought varied durations of 60 min to 2
hours, and T1/2(time taken for half emptying of meal from stomach)
(Figure 1). Hence, the guidelines recommend optimal time of imaging
after meal is immediately, 1h, 2h, and 4h. Gastric retention of >60%
of the meal at 2 h and/or >10% of the meal at 4 h is outside the range
of >95% of healthy individuals and these cut-off values are therefore
used to confer a diagnosis of gastroparesis [6] (Figure 2).

Figure 1: Anterior and Posterior images of Gastric Emptying Scintigraphy after ad-
ministration of radiolabeled solid Idli meal in a 60 year old male patient of Type 2
Diabetes Mellitus of 27 years’ duration. After administration of radiolabeled meal,
images were acquired immediately, at 30 minutes, 1 h, 2h, and 4 h. Entire tracer is
seen in the stomach in the first image and is seen passing gradually into intestines.
Images at 4 h reveal normal gastric emptying (retention ~1%).

\

Limitations

It has been observed that acute hyperglycemia may alter gastric
emptying, so it is appropriate to check Fasting Blood Glucose and
ensure values of <275 mg/dl before beginning GES [3]. Certain
drugs may act as confounding factors in GES as they might alter gas-
tric motility. These may GLP-1 analogues (e.g. exenatide), DPP-4
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inhibitors (e.g. sitagliptin), prokinetic drugs (such as cisapride), other
drugs like erythromycin, opiates, tricyclic antidepressants, calcium
channel blokers, etc. Therefore, a detailed drug history is impera-
tive before beginning the GES, and stopping these drugs for certain
time period before GES is prudent for more accurate estimation of
GE time, unless the drug is being prescribed for treatment of gast-
roparesis and GES is performed for response evaluation. Although
having numerous advantages, lack of standardization of the meals
used for GES, patient positioning, frequency and duration of imaging
may limit the utility of this test making the results less comparable,
and difficulty in interpretation across the institutions. However, these
limitations can be largely overcome by performing the study by fol-
lowing the consensus recommendations published by an established
agency or society [6,23].

Figure 2: Anterior and Posterior images of Gastric Emptying Scintigraphy of 47 year
old male patient of Type 2 Diabetes Mellitus of 10 years’ duration. After administra-
tion of radiolabeled meal, images were acquired immediately, at 30 minutes, 1 h, 2h,
and 4 h. Entire tracer is seen in the stomach in the first image. Images at 4 h reveal
delayed gastric emptying (retention ~ 29%).

i\ J

Radiation dose considerations

The radiation dose delivered to the patient in 1 gastric emptying
scintigraphy using 500microCi of 99mTc Sulfur colloid is 0.51mSv
and 0.62mSv for males and females respectively the approximate ef-
fective radiation dose in one Chest X-ray is 0.1mSv.

Reproducibility of GES and its use in assessing treatment
response

GES is a valuable tool in assessing response to treatment in gas-
troparesis. Although other indices based on symptom severity have
been used widely, GES can provide deeper insight by quantifying
the retention of meal in the stomach. Heckert et al. performed GES
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in their study of 34 patients with gastroparesis (29 idiopathic and 5
diabetic) for assessing improvement in symptoms on treatment with
domeperidone at baseline and 6 weeks of treatment and found im-
provement in symptoms of gastroparesis [24]. Studied reproducibility
of GES in 60 patients with upper GI symptoms on two occasions at
an average interval of 15 days and concluded that gastric emptying
measured with scintigraphy is relatively reproducible [5].

Discussion

Delayed gastric emptying is a known complication of Diabetes
and associated with impaired quality of life and significant morbidity
and mortality. Patients of DG may remain asymptomatic in presence
of delayed GE. Objective measurement of GE is essential for plan-
ning management for better patient outcomes. GES is the gold stan-
dard test to evaluate DG by virtue of its simplicity and objectivity and
other available diagnostic modalities either need further validation or
provide only an estimate of gastric emptying. Much of the data avail-
able on gastroparesis is based on the hospital based studies. Major
studies on gastroparesis and factors affecting gastroparesis have uti-
lize GES with varied results. It is noteworthy that GES can also guide
in the assessing response to therapy in patients of gastroparesis treat-
ed by pharmacological interventions or electrical stimulation, as well
as screening patients for emptying who are being considered for man-
agement with certain medications (such as GLP-1 agonists) which
may further delay gastric emptying as it can quantitate the emptying
(and therefore retention). It is necessary to be aware of all factors
which may affect the results of GES like drugs that alter gastric motil-
ity, smoking, history of gastrointestinal surgery, etc which mandates
removing the avoidable confounding factors for accurate results. Sim-
ilarly, meal used in the GES has been an area of debate for long and
it should be kept in mind to use a validated and standardized meal
to avoid any errors in estimating gastric emptying. Egg white based
meal as mentioned in consensus recommendations may not be useful
in all settings due to unavailability of ready-made marketed products
like “Egg beaters”, and it becomes necessary to use meals which is
acceptable to the participants belonging to a particular region. Many
such meals including /dli, Chapati, Oatmeal, etc have been validated
and used for GES. For obtaining best results, it is prudent to follow
consensus recommendations/guidelines while performing GES. This
ensures repeatability and validity of GES.

Future Directions

Diabetic Gastroparesis in a major problem worldwide and it can
be effectively evaluated with scintigraphy techniques, major advan-
tage being that the evaluation involves imaging in a physiological
environment and is reproducible. However, larger multicentric stud-
ies are needed to evaluate various factors affecting GE in Diabetes as
various existing studies examining different parameters have conflict-
ing results in terms of various factors and their effect of GE. Various
types of meals suited to regional dietary habits need to be validated on
a larger population before using them as standard meal.
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