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Abstract

Gastroparesis is associated with abnormal gastric motility characterized by delayed gastric emptying
without any obvious mechanical gastric outlet obstruction or blockage. Gastroparesis is associated with
significant morbidity and mortality. It is pertinent to make a timely diagnosis of gastroparesis so that
prompt treatment can be initiated. The purpose of this clinical review article is to help the internist and the
primary care providers to get a better idea of various diagnostic modalities used in diagnosing gastroparesis.
We have also discussed the advantages and disadvantages of various diagnostic modalities based on the
latest evidence.
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Introduction And Background

Gastroparesis is associated with abnormal gastric motility characterized by delayed gastric emptying
without any obvious mechanical gastric outlet obstruction or blockage. This results in the retention of
gastric contents leading to several symptoms, commonly including nausea, vomiting, bloating, post-prandial
fullness, and upper abdominal discomfort [1,2].

A systemic review of 13 studies showed that the prevalence of gastroparesis ranged from 13.8 to 267.7 per
100, 000 adults, and the incidence of gastroparesis was 1.9 - 6.3 per 100,000 person-years [3].

Review
Pathophysiology and etiology of gastroparesis

The underlying pathophysiology of gastroparesis focuses on a dysfunctional nervous system in the gastric
apparatus. As a result, many conditions can cause such dysfunction, including diabetes, medications
(narcotics, antidepressants, dopamine agonists, octreotide, calcium channel blockers), post-viral syndromes
(Rotavirus, Norwalk virus), neurologic diseases (Parkinson's disease, multiple sclerosis, autoimmune
disorders, spinal cord injury), post-surgical conditions, infiltrative diseases and connective tissue diseases
like amyloidosis and scleroderma [4, 5]. The most common cause by far is idiopathic. Contributing factors of
gastroparesis include hyperglycemia as studies have shown that acute changes in glucose can accelerate or
delay emptying [6]. Enteric nervous system abnormalities have also been implicated. Plourde et al. showed
that decreased neuronal nitric oxide synthase in rats secondary to drugs or diseases affected gastric motility
[7]. Interstitial cells of Cajal (ICC) play an important role in nitric oxide-dependent signal transduction in
the gastrointestinal tract and the loss of these cells leads to the impaired peristaltic reflex of the intestine.
Diabetes mellitus has a strong association with loss of ICC. Some chronic diseases can cause oxidative stress
leading to a loss of anti-oxidant protection, such as heme oxygenase- 1 due to upregulation. A possible
reversal of this loss can decrease the delay in gastric emptying as revealed in a study [8].

According to a study conducted from 1995 to 2004, gastroparesis was attributed to a 53% increased risk of
diabetes-related hospitalizations [9]. This condition may also increase the risk of other diabetes-related
complications. For example, patients with diabetes who experienced symptomatic gastroparesis were more
likely to develop cardiovascular disease (19.2 vs. 6.4%, P <0.05), hypertension (63 vs. 43%, P = 0.005), and
retinopathy (33 vs. 11.7%, P <0.001) [10]. Complications of diabetic gastroparesis include esophagitis,
Mallory-Weiss tear, electrolyte disturbances, bezoar formation, and hyperglycemic emergencies

[11]. Gastroparesis can also be attributed as a complication of several types of malignancies including gall
bladder, gastric, esophageal, pancreatic, and lung cancers. This cause is relatively underdiagnosed and the
pathogenesis is not fully understood. It could be attributed to malignant infiltration of the autonomic
nervous system, and paraneoplastic dysmotility with autoantibody-mediated destruction of the enteric
nervous system. Sachdeva S, Ghosal et al have demonstrated the increased incidence of gastroparesis in
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patients with cholangiocarcinoma [12].

Parkinson's disease is also an underrecognized cause of gastroparesis. It is believed that the accumulation of
a-synuclein deposits could lead to damage in the enteric neuronal network leading to an impairment in
gastric motility [153].

It is essential to obtain a good history, both clinical and medication history to accurately diagnose and if
possible determine the underlying cause of gastroparesis. Some physical exam findings suggestive of
gastroparesis include abdominal distension, epigastric tenderness, succussion splash, halitosis, and
orthostatic and postprandial hypotension [11]. Although laboratory tests might aid in the diagnosis, imaging
studies are of immense importance in this regard.

A flow chart for the assessment of gastroparesis has been presented in Figure 1.

SECONDARY CAUSES:

1. DRUGS

2. UNDERLYING
DISORDERS

GASTROPARESIS PERSISTS

RULE OUT MECHANICAL OBSTRUCTION

NEGATIVE

FIGURE 1: Clinical Flow Chart for Diagnosing Gastroparesis.

Image Credits: Haider Ghazanfar, Nishant Allena, Nismat Javed

Ruling out mechanical obstruction

The initial step in imaging is to rule out mechanical obstruction prior to obtaining studies. The mechanical
obstruction can be diagnosed by esophagogastroduodenoscopy. Some patients with retained food on
endoscopy might have normal scintigraphic emptying, suggesting relatively preserved postprandial antral
motility to triturate and empty a digestible meal (during scintigraphy) but abnormal inter-digestive antral
motility that impairs emptying from the stomach between meals of particles larger than 2 mm in size

[14]. Other studies include double-contrast upper gastrointestinal radiography|[15]. It can help demonstrate
the presence of a hiatal hernia or any obstruction of the small intestine. It can aid in, but not make a
definitive diagnosis of gastroparesis. The suggestive radiological features include gastric dilatation, retained
gastric content, delayed gastric emptying of barium, and decreased or absent peristalsis [16]. Lastly,
computed tomography enterography combines oral and IV contrast ("dye") with high-resolution x-ray
imaging. magnetic resonance enterography uses an oral contrast dye to highlight the small intestine [17].
These are additional tests that help rule out any mass, ulcer, or stricture present in the gastrointestinal
tract.

Once mechanical obstructions have been ruled out, the next step to obtaining a definitive diagnosis of
gastroparesis is to assess gastric motility.

Gastric emptying scintigraphy

Gastric scintigraphy is a test of choice in diagnosing gastroparesis. By measuring the amount of radioactivity
in the stomach at various time points, gastric scintigraphy is more sensitive to solid food emptying
compared to liquids since liquid emptying remains normal despite advanced disease [11,18]. Prokinetic
medications that delay gastric emptying must be held for at least 48 hours before the test [19]. Tight
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glycemic control should be achieved to minimize interference with gastric emptying. Current guidelines
recommend low-fat egg white meal, labeled with 0.5 mCi tech 99 m sulfur colloid radioisotope within 10
mins and imaging immediately followed by imaging at one, two, and four hours [20]. Ideally, around 40-90%
of food remains at one hour, 30-60% at the end of two hours, and 0- 10% at four hours. Gastric emptying is
considered delayed if there is greater than 60% retention at 2h or 10% retention at 4h. In a study conducted
in Malaysia focusing on 13 patients, one patient showed rapid gastric emptying, three patients
demonstrated delayed emptying in the early phase with normal gastric retention at 4h, and six patients
reported delayed gastric emptying at 4h of the study [21]. Of the six patients, four patients had mildly
delayed gastric emptying (11% to 20% retention). The majority of the patients with nausea and vomiting
(75%) had an abnormal scan [21]. In another study exploring gastric per-oral endoscopic myotomy as a
potential therapy, gastric emptying scintigraphy was used to assess the retention index or propagation ratios
of proximal and distal areas of gastroparesis very accurately [22].

Wireless motility capsule

The wireless motility capsule (WMC) is used to monitor the transit of food from the stomach to the small
bowel by detecting changes in pH from an acidic to an alkaline environment [23, 24]. As with gastric
scintigraphy, medications altering gastric motility and that surpass gastric acid are to be stopped 48 hours
and 72 hours prior to the procedure respectively. The patient consumes a nutrient meal along with the WMC
capsule with pH data interpreted on the receiver worn by the patient. Gastric emptying is defined by the time
from ingestion of the capsule to change in pH by 4 units ideally within five hours. Delayed emptying is
considered when the change in pH happens > 6hrs. WMC had a sensitivity of 59 to 86 % and a specificity of
64 to 81% for gastric paresis [25]. In a study of 107 patients with gastroparesis of which 75 were diabetic, a
wireless motility capsule was used to determine associations with symptomatology. A negative significant
correlation was found between colonic motility index (rs = -0.34, p = 0.012) and symptomatology score.
Negative correlations between the mean pressure of the colon (rs = -0.37, p = 0.007) and upper abdominal
pain were also present [26]. In another study conducted in 2018 on 23 gastroparetics, wireless motility
capsules revealed that the motility parameters fail to significantly increase in the small bowel suggesting
neuropathic changes outside the stomach [27].

13 C breath test

13 C breath test also known as gastric emptying breath test uses stable isotope 13 C labeled substrates. 13C
octanoic acid or 13C spirulina platensis is the most used substrate. It is also noninvasive and unlike
scintigraphy does not use radiation exposure. The meal tagged with 13 C substrate passes through the
stomach, into the duodenum where it is absorbed, metabolized in the liver, and exhaled by the lungs where
it is measured [28]. The rate of gastric emptying of the 13 C substrate is measured by the breath excretion of
13C02 by spectrometry. 13 C breathe test serves as an indirect way of measuring gastric emptying,
dependent on normal bowel, liver, and lung function [29]. 13 C breathe test had about 80% specificity and
sensitivity of 89%.

The sensitivity and specificity of all the above-mentioned tests have been mentioned in Table 1.

Specificity (%) Sensitivity (%)
Wireless motility capsule 59-86 64-81 (28)
13 C breath test 80 89 (29)
Gastric Scintigraphy @ 2H 20 100 (2)
Gastric Scintigraphy @ 4H 70 100 (2)
Gastric Emptying of radiopaque markers 97% 34%

TABLE 1: The sensitivity and specificity of diagnostic tests

Reference: [23] [24] [28] [30] [31]

Gastric emptying of radiopaque markers

Gastric emptying of radiopaque markers is a simple widely available inexpensive study that measures gastric
emptying using fluoroscopy to assess the clearance of multiple small indigestible solid particles. A study
done on 115 patients concluded that the sensitivity and specificity of this test were 34% and 97%
respectively [30]. Compared to other diagnostic modalities it has low diagnostic reliability. Patients with
high clinical suspicion of gastroparesis and a negative gastric emptying of radiopaque markers should
undergo scintigraphy. Radiopaque markers were used in a study based on 45 patients with diabetes mellitus.
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It was affordable and available as compared to emptying studies [31].

Magnetic resonance imaging (MRI) based studies

MRI-based imaging is another promising way of diagnosing gastroparesis. Hayakawa et al. conducted a study
on transplant patients that revealed an association between reduced velocity and prolonged gastric
emptying. Gastric content volume ratios on MRI showed significant moderate positive correlations with
gastric emptying parameters. There were no significant correlations between peristaltic wave frequency and
gastric emptying parameters [32]. In another study by Ajaj et al, patients with gastroparesis showed a lower
motility index compared with the reference volunteer group while the mean motility index of the patient
group with pylorospasm was more than three times higher than that of the reference value of the volunteer
group. However, the gastric motility index in the patient group with gastroparesis increased, and in the
group, with functional pylorospasm/peptic pyloric stenosis, it decreased significantly after therapy [33].

Hepatobiliary iminodiacetic acid (HIDA)

In a specific subset of patients with Roux-en-Y gastric bypass, the caveat is to adopt imaging techniques that
evaluate the bypassed stomach. One of such proposed techniques includes the HIDA scan as discussed in a
case report by Tarakji et al. Hepatobiliary scintigraphy is a noninvasive dynamic study that can evaluate both
functional gastroparesis and anatomic obstruction and leak pathology of the biliopancreatic limb after
Roux-en-Y gastric bypass (RYGBP) [34].

Electrogastrography

Electrogastrography (EGG) is a non-invasive technique that records gastric myoelectrical activity. It is
suspected that 50 to 75% of patients with gastroparesis have at least one abnormality in the EGG [35]. A
reduced percentage of normal slow waves decreased postprandial EGG dominant power and excessive
gastric dysrhythmia are the common abnormalities seen in EGG in patients with gastroparesis [35].
Currently, it is only used on patients enrolled in clinical trials and further studies are needed to establish its
clinical application. In a study conducted in 1993 about the efficacy of cisapride, EGG was used. Twelve of 14
patients had abnormal baseline electrogastrograms that improved after six months of cisapride, in both
idiopathic and diabetic etiologies [36].

The advantage and disadvantage of each of the above modality have been mentioned in Table 2.
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MODALITY

Gastric Emptying
Scintigraphy

Wireless Motility
Capsule

13 C Breath Test

Gastric Emptying of
Radiopaque
Markers

Magnetic
Resonance Imaging
based studies

Hepatobiliary
iminodiacetic acid

Electrogastrography

ADVANTAGES DISADVANTAGES

More sensitive to solid Require a fasting period, cannot be used in emergencies Optimal control of blood
food emptying Real-time glucose levels in diabetic patients is needed. Anaphylaxis to an ingested meals is
imaging with a specific Contraindicated in cases of dysphagia, any oropharyngeal or esophageal stricture, or
number of hours functional abnormality.

Accurate at evaluating

gastric and transit pH in Medications altering gastric acidity will tamper results Contraindicated in cases of
critically-ill patients Non- dysphagia, any oropharyngeal or esophageal stricture, or functional abnormality.
invasive

Non-invasive and does not
require radioactive High chances of false positives and false-negatives

materials

Inexpensive and widely
available Can be used for  Low diagnostic reliability and requires supplementation with other methods
screening and exclusion

Non-invasive Has been studied in specific subgroups
Non-invasive Has been studied in a specific subgroup
Non-invasive Requires further investigation to determine use in clinical setups

TABLE 2: The advantages and disadvantages of diagnostic tests for gastroparesis

Reference: [32], [33], [34]

Antroduodenal manometry

Antroduodenal Manometry is an invasive technique that records stomach and duodenal motility. It has
aided in making a diagnosis with 8-15% of patients [37] with symptoms of unexplained nausea, vomiting,
and abdominal pain. It is particularly useful in diagnosing suspected small intestinal pseudo-obstruction. It
is carried out with the help of either a solid-state catheter or a water-based catheter and more recently high
resolution manometry has been shown to give details on small bowel & pyloric pressure at various stages of
contraction [38].

Diagnosing gastroparesis in a critical care setting

Gastroparesis is an important factor that influences morbidity and mortality in critically ill patients. Sixty
percent of critically ill patients have experienced some form of GI motility. It can lead to complications like
malnutrition, gastroesophageal reflux, and SIBO. A gastrointestinal failure (GIF) score, which is a
combination of intra-abdominal pressure and feeding intolerance was shown to serve as an independent
risk factor for estimating mortality in the ICU in a study conducted by Reintam et al [39].

Gastric emptying scintigraphy is a time-consuming test and is not widely used in practice for diagnosing
gastroparesis in critically ill patients [40]. Paracetamol absorption is another technique that can be used for
gastric emptying assessment [41]. Currently, there is very limited data on it and additional research is
needed for further standardization.

Conclusions

A delay in the diagnosis of gastroparesis is associated with significant morbidity and mortality. Primary care
providers and internists should be aware of various diagnostic modalities that can be used for diagnosing
gastroparesis. Each diagnostic modalities have its own advantage and disadvantage. Physicians should use a
patient-centered approach in choosing a diagnostic modality for the diagnosis of gastroparesis.
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