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Case Report

Dietary modifications achieved successful resolution of symptoms of gastroparesis diagnosed by demonstrating gastric food retention after overnight fasting in diabetic dialysis patients: two case reports with literature review
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Abstract
Background
Gastroparesis is frequently overlooked and difficult to treat. The diagnosis of gastroparesis requires standard upper gastrointestinal endoscopy to exclude gastric outlet obstruction and objective evidence demonstrating delayed gastric emptying. However, none of the internationally recommended methods for measuring gastric emptying including scintigraphy are covered by the Japanese health insurance system. Limitations in the diagnosis might be related to the disease being overlooked in Japan. Meanwhile, presence of retained food in the stomach after overnight fasting without obstruction is classically known to be suggestive of gastroparesis. Some recent reports have considered gastric food retention after an overnight fasting equivalent to delayed gastric emptying.

Case presentation
Two diabetic dialysis patients presented with nausea, vomiting, and oral feeding intolerance in the absence of mechanical obstruction. Abdominal computed tomography, upper gastrointestinal endoscopy, and ultrasonography demonstrated gastric food retention after overnight fasting. The findings led to the diagnosis of gastroparesis. Appropriate dietary modifications alone successfully relieved the symptoms despite persistent delayed gastric emptying.

Conclusions
Demonstrating retained food residue after fasting for sufficient duration might be a diagnostic alternative. Dietary modifications alone provided significant clinical benefits. Possible approaches for the diagnosis and treatment of gastroparesis in Japan should be investigated.
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Background
Gastroparesis is defined as a syndrome of objectively delayed gastric emptying in the absence of mechanical obstruction and cardinal symptoms including early satiety, postprandial fullness, nausea, vomiting, bloating, and upper abdominal pain [1]. In tertiary referral settings, gastroparesis can be classified into three primary types, namely idiopathic (36%), diabetic (29%), and postsurgical (13%) [1]. Other possible causes of gastroparesis include medication, Parkinson’s disease, collagen vascular disorders, thyroid dysfunction, and chronic renal insufficiency [2]. Gastroparesis significantly impacts quality of life, as it increases healthcare costs and is associated with morbidity and mortality [3–5]. The guideline developed by American College of Gastroenterology presents recommendations for the evaluation and management of patients with gastroparesis [1].
Patients with gastroparesis frequently remain undiagnosed [6]. The diagnosis of gastroparesis requires standard upper gastrointestinal (GI) endoscopy to exclude gastric outlet obstruction and objective evidence demonstrating delayed gastric emptying [1]. The three recommended methods for measuring gastric emptying include scintigraphy, wireless motility capsule, and carbon breath testing. However, none of them are covered by the Japanese health insurance system. Limitations in the diagnosis might be related to the disease being overlooked or even neglected in Japan.
There has been a point of view considering gastric food retention after an overnight fasting equivalent to delayed gastric emptying as with recent reports [2, 7–9]. Thus, demonstrating retained food residue after sufficient duration of fasting might be an alternative to classic gastric emptying studies. Possible approaches include abdominal computed tomography (CT), upper GI endoscopy, and ultrasonography (US). Among them, US seems to be the most feasible approach due to its easy accessibility, relatively low cost, lack of radiation exposure, and noninvasiveness [10].
The first line of treatment includes restoration of fluids and electrolyte, dietary modifications, and optimization of glycemic control in diabetics [1]. Subsequently, pharmacological therapy using prokinetic agents and/or anti-emetics is considered. For patients with refractory symptoms, second-line approaches include feeding jejunostomy and decompressive gastrostomy. Gastric electrical stimulation has not been approved in Japan. While the definition of gastroparesis focuses on impaired gastric emptying, many pharmacological agents including prokinetics and surgical procedures designed to accelerate gastric emptying have shown disappointing results in randomized controlled studies [11, 12]. The limited efficacy of available therapies often leads to frustration of patients and physicians.
The present report describes two diabetic patients on hemodialysis diagnosed with gastroparesis by demonstrating gastric food retention after overnight fasting with abdominal CT, upper GI endoscopy, and US. Dietary modifications alone successfully relieved their symptoms despite persistent delayed gastric emptying.
Case presentations
Case 1
A 74-year-old woman with type 2 diabetes requiring insulin therapy and with a 15-year history of hemodialysis was admitted to our long-term care hospital. Her medical history was notable for a left frontal lobe intracerebral hemorrhage that mildly affected the right side of the body 2 years ago. The medical history also revealed laparoscopic sigmoid colon cancer resection 10 years ago and history of arterioscleroses such as ischemic heart disease, peripheral artery disease, and internal carotid artery stenosis for 15 years, which required stent replacement for each disease entity. Five days after admission, 50 mg sodium ferrous citrate per day was started to improve anemia associated with relative iron deficiency (hemoglobin 9.0 g/dL, transferrin saturation 0.14, ferritin 135 ng/mL) [13]. As a therapeutic diet, a diabetic meal containing moderate amounts of fat was provided. The amount of fiber in every meal prepared in the hospital was generally lower than that in usual meals due to the nature of the institution handling elderly patients.
Ten days after admission, the patient suddenly developed nausea and vomiting. The vomitus was dark-colored and the amount was approximately 2 l in 3 h. She was transferred to the Acute Care Hospital for the investigation of gastrointestinal bleeding. Her hemodynamic condition was stable (blood pressure 153/67 mmHg and a regular pulse rate of 74 beats/min). Upper GI endoscopy revealed no apparent evidence of bleeding except an insignificant gastric angiodysplasia, which was subsequently treated with argon plasma coagulation. She returned to our hospital after successful resumption of oral feeding. The cause of nausea and vomiting was not identified at that time.
Approximately 2 months later, nausea and vomiting recurred along with anorexia. Constipation was controlled with laxatives. Provision of chopped food resulted in no improvement. The symptoms progressively worsened along with oral feeding intolerance and dark-colored vomit in the course of 5 days. Abdominal CT showed a markedly distended stomach despite fasting for 16 h (Fig. 1a). The intraluminal material was partly hyperdense. Upper GI endoscopy revealed a large amount of fluid and food residue in the stomach without significant bleeding or mechanical obstruction (Fig. 1b). On the basis of the endoscopic findings, the gastric hyperdense contents on CT were interpreted as residual medications including sodium ferrous citrate [14]. The aforementioned findings and the clinical course were compatible with gastroparesis. Serum albumin concentration was 2.3 mg/dL. The dietary modifications were performed, including small and frequent meals, soft and well-cooked foods, reduced fat and fiber intake, and avoidance of lying down after meals for at least 30 min [1, 2, 15, 16]. Specifically, half a portion of “low residue diet,” a type of therapeutic diet prepared in the hospital containing reduced fat content less than 20 g a day and lower amount of fiber than other types of meals, less than 10 g a day, was provided three times daily, combined with liquid nutritional supplements as snacks twice a day. Eating frequency added up to five times a day. Soon after the initiation of dietary management, relief of symptoms and sufficient oral intake were achieved. Subsequently, transabdominal US of the stomach was performed. The method is described in detail in the following section. Imaging revealed a distended stomach and solid gastric contents even 14 h after the last meal (Fig. 1c). These findings suggested highly delayed gastric emptying despite the lack of clinical symptoms. Serum albumin levels slightly increased (2.6–2.8 mg/dL).
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Fig. 1Images of the stomach in the present case 1. a Computed tomography scan of the abdomen shows a distended stomach with high-attenuation material. b Upper gastrointestinal endoscopy shows a large amount of food residue. c Sonographic image of the stomach shows a distended stomach with solid gastric contents. All images were obtained after overnight fasting


Several months later, meal frequency was reduced to half a portion of “low residue diet” three times daily and a package of liquid nutritional supplement at the same time. The patient had an uneventful course without symptoms of gastroparesis.
Case 2
An 82-year-old diabetic woman undergoing maintenance hemodialysis was hospitalized at our long-term care hospital for 6 years prior to the author’s arrival at the hospital. Her medical history included initiation of dialysis 10 years ago and right breast cancer surgery with adjuvant tamoxifen 40 mg daily 2 years ago. The patient had received 10 mg of domperidone twice daily for occasional nausea and vomiting since before hospitalization. Two months after the author’s assignment, evocalcet was initiated for secondary hyperparathyroidism.
Approximately 1 year later, persistent nausea and frequent vomiting worsened along with oral feeding intolerance in the course of 2 weeks. Constipation was controlled with laxatives. The symptoms worsened after or even during eating and temporarily ameliorated after vomiting. Upper GI endoscopy showed no remarkable findings 2 months ago. The symptoms and the absence of mechanical obstruction raised a suspicion of gastroparesis partly due to the recent experience with case 1. Serum albumin concentration was 2.6 mg/dL. A regular portion of “low residue diet” was prescribed three times a day. However, it provided no relief from the symptoms. Subsequently, a reduction in meal size from regular portion to half a portion, addition of liquid nutritional supplements as snacks twice daily, and avoidance of lying down after meals for at least 30 min were prescribed as with case 1, resulting in rapid improvement in symptoms. Domperidone was discontinued without worsening of symptoms. Transabdominal US of the stomach revealed findings almost identical to case 1. A distended stomach and solid contents after 14 h of fasting suggested highly delayed gastric emptying despite relief from the symptoms. Serum albumin levels increased (3.2–3.5 mg/dL). Later, meal frequency was successfully reduced to half a portion of “low residue diet” three times daily and a package of liquid nutritional supplement at the same time.
Specific method of transabdominal US of the stomach
On the evening of the day before the examination (at approximately 18:00 PM), patients had a meal consisting of half a portion of “low residue diet,” a type of therapeutic diet in our hospital containing reduced fiber and fat content. After overnight fasting for approximately 14 h, gastric US examinations were performed at 8:30 AM following the standardized gastric scanning protocol described by Perlas et al. [17, 18].
Patients were scanned in the supine position and subsequently in the right lateral decubitus position. A low-frequency 5 MHz curvilinear array probe was used with the GE LOGIQ eV2 ultrasound system (GE Healthcare™, Wauwatosa, WI, USA). The transducer was placed in the sagittal plane in the epigastric region. The gastric body was scanned by moving the transducer from right to left to obtain general qualitative information about the gastric cavity and its content. Subsequently, a cross-sectional view of the antrum was obtained in the parasagittal plane just to the right of the midline. Landmarks such as the left lobe of the liver anteriorly, the head of the pancreas posteriorly, and the inferior vena cava posterior to the pancreas were used to obtain reproducible results. A qualitative assessment of the antrum was performed in this view. The stomach was considered empty if the antrum appeared flat with juxtaposition of anterior and posterior walls. The antrum was regarded as containing fluid when distended walls and hypoechoic content were demonstrated. The antrum was regarded as containing solid when the distended cavity had hyperechoic and inhomogeneous content, typically described as “frosted-glass appearance.”
Discussion and conclusions
Presence of retained food in the stomach after overnight fasting without obstruction is classically known to be suggestive of gastroparesis [2, 7]. A previous study showed a close association between retained gastric food residue and delays in gastric emptying [7]. In the aforementioned study, 25% of the patients with delayed gastric emptying diagnosed with scintigraphy exhibited food retention on endoscopy and 75% of the patients with retained food exhibited delayed gastric emptying. These findings suggest that detection of gastric food retention is a useful surrogate marker of delayed gastric emptying despite not being particularly sensitive. The partial inconsistency between food retention observed on endoscopy and delayed gastric emptying observed on scintigraphy might be associated with the differences in meals consumed prior to the tests and the time intervals from the last meal to testing. Upper GI endoscopy is usually conducted after fasting for 6 or more hours following ingestion of a preferably digestible meal. Scintigraphy for the evaluation of gastric emptying is performed immediately after ingestion of a highly digestive meal and at 1 h, 2 h, and 4 h after the ingestion of the meal [1, 2, 19].
Current studies have demonstrated the utility of US for qualitative and quantitative evaluation of gastric content in the standardized protocol [17, 18]. The findings have recently emerged from the field of the anesthesiology requiring methods for assessing aspiration risk. US can determine the nature of gastric content (empty, clear fluid, or thick fluid/solid) based on the sonographic appearance. Solid content carrying a high aspiration risk is virtually equivalent to gastric food residue. Considering the low sensitivity of endoscopic gastric food retention and the invasive nature of endoscopy, repeated US examinations are beneficial in increasing the probability of detection of gastric food residue in patients suspected of gastroparesis in the absence of endoscopic gastric food retention. Sonographic study in case 2 of the present report actually showed solid gastric content despite the absence of food retention in a previous upper GI endoscopy. Persistent delayed gastric emptying despite relief from the symptoms in the present cases is consistent with the incomplete correlation between symptom improvement and acceleration of gastric emptying [2, 11, 12, 20, 21].
Dietary modifications are the cornerstone of treatment for gastroparesis [1, 2]. Small and frequent meals containing low fiber and low fat content are recommended [1, 2, 15, 16]. As gastric emptying of liquids is often preserved in gastroparesis, increasing the liquid nutrient component of a meal is effective. A recent study showed the efficacy of diets with small particle size [22]. However, practicing appropriate nutritional management might be accompanied with some difficulties including an increased workload associated with meal preparation and reluctance of patients to adopt an unusual eating habit, especially in case of outpatients with mild symptoms [23]. Even within hospitals, meal providing systems and hospital staff might be unable to handle frequent meal preparation efficiently, as experienced by the author. Achieving successful dietary modifications demands a greater understanding and cooperation from patients and the healthcare staff compared to usual diets consisted of three meals a day.
The disease concept of gastroparesis does not seem to be widely known in Japan. The case 1 from the present report was never suspected to have gastroparesis by the concerned doctors. Hence, considering the possibility of gastroparesis might be the most important determining factor for the diagnosis of gastroparesis in Japan despite significant limitations of diagnosing tests. A lack of correct diagnosis leads to inappropriate management. Presumably, promising dietary modifications are not adopted without the diagnosis of gastroparesis due to their inconvenience. Anti-emetics and prokinetics might be easily prescribed for nausea and vomiting without the diagnosis of gastroparesis, despite the problems associated with these drugs. Facile induction of long-term parenteral nutrition related to undiagnosed gastroparesis is also an important concern, especially in latent bedridden patients in long-term care hospitals. The present cases could have followed such a clinical course.
In conclusion, demonstrating retained food residue after fasting for sufficient duration might be a diagnostic alternative. Dietary modifications alone provided significant clinical benefits. Possible approaches for the diagnosis and treatment of gastroparesis in Japan should be investigated.
Literature review
(Epidemiology, pathophysiology, and management of gastroparesis and the similarities to functional dyspepsia)
The true prevalence of gastroparesis in the community is unknown. Previous studies showed that definite gastroparesis, defined as delayed gastric emptying demonstrated by standard scintigraphy and typical symptoms for more than 3 months, had a prevalence of 24.2 per 100,000 inhabitants, and an incidence 6.3 per 100,000 persons per year for the years 1996–2006 in Olmsted County, Minnesota [5]. The cumulative proportions developing gastroparesis were 5.2% in type 1 DM, 1.0% in type 2 DM, and 0.2% in controls [24]. There might be many subjects with gastroparesis remaining undiagnosed in the studies, as scintigraphy was not performed in a large group of patients with gastroparesis-like symptoms. On the basis of predictive models, one study estimated that gastroparesis might affect up to 1.8% of the general population [6]. Moreover, the increasing prevalence of type 2 diabetes might lead to larger numbers of patients with diabetic gastroparesis.
Normal gastric emptying results from the integration of tonic contractions of the proximal stomach, phasic contractions of the antrum, and the inhibitory forces of pyloric and duodenal contractions [25]. These complex phenomena require cooperation between smooth muscle, enteric and autonomic nerves, and specialized pacemaker cells known as the interstitial cells of Cajal. Delayed gastric emptying is derived from disruptions of the mechanisms.
The risk of developing gastroparesis increases with female gender, long-term hyperglycemia, and vagus nerve injury [1, 2, 5, 26]. Female gender is more susceptible to developing gastroparesis compared to males in an approximate 4:1 ratio. Possible explanations for this gender difference include an intrinsically slower stomach in females, elevated levels of sex steroid hormones, loss of neuronal nitric oxide expression, and altered serotonergic signaling [27]. Long-term hyperglycemia leads to abnormalities in regulation of gastric motility and results in diabetic gastroparesis. Proposed mechanisms include vagal dysfunction, interstitial cells of Cajal network disturbances, loss of neural nitric oxide synthase expression in the myenteric plexus, and oxidative stress [28, 29]. Vagus nerve injury usually results from surgical procedures including fundoplication, lung or heart transplantation, esophageal, gastric, and bariatric surgery [1, 30]. Radiofrequency catheter ablation for atrial fibrillation is another possible cause [8, 9].
Pharmacological treatment of gastroparesis usually involves prokinetic agents such as metoclopramide and domperidone despite poor correlation between gastric emptying and severity of gastric symptoms [1, 2, 20, 21]. Erythromycin has been occasionally used off-label in anticipation of a prokinetic effect [1, 2].
Enteral nutrition needs to be considered for gastroparesis patients lacking adequate oral feeding [1, 2, 31]. Parenteral nutrition is generally not needed in terms of etiology. Temporary feeding access can be achieved by insertion of a nasojejunal tube. For long-term feeding, percutaneous endoscopic gastrostomy or surgical jejunostomy followed by placement of a gastrostomy-jejunostomy tube or a jejunostomy tube is preferred.
There is a significant overlap between idiopathic gastroparesis and functional dyspepsia in terms of symptoms and underlying physiological disturbances of stomach function [1, 32]. Abdominal pain or discomfort typically is the predominant symptom in functional dyspepsia, in contrast to predominance of nausea, vomiting, early satiety, and bloating in gastroparesis. However, making a definite distinction between gastroparesis and functional dyspepsia based on symptoms is frequently difficult. Therefore, measurement of gastric emptying is recommended before treatment. In functional dyspepsia, acid suppressive therapy, Helicobacter pylori eradication, prokinetic agents, and neuromodulators can be applied [33]. No standardized nutritional guidelines for functional dyspepsia are available presumably due to the heterogeneous nature of functional dyspepsia [34].
The correlation between gastric emptying and symptom severity is generally poor, as with the correlation between symptom improvement and acceleration of gastric emptying [1, 2, 11, 12, 20, 21]. Recent studies demonstrated that coexisting anxiety and depression correlate with the perceived severity of gastroparesis symptoms [23, 35]. Physiologic testing in patients with gastroparesis suggested that mechanisms other than emptying, such as impaired accommodation and hypersensitivity to gastric distension, contribute to symptoms of gastroparesis [36]. The findings are reminiscent of findings in patients with functional dyspepsia. Gastric accommodation is a vagally mediated reflex following ingestion of a meal, which is associated with reduction in gastric tone along with an increase in gastric volume and gastric compliance [37]. The proposed mechanisms behind hypersensitivity to gastric distension include genetic factors, inflammation, central and peripheral dysregulation, and emotional factors [38]. Considering these recent findings, impaired gastric emptying remaining the defining endophenotype of gastroparesis is not sufficient to explain the complex symptoms and should not be the sole target of therapeutic interventions [11, 12].
Gastroparesis among patients with end-stage kidney disease
Delayed gastric emptying is common in patients with chronic renal failure regardless of cause [39–43]. One study demonstrated that over 30% of patients on hemodialysis have significantly prolonged gastric emptying time [39]. The precise etiology of this dysfunction remains unclear. Possible explanations include uremia-induced neuropathy, electrolyte disturbance, vitamin D deficiency, metabolic acidosis, and anemia [41, 42].
Previous studies showed conflicting results regarding the relationship between delayed gastric emptying and gastrointestinal symptoms in patients with end-stage renal disease (Table 1). Several studies have found associations between delayed gastric emptying and dyspeptic symptoms in end-stage renal disease patients [40–42, 44]. In other studies, no correlation was found between gastric emptying and symptoms [45–47]. Some studies showed that delay in gastric emptying correlated with low serum albumin, a surrogate of malnutrition [39, 41, 48, 49]. As there are only a limited number of studies with a small number of subjects, further investigation is needed.
Table 1Relationship between delayed gastric emptying and gastrointestinal symptoms in end-stage renal disease patients


	Reference
	Assessment ofgastric emptying
	Outcome

	[40]
	13C-octanoic acid breath testing
	Delayed gastric emptying was associated with dyspepsia.

	[41]
	13C-octanoic acid breath testing
	Delayed gastric emptying was associated with dyspepsia.

	[42]
	13C-octanoic acid breath testing and electrogastrographs
	Delayed gastric emptying was associated with dyspepsia in patients with abnormal electrogastrographs.

	[43]
	ultrasonography
	Delayed gastric emptying was associated with dyspepsia in patients with autonomic neuropathy.

	[44]
	Radionuclide technique
	No association

	[45]
	Radionuclide technique
	No association

	[46]
	Radionuclide technique
	No association




Two studies involving short-term follow-up with small numbers of subjects showed increase in plasma or serum albumin concentration following prokinetic therapy in dialysis patients with delayed gastric emptying [48, 50]. There is no evidence that patients with end-stage renal disease are at increased risk of adverse effects of prokinetic agents [51, 52]. However, given potential severe adverse effects, use of the agents should be assessed on a case-by-case basis [51, 53, 54].
A literature search revealed no reports on the effectiveness of dietary management alone in patients with gastroparesis and renal insufficiency. Sporadic reports have shown successful results from different approaches such as gastric electrical stimulation and newer anti-emetics [55–57]. These options are not available in Japan.
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