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ABSTRACT 

 
Gastroparesis is a disorder characterized by symptoms and evidence of delayed gastric emptying (GE) in the absence of 

mechanical obstruction. Scintigraphy has been considered a "gold standard" for measuring Gastric Emptying Time 

(GET) and retention percentage of radio-labeled food, after four hours of ingestion. To obtain the images, it is recom-

mended, worldwide, the use of the Tougas diet (255 kcal) as a standard meal. The objective of this study was to compare 

the GET and the percentage of retention in the time of 4 h, obtained by scintigraphy using the Tougas diet (255 kcal) and 

the proposed diet (319 kcal). Thirty patients, both genders, aged 23 to 76 years,  were selected, they presenting clinical 

symptoms suggestive of gastroparesis. These parameters were measured for the same patient, but in different days. The 

results showed that the diet fat content used to obtain GE of solid foods by scintigraphy did not influence the retention 

percentage results after 4 hours of ingestion of the radiolabeled food. However, the time of two hours is an important 

parameter to be observed in the result of this examination. In addition, the data suggest that the proposed diet may be 

more efficient for the classification of the severity of GE delay in patients with clinical signs suggestive of gastroparesis. 
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1. INTRODUCTION 

 

Gastroparesis comprises a set of clinical conditions characterized by a delay in the passage of 

food through the stomach and into the small intestine, without evidence of mechanical obstruction 

[1].  

Since 1966, the scintigraphic method has been used for qualitative and quantitative evaluation 

of the first choice of gastric emptying (GE). It is a non-invasive and functional method and, there-

fore, capable of reproducing the physiology of GE.  

In 2008, the scintigraphic method was standardized for GE evaluation of solids in consensus 

published by the American Society of Neurogastroenterology and Motility and the Society of Nu-

clear Medicine. In this consensus, the low-fat diet described by Tougas et al. (2000) to perform this 

examination [2], with images acquisition, immediately after its ingestion and at 60, 120, 180, and 

240 minutes, translating GE by the percentage of radioactive activity (radioactive counts) retained 

in the stomach after 4 hours of the standard meal intake [3]. However, clinical evidence of post-

prandial entrapment in patients with normal GE scintigraphy performed with the Tougas diet [2], 

raised many doubt especially, because this diet did not reflect the usual feeding conditions of these 

patients, as pointed out by other authors [4, 5].  

The objective of this study was to compare the GET and the percentage of retention in the time 

of 4 hours, obtained by scintigraphy using the Tougas diet (255 kcal) and the proposed diet (319 

kcal).  

In order to evaluate the role of the diet, in this study, patients with a dyspepsia clinic stratified 

according to the adopted diet of Tougas [2] and with the inclusion of a higher fat content (diet pro-

posed) were recruited, correlating them with the patients. The relevance of this study lies in the diet 

proposal that best reproduces the clinical condition of the patient, increasing the diagnostic and 

therapeutic accuracy. 

 

2. MATERIALS AND METHODS 
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Thirty patients with clinical suspicion of gastroparesis treated at the Intestine Outpatient Clinic 

of the Alpha Institute of Gastroenterology of the Hospital das Clínicas of UFMG, Belo Horizonte, 

MG, Brazil, were consecutively selected. The inclusion criteria were: clinical symptoms suggestive 

of GE delay and those of exclusion: diabetes mellitus, peptic ulcer, gastric surgery and pregnancy. 

All patients performed solid GE scintigraphy, after 8 hours of fasting, using the Tougas diet and, in 

a second moment, the diet proposed in this study. None of the patients was on medication that inter-

fered with GE. The solid diet of Tougas [6] consisted of an omelet made with two eggs, without the 

egg yolks, marked with 99mTc-colloidal tin (74 MBq / 2mCi), two slices of bread, 30 g of strawberry 

jam, accompanied by 120 mL of water, resulting in a caloric content of 255 kcal. The proposed sol-

id diet consisted of an omelet made with two whole eggs, marked with 99mTc-colloidal tin (74 MBq 

/ 2 mCi), two slices of bread, 30 g of butter, accompanied by 120 mL of water, with a caloric con-

tent of 319 kcal.  

The images were acquired using the Hawkeye gamma camera equipped with Xeleris pro-

cessing station (GE Healthcare, Milwaukee Wisconsin, USA), in the anterior and posterior projec-

tions, immediately after and after 1, 2 and 4 hours of the intake of the radiolabeled diet, being 60 s 

by frame, 140 keV window   20%. The following parameters were estimated: Half-times (T½) of 

emptying (reference value  100 min) [7]; Radioactive activity in the stomach (content retained) as 

a percentage at 2 and 4 hours of ingestion (abnormal: 60% at 2 h and 10% at 4 h) [3]; Delayed 

severity rating at 4 h (mild retention: 11-15%, moderate retention: 16-35% and severe >35%) [4]. 

The results of T½ of GE and retention of the radiolabeled food in the stomach were presented as 

mean and standard deviation. For rejection of the null hypothesis, the Shapiro-Wilk normality test 

was used. Wilcoxon's test for related non-parametric samples was used to compare the groups, and 

Student's t-Test was used for related parametric samples. The values of p <0.05 were considered 

statistically significant. All data were analyzed using SPSS® software version 24. 

 

3. RESULTS AND DISCUSSION  

 
Considering 30 patients who participated in the study, 26.7% were male and 73.3% female. The 

group age ranges from 23 to 76 years old, with a weighted average of 56.7 ± 13.4 years.   
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It was found a difference in the percentage of gastric retention at 2 h between the two diets test-

ed, with a higher precocity when using the proposed diet (p = 0.001), not evidenced at 4 h (p = 0.1) 

- (Figure 1). According to Maurer (2015), the stomach and stomach regions present individual func-

tions in the GE, some patients may present altered GE at 2 h and normal at 4 h and vice versa [3]. 

The early phase of GE analysis of solid foods by scintigraphy (0-2 h) reflects the action of the gas-

tric fundus, while the late phase (2-4 h) reflects grinding by the antrum and propulsion of the food 

to the duodenum. According to Maurer (2015) and Cremonini (2004), if there is a delay of GE with-

in 2 hours, the study may be interrupted, as this result truly confirms a delay in GE [3, 8]. 

Our data showed that all patients with delayed GE at 2 h had a delay at 4 h, without the need to 

maintain the evaluation until 4 h. However, Bonta et al. (2011) reported that reducing the examina-

tion time to two hours represents a loss of sensitivity and reproducibility of the method [9]. Thus, 

the results found suggest that the proposed diet presents greater sensitivity for the diagnosis of re-

tention or and to better reflect the alterations of the stomach as compared to the Tougas diet, allow-

ing the evaluation of the specific therapeutic efficacy for fundus and / or antrum dysfunctions [3].  

 

Figure 1: Percentage of retention of the radiolabeled diet in the stomach, with the two diets 

tested, in the times of 2 and 4 hours. (* P <0.05). 
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Table 1 illustrates the classification of the severity of GE delay according to the sex and type of 

diet administered, showing that in the Tougas diet the patients had a normal delay (<10%) of 33.4% 

and a proposed diet had a delay of  30%. It should be noted that study patients the severe delay was 

10% as in the Tougas diet and a 23.4% in the proposed diet, it was able to point out a greater delay 

severity (almost three times more than the Tougas diet).  

The majority of the patients who presented a delay in time of GE at 2 h, presented a delay at 4 h, 

classified as severe, suggesting that the marked delay may be due to changes in the stomach floor. 

This fact has clinical relevance since the treatment is based on the severity of the symptoms and the 

type of delay, that is, if early, it would be compatible with the antrum alterations and, late, when 

there are alterations in the background.  

The choice of specific prokinetic drugs for each segment could optimize clinical treatment. In 

cases of exceptional severity, including those refractory to any therapeutic approach, the possibility 

of surgical treatment has been considered [10].  

 

Table 1: Classification of the severity of the delay in the EG at 4 hours, according to diet 

and sex. 

  Tougas Diet (255Kcal) Proposed Diet (319Kcal) 

 Male Female Total Male Female Total 

 N % N % % N % N % % 

Normal 2 6.7 8 26.7 33.4 2 6.67% 7 23.3% 30% 

Light 4 13.3 3 10 23.3 2 6.67% 5 16.7% 23.4% 

Moderate 2 6.7 8 26.7 33.4 2 6.67% 5 16.7% 23.4% 

Severe 0 0% 3 10 10 2 6.67% 5 16.7% 23.4% 

Total 8 26.67% 22 73.4% 100% 8 26.67% 22 73.4% 100% 

 

Table 2 shows the T½ values, according to the diet used. We analyzed 28 and 27 patients who 

received the Tougas diet and the proposal, respectively, excluding 5 patients for total T½ >240 min, 
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independently of the diet used and extrapolating the examination time. A higher value of T½ was 

observed when the proposed diet was used. According to the Shapiro-Wilk test used for T½ analy-

sis, the Tougas diet does not have a normal distribution of results (p <0.05), while the proposed diet 

has a normal distribution (p >0.05). Therefore, by applying the Wilcoxon test, the T½ values 

obtained by the two diets presented a statistically significant difference (p <0.05). Obviously, since 

the fat content between the two diets tested was different, it was expected that the proposed diet 

would have a slower T½ because it contained a higher fat content, similarly affecting the percentage 

of retention of the radiolabeled food in time of 4 h. 

 

Table 2: T½ results obtained by scintigraphy with the two diets tested. 

    
n* 

obs*

* 
Mean ± SD Min-Max*** 

Normality 

Test (p) 
 p 

Gastric  

Emptying       

T 1\2 (min) 

 Tougas Diet 

(255kcal) 30 28 85.91±44.36 
37.33-220.49 0.0013 

0.0001 

Proposed Diet 

(319kcal) 30 27 

111.01±43.68 43.58-218.77 0.2789 

 

 

* n = Total number of patients in the study; ** obs = Patients considered in the statistical 

analysis of T½; *** Min-Max = Minimum-Maximum. 

 

According to the Consensus of the American Society of Neurogastroenterology and Motility 

and the Society of Nuclear Medicine, the result of GE scintigraphy of solid foods should be given 

by the retention value of the radiolabelled food, after 4 h of its intake [4]. This consensus does not 

recommend the quantification of EG using T½ due to the irregular shape of the counting curves as a 

function of time, failure to provide information on the distribution of the food throughout the stom-

ach over time and to be quantified by means of a single point on the curve in question [11].  

Figure 2 illustrates the images from patient 3, where the results showed normal GE in the Tou-

gas diet and GE delay in the proposed diet. Figure 2A shows the retention of the radiolabelled food 

in the stomach at the initial time (Time 0) with adequate elimination from the stomach after 4h of 
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ingestion (5% retention). However, with the proposed diet, this patient presented delay of elimina-

tion of the meal used after 4h, with retention of 12% of the material in the stomach antrum (Figure 

2B). 

 

Figure 2:   Scintigraphic images using the Tougas diet (A) and the diet proposed (B) of the patient 

3. The arrows indicate retention of the radiolabelled food in the stomach antrum, in the anterior 

and posterior projections, after 4 h of ingestion. 
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 The scintigraphic images of patient 2 showed a delay of GE in the two diets tested. Howev-

er, with the proposed diet, the delay was considered severe (39%) (Figure 3). It can be observed in 

the diet of Tougas (Figure 3A), accumulation of the radiolabeled food in the antral region of the 

stomach after 4 h of ingestion (retention of 23%). Using the proposed diet (Figure 3B), one can no-

tice the accumulation of the meal used throughout the stomach region. 

 

Figure 3:  Scintigraphic images employing the Tougas diet (A) and the diet proposed (B) of 

patient 2. The arrow indicates accumulation of the radiolabelled food in the stomach antrum 

region after 4h of ingestion. 
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4. CONCLUSION 
 

Obtained results hadn't shown a statistically significant difference between the two analyzed 

diets for percent retention of radiolabelled food after 4 h ingestion. Therefore, contrary to the con-

sensus of the Nuclear Medicine Society and American  Neurogastroenterology and Motility Socie-

ty, the variation of the fat content in the test used did not influence the results of gastric emptying 

of solid food.  

The two hour time after ingestion of the radiolabelled diet have shown a great importance in the 

evaluation of the EG of solid foods, reflecting the kinetics of  GE and the stomach area affected. 

The severity of the delay was better evidenced using the proposed diet, with a higher fat con-

tent, this fact may be useful as a tool for clinical treatment. 
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