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Background: To diagnose gastroparesis, it is necessary to assess gastric emptying accurately. This study
aims to investigate the role of three-dimensional ultrasonography (3-D US) on the measurement of gastric
volume to evaluate gastric accommodation in healthy patients.

Methods: In this study, 21 volunteers, 46 patients with diabetic gastroparesis (DG), and 22 patients with
postsurgical gastroparesis (PSG) underwent 3-D US after oral administration of 250 mL gastrointestinal
contrast at 2, 30, 60, and 90 min. The volume of the contrast agent in the stomach was then calculated using
the virtual organ computer-aided analysis (VOCAL) (Virtual Organ Computer-aided AnaLysis, General
Electric Medical Systems, Kretztechnik, Zipf, Austria).

Results: In the DG group, the gastric residue volumes at postprandial 60 and 90 min were significantly
higher than those in the healthy group (P<0.05), and the areas under the receiver operating characteristic
(ROC) curve of these parameters were 0.830 and 0.957, respectively. There were significant differences
between the PSG and healthy groups at 60 and 90 min; however, the AUC of gastric residue at 90 min (0.955)
was higher than the AUC at 60 min (0.697).

Conclusions: Therefore, this study showed that the 3-D US is a powerful tool for assessing gastric

emptying and provides a new strategy for diagnosing gastroparesis.
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Introduction the illness can suffer from malnutrition, weight loss, and

o ] ) ) other manifestations, which seriously affect their life and
Gastroparesis is defined by delayed gastric emptying work. The etiology of gastroparesis is generally divided
into 3 categories: postsurgical gastroparesis (PSG), diabetic

gastroparesis (DQG), and idiopathic gastroparesis (IG) (3,4).

despite the mechanical obstruction of the gastrointestinal

tract and presents clinical symptoms including nausea,

vomiting, early satiety, postprandial fullness, bloating,
and upper abdominal pain (1,2). Due to the aggravating

nature of these symptoms, patients with severe forms of
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Therefore, identifying an accurate diagnostic method for
gastroparesis plays a vital role in managing the disease.
Motilin, cholecystokinin, gastrin, vasoactive intestinal
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peptide, 5-hydroxytryptamine, somatostatin and brain-gut
peptide play an important role in the regulation of digestive
tract motor function. Abnormal levels of gastrointestinal
hormones and peptides in blood may play a role in the
pathogenesis of gastroparesis.

Currently, the diagnostic methods for gastroparesis
include the Gastroparesis Cardinal Symptom Index (GCSI)
and the evaluation of gastric emptying. The GCSI scale
is a retrospective evaluation of patients' symptoms in the
2 weeks before developing the disease. The severity of each
symptom is reflected by 0 (not serious) to 5 (very serious),
and the GCSI is determined by the average score of the
symptoms (5). A higher score indicates greater severity.
Many studies used the GCSI to assess the severity of
gastroparesis and the effect of the clinical intervention (6-8).
However, the GCSI can lead to errors in clinical conditions
due to diagnostician subjectivity. Compared to the GCSI,
the evaluation of gastric emptying is more objective.
Gastric emptying is mainly assessed using scintigraphy,
breath testing, wireless motility capsule (WMCs), and
ultrasonography. Scintigraphy is a noninvasive, quantitative,
and accurate measure. Thus, it is considered the gold
standard for clinical diagnosis and experimental research
to determine gastric emptying (9,10). Gastroparesis is
mainly divided into primary and secondary gastroparesis,
in which primary gastroparesis mainly refers to idiopathic
gastroparesis of unknown etiology. The diagnosis of paresis
needs to meet three conditions, namely, delayed gastric
emptying, excluding mechanical obstruction, and the
course of disease >3 months, but it is generally impossible
to judge whether gastric emptying is delayed by clinical
symptoms and objective examination is needed. At present,
the commonly used clinical methods for delayed gastric
emptying include radionuclide scintillation imaging,
wireless power capsule technique and carbon breath test,
among which radionuclide scintillation imaging is the “gold
standard” for clinical diagnosis of delayed gastric emptying.

Nevertheless, the risks of scintigraphy exposing patients
to ionizing radiation, particularly children and pregnant
women, restricts its use. Scintigraphy also requires
specialized, expensive equipment and is, therefore, relatively
costly and not readily available. Breath testing, approved
by the US Food and Drug Administration (FDA), can
replace scintigraphy (11,12). This method is noninvasive
and suitable for repeated use, as it does not require special
equipment and is relatively cheap. Nevertheless, a few
studies revealed that the use of breath testing could present
limitations patients with intestinal malabsorption and liver
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or lung diseases.

Furthermore, "’C spirulina is not always available in
China. Similar to scintigraphy and breath testing, WMCs
have been approved by the FDA for measuring gastric
emptying. Previous studies have shown that the methods
of WMCs are highly consistent with traditional methods
(13,14). The WMC method is noninvasive, accurate, and
has potential for clinical application. However, the WMC
method is restricted by its expense and there being few
manufacturers of the technology. Ultrasonography is highly
practical due to its speed, convenience, suitability for
bedside examination, and low cost. In the 1980s, observation
of gastric emptying was conducted by ultrasound, and
Bateman and collaborators measured total gastric volume
by ultrasound (15). Three-dimensional ultrasonography
(3-D US) is a recently developed novel investigation
technique. This technique is non-invasive and free of
ionizing radiation and provides ease in acquiring volume
data. 3-D US a powerful aid for accurately measuring the
mass and volume of the fetal lungs, thyroid, gallbladder, and
other organs (16-18). 3-D US is accurate and convenient
for volume measurement, and therefore a potential tool
for evaluating gastric volume. In recent years, some studies
have assessed the volume of the stomach by utilizing this
technology (19,20). However, the number of studies and
sample sizes are relatively small, and no diagnostic criteria
were obtained. This study aimed to assess the feasibility of
evaluating gastric emptying in patients with gastroparesis by
3-D US.

We present the following article in accordance with the
STARD reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3972).

Methods
Study design

In this prospective study involving the evaluation of gastric
emptying in various clinical conditions, the subjects were
divided into 3 groups; the healthy group (21 volunteers), the
DG group (46 patients), and the PSG group (22 patients).
3-D US was conducted after an overnight fasting period of
at least 12 h. After oral administration of 250 mL contrast
agent, postprandial gastric volume scans were performed at
Time =2, 30, 60, and 90 min. The volume of the contrast
agent in the stomach was then calculated using the virtual
organ computer-aided analysis (VOCAL) (Virtual Organ
Computer-aided AnaLysis, General Electric Medical
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Systems, Kretztechnik, Zipf, Austria). 3-D US scans were
acquired from seated subjects, and during intervals, they
were able to stand and move around the room. Before the
3-D US, the study subjects received evaluation using the
GCSI, gastroscopy, and upper gastrointestinal radiography.
Evaluation of the GCSI and gastroscopy was performed by
gastroenterologists (J. Tan and S. Shrestha), and evaluation
of the upper gastrointestinal radiography was performed
by a radiologist (T. Lu). Evaluation of 3-D US was
performed by sonographers (J. Shi and Q. Gao) and J. Shi
performed data analysis. When performing the 3-D US,
the technicians were blinded to results from the preliminary
evaluation.

This study was approved by the Research Ethics
Committee of Zhongda Hospital Affiliated to Southeast
University [ZDYJLY (2016) 65], and each participant
provided written, informed consent before enrollment in
the study. All experiments were carried out in accordance
with the Declaration of Helsinki (as revised in 2013).

Patients

The healthy group consisting of 21 healthy volunteers (12
females and 9 males), aged 41.7+5.8 years (34-50 years)
in the 6 months before the study were without symptoms
such as nausea, vomiting, early satiety, postprandial fullness,
bloating, or upper abdominal pain, and did not have a
history of diabetes, thyroid dysfunction, rheumatic immune
disease, gastric or esophageal surgery.

The DG group consisted of 46 diabetic gastroparesis
patients (24 females and 22 males), aged 54.5+19.3 years
(25-82 years). The inclusion criteria required subjects to be
older than 18 years with a history of diabetes and present
with a GCSI >2.3 and delayed gastric emptying confirmed
by objective assessment.

The PSG group consisted of 22 postoperative
gastroparesis patients (11 females and 11 males), aged
66.2+8.6years (48—74 years). The inclusion criteria required
subjects to be older than 18 years with a history of proximal
gastric or lower esophageal surgery and without diabetes,
and present with a GCSI >2.3 and delayed gastric emptying
confirmed by objective assessment.

The objective assessment criteria were as follows: (I)
during gastroscopy, where there was no peristalsis or poor
peristalsis and gastric fluid retention, but the gastroscope
could pass smoothly through the pylorus. (II) During
upper gastrointestinal radiography, where there was no
peristalsis or poor peristalsis, and the stomach was dilated.
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The contrast agent could not pass or could only pass
slowly through the pylorus, and there was an absence of
mechanical pyloric obstruction.

Patients with the following conditions were excluded:
(I) mechanical obstruction of gastric outflow, (II)
gastrointestinal motility affected by medication taken
within 72 hours of the study, (III) diseases including
thyroid dysfunction and rheumatoid arthritis that cause
symptoms of gastroparesis, (IV) poor blood glucose control,
hyperglycemia (blood glucose level >200 mg/dL), (V)
total gastrectomy, (VI) where 3-D we could not probe the
remnant stomach due to it being lifted in the thorax, in the
PSG group.

Oral contrast agents

The commercially available oral contrast agent Xinzhang
(Hugingyutang Pharmaceutical Technology Co., Ltd.,
Hangzhou, China) was supplied as a yellow powder,
formulated from edible rice, soybean, coix seed xanthan
gum, and aspartame with 48 g/pack (sugar-free). Each pack
of contrast agents was stirred in 500 mL warm boiled water
to make a homogeneous semisolid paste.

3-D US data acquisition and analysis

The acquisition and volume calculation of 3-D US was
performed by a commercially available ultrasound system
(Volusion E8; GE Healthcare, New York, USA) and the
VOCAL software (GE Healthcare). The 3-D US system
was equipped with a convex array volume transducer (GE
Healthcare) with a 4-8 MHz extended operating frequency
range and a volume field of view of 90°x85°.

The transducer detected the maximum section of the
stomach. Patients were then required to hold their breath
for 2-5 s to minimize artifacts. Meanwhile, the 3-D model
was applied to acquire the long axis, short axis, and coronal
plane images of the stomach (Figure 14). Next, the VOCAL
software installed on the ultrasound system was enabled,
and the gastric shape curves were manually drawn on the
long axis plane at a 15° rotation angle (Figure 1B). Finally,
after 12 sketches, the VOCAL software automatically
generated a 3-D reconstruction image of the stomach and
its volume (Figure 1C).

Statistical analysis

Results were presented as mean = standard deviation. The
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Coronal plane

Volume =172.84 mL

Figure 1 The 3-D US image acquisition and volume analysis. (A) The long axis, short axis, and coronal plane images of the stomach. (B)

The gastric shape curves. (C) The 3-D image of the stomach. 3-D US, three-dimensional ultrasonography.

Table 1 Gastric residual volume at T, T, T, and Ty, by 3-D US, and statistical analysis

Variable T, (mL) Tso (ML) Teo (ML) Too (ML)

Healthy group 203.8+3.8 111.0£2.9* 51.0+3.0* 15.3+1.2*
DG group 193.3+3.3 119.8+5.6* 90.8+5.6** 65.3+6.5*"
PSG group 115.9+12.4* 81.3+10.1** 74.6+8.2" 64.0+8.0**

*P<0.05 vs. previous time point including T, vs. Ty, Tg VS. Tag Tge VS. Tgoin the same group. *P<0.05 vs. healthy group including DG
group vs. healthy group, PSG group vs. healthy group at the same time point. 3-D US, three-dimensional ultrasonography; DG, diabetic
gastroparesis; PSG, postsurgical gastroparesis; T,, 2 minutes after oral administration contrast agents; T, 30 minutes after oral
administration contrast agents; Tg,, 60 minutes after oral administration contrast agents; Ty, 2 minutes after oral administration contrast

agents.

intragroup difference of measurement data was analyzed
by single factor repeated measurement analysis of variance.
An independent sample 7-test analyzed the intergroup
difference in measurement data. The receiver operating
characteristic (ROC) curve was used to analyze results and
select cut off values. Statistical analyses were performed

with SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

Results

Measurement of the gastric vesidual volume at T, T;,, T,
and T,y in different groups

All subjects in the healthy group and DG group were
examined using 3-D US. Twenty-five patients with PSG
underwent 3-D US, and 3 of these patients were excluded
because the remnant stomach was located in the chest cavity
and could not be detected.

© Annals of Translational Medicine. All rights reserved.

The gastric residual volume in the healthy group was
significantly different at T, T}y, T4, and Ty, (203.8+3.8,
111.0+2.9, 51.0+3.0, and 15.3£1.2 mL) (P<0.05). A significant
difference existed in gastric residual volume in the DG group
at T, Ty, T, and Ty (193.323.3, 119.8+5.6, 90.8+5.6,
and 65.3£6.5 mL) (P<0.05). The gastric residual volume
in the PSG group was significantly different between T,
(115.9£12.4 mL) and T;, (81.3+10.1 mL) (P<0.05), and
between T, (74.6+8.2 mL) and T, (64.0+8.0 mL) (P<0.05).
However, the gastric residual volume in the PSG group was
not significantly different between T;,and Ty, (P>0.05). The
results are shown in Table 1.

Comparison of gastric residual volume in different groups

There was a significant difference in gastric residual volume
measured by the 3-D US between the healthy group and
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Figure 2 The ROC curve for DG at T, and Ty,.. ROC, receiver
operating characteristic; DG, diabetic gastroparesis; AUC, the area
under the ROC curve; T, 60 minutes after oral administration contrast

agents; Ty, 2 minutes after orally administered contrast agents.
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Figure 3 The ROC curve for PSG at T, and Ty, ROC,
receiver operating characteristic; PSG, postsurgical gastroparesis;
AUC, the area under the ROC curve; T, 60 minutes after
orally administered contrast agents; Ty, 2 minutes after orally

administered contrast agents.

the DG group at Ty, and Ty (51.0+3.0 vs. 90.8+£5.6 mL,
15.3£1.2 vs. 65.3£6.5 mL) (P<0.05), respectively. There was
a significant difference in gastric residual volume between
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the healthy group and the PSG group at T}, T, T, and T,
(203.8+3.8 vs. 115.9+12.4 mL, 111.0£2.9 vs. 81.3£10.1 mL,
51.0£3.0 vs. 74.6+8.2 mL, and 15.31.2 vs. 64.0+8.0 mL),
respectively (P<0.05). The results are shown in 7able 1.

Evaluation of gastroparesis by 3-D US

In the DG group, the gastric residual volumes at T', and
Ty were statistically significant for evaluating gastroparesis
(P<0.05). The ROC curve for these 2 variables was applied
to assess DG. The area under the ROC curve of the gastric
residual volume at T, was 0.830, and the cut-off value was
62.7 mL with 81% sensitivity and 86% specificity; the area
under the ROC curve of gastric residual volume at T,
was 0.957, and the cut-off value was 23.6 mL with 89%
sensitivity and 99% specificity. The results are shown in
Figure 2.

The gastric residuals at T, and Ty, effectively evaluate
gastric emptying of PSG (P<0.05). Therefore, the ROC
curves of these 2 indicators were analyzed to evaluate PSG.
As shown in Figure 3, the area under the ROC curve of
the gastric residual volume at Ty, (0.955) was greater than
at Ty (0.697). Both the sensitivity (95%) and specificity
(99%) cut-off value of 25.2 mL at Ty, were higher than
the sensitivity (55%) and specificity (86%) cut-off value of
61.0 mL at T,

Discussion

Since the symptoms of gastroparesis are nonspecific,
delayed gastric emptation occurs in 25-35% of patients with
dyspepsia. Because of the poor correlation between gastric
emptying time, symptom relief and the efficacy of prokinetic
drugs in patients with gastroparesis, improving delayed
gastric emptying is not the end point of gastroparesis
treatment. At present, the clinical treatment of gastroparesis
aims to improve the symptoms and improve the quality of
life of patients, to correct malnutrition, reduce symptoms,
aiming at the etiological treatment as the principle, the
main methods include diet adjustment, drug treatment,
non-drug treatment. The impaired gastric mobility caused
by gastrointestinal diseases can lead to delayed gastric
emptying. Hence, research on gastric emptying is a topic of
focus for physicians and radiologists. Various techniques are
applied to measure gastric emptying, including scintigraphy,
upper gastrointestinal contrasting, magnetic resonance
imaging, ultrasonography, and breath testing. Many studies
have reported that ultrasonography is highly consistent with
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the other measures for evaluating gastric emptying (20-23).
The main ultrasonic methods include the 2-D ultrasound
and 3-D ultrasound gastric volume methods to measure the
whole stomach volume, gastric antrum volume, and gastric
antrum area. o assess gastric emptying, the area or volume
of the stomach or antrum, which was hypothesized to have
a regular shape, was calculated using 2-D ultrasonography
(23-25). However, the shape of the stomach can be
irregular, which may lead to measuring errors using 2-D
ultrasonography. In contrast, the 3-D US can accurately
measure gastric volume and is not restricted by object shape
because it adopts a matrix transducer. In this study, 3-D
US was used to explore the gastric residues of patients and
exhibited outstanding performance.

In many past studies, patients were given experimental
meals with different ingredients (such as scintigraphy
standard meals or high-nutrient liquid) and different
dosages (350 mL, 500 mL, etc.), which led to different
results (19,21,26). In the present study, we used the identical
test meals with identical dosages, a commercially available
oral contrast agent containing the same ingredients in each
pack. After using identical preparation methods, the semi-
solid paste-like contrast agent showed homogeneous high
echo in the ultrasound image and a clear boundary with the
stomach wall, which was more conducive to detecting the
gastric residual amount. Some patients with gastroparesis
cannot consume high amounts of food or consume food
quickly without experiencing extreme discomforts, such
as abdominal pain and vomiting. To ensure that the study
could be carried out without interruption and for the study
subjects to feel comfortable, we used a contrasting dose
of 250 mL and 2 minutes after patients consumed the test
meal as the starting point, based on the pre-test experience.
Gastric emptying in patients is affected by their posture.
In contrast to former studies, patients were tested in a
seated position in this study. The potential advantages
were as follows: (I) the posture is common in daily life,
ensuring more realistic results; (II) stomach gas is located
at the fundus, thus reducing interference of stomach gas on
ultrasound images; (I1I) the contrast agent was concentrated
in the antrum and the distal stomach, which was conducive
to the acquisition of 3-D US images.

Various factors impact gastric emptying; including
gastric accommodation, the pressure difference between the
proximal and distal stomach, the pressure gradient between
the antrum and duodenum, and swallowing movement (27).
In the present study, after the patient was administered the
250 mL test meal, the measured gastric volume was less

© Annals of Translational Medicine. All rights reserved.
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than 250 mL at the starting point time (T),), especially in
the PSG group (115.0 mL). The possible reasons could
be that due to irritation caused by the test meal and the
internal pressure difference, part of the contrast agent, had
been emptied before the starting point; or because in the
PSG group, part of the stomach was located in the chest,
which could not be detected by ultrasound. The measured
data only included the stomach located in the abdominal
cavity.

At present, the parameters for determining gastric
emptying are various gastric emptying times, including 1/4,
1/2, 3/4, and full emptying time (23,28). These indicators
are estimated by plotting the trend of gastric emptying.
Consequently, the method of measuring gastric emptying
using emptying time is not useful in clinical practice due to
its inconvenience and fallibility. In this study, the number of
gastric residues at various time points was directly evaluated
gastric emptying, and the appropriate values were sought to
help diagnose delayed gastric emptying.

Previous investigations have reported that the 3-D US is
highly effective in measuring the stomach volume of healthy
volunteers . In the present work, patients with DG and PSG
were included, providing greater relevance to clinicians.
DG (26,29) is caused by the reduction of autonomic
neuropathy and damaged interstitial cells of Cajal (ICC).
PSG usually occurs following chest or upper abdominal
surgery and is caused by impairment to the vagus nerve
and fold fundus. There is a difference in gastric volume
among 2 patient groups. In this study, the gastric residue
in 3 groups of patients gradually decreased with increasing
time. As shown in Figure 4, the trend of decline is markedly
different. In the healthy group, the descent rate of gastric
residue occurs rapidly from 2 to 90 min. However, in the
DG and PSG groups, the rate is slow, at 2 to 30 min. The
rate further slows after 30 min. Therefore, taking the trend
into account plays a vital role in administering medicine and
high-nutrition meals.

Additionally, the ROC curve analyzed the meaningful
variables, which was useful for the diagnosis of noninvasive
gastroparesis. The gastric residue in the DG group was
significantly higher than that in the healthy group at 60 and
90 min. Both the ROC cutoff point and the area under the
ROC curve (AUC) demonstrated high performance at 60
and 90 min. Interestingly, the AUC was 0.955 in the PSG
group at 90 min, indicating this point can be considered a
high accuracy reference. The cut-off value, sensitivity, and
specificity was 25 mL, 90%, and 98%. However, since the
sample size was small, further research is required to verify
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Figure 4 The trend of gastric residue in 3 groups at different time

points. DG, diabetic gastroparesis; PSG, postsurgical gastroparesis.

the accuracy of these thresholds as diagnostic criteria.

In this study, 3-D US was used to evaluate the gastric
emptying function of subjects in 3 groups (healthy group,
DG group, PSG group) at various time points (T, T5y, Ty,
Tyy) following oral administration of 250ml gastrointestinal
contrast agent. Limitations of this study include the long
measurement period (30 min), which might have resulted
in missing the optimum value for the assessment of delayed
gastric emptying, and that the sample size was small,
possibly indicative of sampling errors.

In conclusion, 3-D US can evaluate gastric emptying by
measuring gastric residue volume and can be useful for the
objective diagnosis of gastroparesis.
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