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Abstract

Background: Diabetic gastroparesis increases the risk of reflux and macro-aspiration during 
surgery. This study evaluated the predictive role of gastric antral ultrasound in identifying these 
events in diabetic gastroparesis patients undergoing surgical procedures. Materials and Meth-
ods: A cross-sectional study was conducted on 60 diabetic gastroparesis patients at Binhai 
County People’s Hospital (June 2023–June 2025). Gastric antral ultrasound was performed 
using a SonoSite M-Turbo system, measuring cross-sectional area (CSA), gastric volume (GV), 
and GV-to-weight ratio (GV/W). Reflux was defined as pharyngeal pH >4, and macro-aspi-
ration was confirmed via bronchial assessment. Statistical analysis (SPSS 27.0) included in-
dependent t-tests, chi-square tests, and logistic regression. Results: Among 60 patients (34 
male, 26 female; mean age 48.19 ± 7.23 years), 9 (15%) experienced reflux (n=6) or mac-
ro-aspiration (n=3). Patients with events had significantly higher CSA (3.28 ± 0.35 vs. 3.07 
± 0.29 cm², P=0.038), GV (12.15 ± 3.28 vs. 10.12 ± 2.76 mL, P=0.013), and GV/W (0.17 ± 
0.05 vs. 0.15 ± 0.04 mL/kg, P=0.022). Postoperative SpO2 was lower (94.89 ± 2.11% vs. 97.45 
± 1.88%, P<0.001), and gastric protease levels were higher (62.78 ± 10.92 vs. 55.88 ± 11.34 
ng/mL, P=0.006) in affected patients. Logistic regression confirmed CSA (OR=1.45, 95% CI: 
1.02–2.06, P=0.039), GV (OR=1.22, 95% CI: 1.04–1.43, P=0.015), and GV/W (OR=1.38, 95% 
CI: 1.03–1.85, P=0.031) as significant predictors. Conclusion: Gastric antral ultrasound effec-
tively predicts reflux and macro-aspiration risk in diabetic gastroparesis patients, with elevated 
CSA, GV, and GV/W serving as key indicators. These findings support preoperative ultrasound 
screening to mitigate perioperative complications.
[GMJ.2025;14:e4001] DOI:10.31661/gmj.v14i.4001
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Introduction

With the increasing prevalence of di-
abetes worldwide, diabetes related 

complications have become a major public 
health burden. Among them, diabetic gast-

roparesis (DGP) is a common gastrointestinal 
problem in diabetic patients, which can lead 
to abnormal gastric function under the influ-
ence of continuous high-level blood glucose, 
mainly manifested as delayed gastric empty-
ing, belching, abdominal distention, nausea, 
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vomiting, anorexia and other symptoms, es-
pecially after meals [1]. DGP will affect drug 
absorption to a certain extent, hinder normal 
eating, and then prolong the course of disease 
and endanger the quality of life. It is report-
ed that about 5-12% of diabetic patients are 
accompanied by gastroparesis [2]. Its core 
pathological characteristics are gastric antral 
motility decline, gastric electrical rhythm 
disturbance and gastric pyloric duodenal co-
ordination disorder, resulting in significantly 
delayed emptying of gastric contents. In this 
pathological state, when patients face surgical 
operation, the risk of perioperative reflux as-
piration will rise sharply. Once the contents 
of the stomach reflux to the throat and aspi-
ration into the lower respiratory tract, it can 
induce pneumonia, acute respiratory distress 
syndrome and other serious diseases [3, 4].
In current clinical practice, there are still great 
limitations in the evaluation of gastric empty-
ing status and aspiration risk of surgical pa-
tients. 
Traditional qualitative evaluation methods are 
subjective and lack of objective quantitative 
indicators. While nuclide gastric emptying 
imaging, the recognized "gold standard" for 
the assessment of gastric emptying function, 
is highly accurate, it is difficult to implement 
routinely before surgery due to its expensive 
equipment, complex operation and radia-
tion exposure risk. As a new noninvasive, 
real-time and reproducible bedside tool, ul-
trasonic cross-sectional area (CSA) measure-
ment of gastric antrum shows good potential 
in the evaluation of gastric contents in healthy 
people and some patient groups (such as dia-
betes mellitus, cesarean section, obesity) [5, 
6]. However, its value in accurately predicting 
the risk of reflux aspiration in DGP, a special 
high-risk group, remains to be further clari-
fied.
It should be noted that the gastric emptying 
disorder in patients with DGP is not homo-
geneous, which often manifests as the asyn-
chrony of liquid and solid emptying (the liq-
uid may be relatively normal, while the solid 
is significantly delayed), and is dynamically 
affected by blood glucose fluctuations, the de-
gree of neuropathy, drugs and other factors. 
Existing studies mostly focus on using ultra-
sound to predict "whether the stomach is full" 

[7] or "delayed emptying" [8], but the rela-
tionship between "gastric content status" and 
"actual reflux aspiration" is not simple linear. 
The occurrence of aspiration is also highly 
dependent on many factors, such as the func-
tion of the lower esophageal sphincter, airway 
protective reflex, anesthesia operation and so 
on [9]. 
At present, there is a lack of high-quality re-
search to clearly establish the quantitative re-
lationship and predictive threshold between 
specific ultrasound parameters (such as gas-
tric antrum CSA, gastric content volume, dis-
tribution pattern, peristaltic wave frequency / 
amplitude, etc.) and perioperative actual re-
flux aspiration events in patients with DGP. 
In addition, the existing guidelines are often 
"one size fits all" for the preoperative fasting 
recommendations of DGP patients, lacking in-
dividualized risk stratification strategies based 
on objective gastric function assessment. It is 
urgent to explore whether quantitative indi-
cators based on gastric ultrasound can build 
an effective prediction model or risk scoring 
system to accurately identify "extremely high-
risk reflux aspiration individuals" in DGP pa-
tients, so as to guide individualized anesthesia 
programs (such as selecting awake intubation, 
adjusting induction drugs, extending fasting 
time, and even delaying surgery).
In this context, this study intends to explore 
the application value of gastric ultrasonogra-
phy in evaluating the status of gastric contents 
and predicting the risk of perioperative reflux 
aspiration in patients with diabetic gastropare-
sis surgery, in order to provide a basis for the 
development of evidence-based perioperative 
management plan for patients with DGP.

Materials and Methods

Study Design
This cross-sectional study evaluated 60 dia-
betic gastroparesis patients undergoing sur-
gery at Binhai County People’s Hospital be-
tween June 2023 and June 2025 to assess the 
predictive role of gastric antral ultrasound in 
identifying reflux and macro-aspiration events 
during procedures. All patients were analyzed 
as a single cohort, with outcomes compared 
between those with and without reflux/mac-
ro-aspiration events.



2 GMJ.2025;14:e4001
www.gmj.ir

Application of Ultrasonography in Diabetes Patients Undergoing Gastroparesis Surgery Xu X, et al.

GMJ.2025;14:e4001
www.gmj.ir

3

Eligbility Criteria
Eligible participants met the diagnostic cri-
teria for diabetic gastroparesis as defined in 
Practical Diabetology (Third Edition), in-
cluding: (1) a history of diabetes exceeding 5 
years; (2) symptoms such as middle and upper 
abdominal discomfort, indigestion, anorexia, 
fullness, repeated hiccups, nausea, vomiting, 
acid regurgitation, belching, or constipation 
persisting for over 2 months; (3) exclusion of 
mechanical obstruction; and (4) presence of 
food residues in gastric juice after a 12-hour 
morning fast. All participants provided volun-
tary informed consent.
Patients were excluded if they had: (1) coma 
due to craniocerebral injury, active gastric 
ulcer, upper gastrointestinal bleeding, prior 
esophageal or gastric surgery, inability to as-
sume the required position for ultrasound ex-
amination, or refusal to undergo ultrasound; 
(2) acute diabetic complications within the 
previous 6 months; (3) pregnancy or lactation; 
or (4) severe liver, kidney, hematological, 
peptic ulcer, cardiopulmonary, mental, or ma-
lignant diseases. Patients unable to complete 
required examinations or adhere to treatment 
protocols were also excluded.
Participants were withdrawn if they: (1) with-
drew for any reason or (2) voluntarily discon-
tinued participation.

Procedures
All patients received hypoglycemic treat-
ment, including blood sugar control, exercise, 
weight management, smoking cessation, al-
cohol limitation, and dietary control. Routine 
preoperative protocols included fasting from 
solid food for 8 to 12 hours (12 to 24 hours for 
severe cases), clear fluid fasting for at least 6 
hours (reduced to 2 to 3 hours for mild cases 
based on individualized assessment), and pre-
operative administration of metoclopramide 
(10 mg, three to four times daily) or domper-
idone (10 mg, three to four times daily). Ad-
ditionally, 40 mg of omeprazole was adminis-
tered orally the night before and the morning 
after surgery.
Gastric antral ultrasound was performed us-
ing a SonoSite M-Turbo ultrasound system 
in abdominal imaging mode with a 2 to 5 
MHz probe. Two qualified anesthesiologists, 
trained in gastric ultrasound, conducted bed-

side assessments with patients positioned in 
the right lateral decubitus position. The gas-
tric antrum was imaged in the mid-sagittal 
plane below the xiphoid process, along the 
deep plane from the left liver lobe to the pos-
terior pancreatic region. The head-tail diame-
ter (D1) and anterior-posterior diameter (D2) 
of the gastric antrum were measured, and the 
cross-sectional area (CSA) was calculated us-
ing the formula CSA = D1 × D2 × π/4. A CSA 
greater than 3.40 cm² [10], indicating gastric 
contents exceeding 0.8 mL/kg, led to imme-
diate suspension of surgery due to high reflux 
aspiration risk. If preoperative fasting viola-
tions were confirmed, surgery was terminat-
ed, and a re-examination was required before 
rescheduling. All surgeries were performed by 
the same physician. An endoscopic standard 
pyloroplasty surgery was performed for all 
patients [11]. 

Study Outcomes
Gastric Emptying Indices: Gastric antral ultra-
sound measured the head-tail diameter (D1) 
and anterior-posterior diameter (D2) to calcu-
late the CSA (cm²), gastric volume (GV, mL), 
and gastric volume-to-weight ratio (GV/W, 
mL/kg). The GV was calculated using the for-
mula GV = 27.0 + 14.6 × CSA − 1.28 × age 
(years) [12]. The GV/W ratio assessed reflux 
aspiration risk, with thresholds: >1.5 mL/kg 
(high risk), 0.8 to 1.5 mL/kg (low risk), and 
<0.8 mL/kg (very low risk) [13].
Preoperative and Postoperative Measure-
ments: These included mean arterial pres-
sure (MAP, mmHg), blood oxygen saturation 
(SpO2, %), pharyngeal pH, and gastric prote-
ase levels (ng/mL). A pharyngeal pH >4 indi-
cated reflux events, with a reference range for 
gastric protease levels of 0 to 55.39 ng/mL.
Incidence: Reflux (pharyngeal) and macro-as-
piration (bronchial) events were recorded. Pa-
tients were categorized based on the presence 
(n=9) or absence (n=51) of reflux/macro-aspi-
ration events.

Statistical Methods 
Data analysis was performed using SPSS 27. 
0. Normally distributed measurement data 
were expressed as mean ± standard devia-
tion and analyzed using independent-sample 
t-tests to compare patients with and without 
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reflux/macro-aspiration events. Categorical 
data were analyzed using chi-square tests. A 
p-value <0.05 was considered statistically sig-
nificant. Logistic regression was used to as-
sess the predictive role of ultrasound-derived 
CSA, GV, and GV/W for reflux/macro-aspira-
tion events.

Results 

Sixty patients with diabetic gastroparesis 
scheduled for surgery under general anesthe-
sia, including 34 males and 26 females, aged 
27-65 years, with an average of 48.19 ± 7.23 
years were evaluated. Of these, 9 patients 
(15%) experienced reflux (n=6, 10%) or mac-
ro-aspiration (n=3, 5%) events, while 51 pa-
tients (85%) had no such events.

Gastric Emptying Indices
Patients with reflux/macro-aspiration events 
had significantly higher CSA (3.28 ± 0.35 
cm² vs. 3.07 ± 0.29 cm², t=2.122, P=0.038), 
GV (12.15 ± 3.28 mL vs. 10.12 ± 2.76 mL, 
t=2.563, P=0.013), and GV/W (0.17 ± 0.05 
mL/kg vs. 0.15 ± 0.04 mL/kg, t=2.347, 
P=0.022) compared to those without events. 
No significant differences were observed in 
preoperative MAP (103.12 ± 11.58 mmHg 
vs. 103.22 ± 11.73 mmHg, t=0.025, P=0.980) 
or SpO2 (97.98 ± 1.65% vs. 98.02 ± 1.63%, 
t=0.073, P=0.942) between groups. Postoper-

atively, patients with reflux/macro-aspiration 
events had significantly higher MAP (108.12 
± 9.76 mmHg vs. 103.45 ± 9.54 mmHg, 
t=2.013, P=0.049) and lower SpO2 (94.89 ± 
2.11% vs. 97.45 ± 1.88%, t=3.876, P<0.001) 
compared to those without events. No sig-
nificant differences were observed in preop-
erative pharyngeal pH (6.53 ± 2.29 vs. 6.51 
± 2.28, t=0.023, P=0.982) or gastric protease 
levels (51.78 ± 13.88 ng/mL vs. 51.66 ± 13.79 
ng/mL, t=0.026, P=0.979) between groups. 
Postoperatively, patients with reflux/mac-
ro-aspiration events had significantly lower 
pharyngeal pH (4.62 ± 1.95 vs. 5.76 ± 2.05, 
t=2.234, P=0.029) and higher gastric protease 
levels (62.78 ± 10.92 ng/mL vs. 55.88 ± 11.34 
ng/mL, t=2.879, P=0.006) compared to those 
without events.  As shown in Table-1.

Predictive Role of Ultrasound
Logistic regression analysis showed that 
higher CSA (OR=1.45, 95% CI: 1.02–2.06, 
P=0.039), GV (OR=1.22, 95% CI: 1.04–1.43, 
P=0.015), and GV/W (OR=1.38, 95% CI: 
1.03–1.85, P=0.031) were significantly asso-
ciated with an increased likelihood of reflux/
macro-aspiration events. 

Discussion

Diabetes is a metabolic disorder causing 
chronic hyperglycemia due to insulin defi-

Table 1. Comparison of Clinical Parameters Between Patients With and Without Reflux/Macro-aspiration 
Events (Mean ± SD)

Parameter With Events (n=9) Without Events (n=51) p-value

CSA (cm²) 3.28 ± 0.35 3.07 ± 0.29 0.038

GV (mL) 12.15 ± 3.28 10.12 ± 2.76 0.013

GV/W (mL/kg) 0.17 ± 0.05 0.15 ± 0.04 0.022

MAP (mmHg) Preoperative 103.12 ± 11.58 103.22 ± 11.73 0.98

MAP (mmHg) Postoperative 108.12 ± 9.76 103.45 ± 9.54 0.049

SpO2 (%) Preoperative 97.98 ± 1.65 98.02 ± 1.63 0.942

SpO2 (%) Postoperative 94.89 ± 2.11 97.45 ± 1.88 <0.001

Pharyngeal pH Preoperative 6.53 ± 2.29 6.51 ± 2.28 0.982

Pharyngeal pH Postoperative 4.62 ± 1.95 5.76 ± 2.05 0.029
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ciency (type 1) or resistance (type 2), with 
emerging evidence implicating excessive glu-
cagon secretion [14]. Its prevalence varies by 
region, influenced by genetics and lifestyle, 
rising with urbanization [15]. Poor glycemic 
control leads to complications, including de-
layed gastric emptying (DGP), affecting up to 
60% of patients and increasing aspiration risk 
during anesthesia [16, 17]. Gastric ultrasound, 
using low-frequency (adults) or high-frequen-
cy (children) probes, assesses gastric volume, 
with fasting levels typically ≤1.5 mL/kg in 
healthy adults, minimizing aspiration risk [18, 
19]. 
Our provides compelling evidence for the 
utility of gastric antral ultrasound in assessing 
the risk of reflux and macro-aspiration in di-
abetic patients with gastroparesis undergoing 
surgical procedures. These findings align with 
existing literature, such as a scoping review 
by Xiao et al. (2021) [20], which highlighted 
the limited and contradictory data on fasting 
gastric content in diabetic patients, underscor-
ing the need for reliable assessment tools like 
ultrasound. Similarly, a meta-analysis by Bal-
dawi et al. (2023) reported increased antral 
CSA and gastric residual volume in diabetic 
patients, supporting the predictive value of 
these ultrasound measurements in identifying 
high-risk individuals [21].
The clinical implications of these findings are 
profound, as they advocate for the integration 
of gastric antral ultrasound into preoperative 
protocols to enhance patient safety in diabetic 
gastroparesis patients. By identifying elevated 
CSA, GV, and GV/W, anesthesiologists can 
implement tailored strategies to mitigate aspi-
ration risks, such as prolonged fasting, phar-
macological interventions like metoclopra-
mide, or rapid sequence induction techniques. 
A study by Sastre et al. (2022) further em-
phasized the importance of ultrasound in di-
abetic patients with dysautonomia, reporting 
a higher prevalence of full stomach (22.9% in 
dysautonomia-positive diabetics vs. 16.1% in 
those without and 13.2% in healthy controls), 
suggesting that this subgroup may benefit 
most from ultrasound screening [22]. Anoth-
er meta-analysis by Simadibrata et al. (2023) 
provided comprehensive evidence of ultraso-
nography’s utility, demonstrating wider antral 
CSA, prolonged gastric emptying times, and 

reduced gastric emptying rates in diabetic 
gastroparesis patients compared to healthy 
controls [23]. Additionally, a study comparing 
diabetic and non-diabetic older adults under-
going total knee arthroplasty found signifi-
cantly higher residual gastric volume in dia-
betics at the second surgery (75.1 ± 43.2 mL 
vs. 35.9 ± 25.9 mL, P=0.002), reinforcing the 
need for ultrasound in this population [24]. 
This study found that the postoperative MAP, 
SpO2, pharyngeal pH in the observation group 
were better than those in the control group. 
This suggests that performing gastric antral 
ultrasound examination and measuring gastric 
contents before anesthesia, and intervening 
based on the measurement results, can reduce 
the patient's stress response and pharyngeal 
pH, gastric protease levels, and ensure patient 
safety. 
This study also found that the incidence of re-
flux and aspiration in the observation group 
was significantly lower than that in the con-
trol group, suggesting that the risk of reflux 
and aspiration in patients undergoing surgery 
for diabetes gastroparesis could be reduced 
by carrying out ultrasonic examination of the 
gastric antrum and evaluating the risk of re-
flux and aspiration. Therefore, adjusting the 
surgical strategy and carrying out relevant in-
terventions can reduce the risk of reflux and 
aspiration. 
The reason for this is that effective risk strat-
ification and volume control can be achieved 
through gastric ultrasound examination, 
where CSA>3.40cm ² is defined as an "un-
acceptable risk" and surgery can be post-
poned accordingly. When GV/W is less than 
0.8 mL/kg, the supine gastric pressure is less 
than the resting pressure of the lower esoph-
ageal sphincter (normal about 15-30 mmHg), 
which can physically block reflux. Although 
conducting gastric ultrasound examination 
cannot directly accelerate gastric emptying, it 
can create an individualized decision-making 
system based on objective indicators, thereby 
accurately identifying hidden high-risk pa-
tients and avoiding blind surgery. At the same 
time, it can also improve the effectiveness of 
conventional intervention measures for in-
flammation, optimize the efficacy of acid sup-
pression drugs, and avoid excessive airway 
manipulation. This decision-making system 
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can effectively block the relevant links that 
affect reflux aspiration (gastric content vol-
ume → reflux dynamics → degree of injury), 
thereby reducing the risk of reflux aspiration 
and synchronously improving physiological 
stress and mucosal injury indicators, provid-
ing evidence-based support for perioperative 
management of DGP patients.

Conclusion

This study confirmed that ultrasound examina-
tion of gastric antrum can accurately identify 
DGP patients who still have high-risk gastric 
retention after routine fasting, and significant-
ly reduce the incidence of reflux and aspira-
tion by delaying surgery until gastric emp-
tying reaches the standard. This study found 
that carrying out ultrasonic examination of the 
gastric antrum and evaluating the risk of reflux 
aspiration in patients with diabetes gastropa-
resis undergoing surgery could reduce the risk 
of reflux aspiration, reduce the stress response 

of patients, and the level of pH and pepsin in 
the pharynx, better maintain the stability of vi-
tal signs, and promote postoperative recovery. 
It is worth promoting. However, it should be 
noted that this study still has limitations such 
as a small sample size, ineffective control of 
confounding factors, strong subjectivity in ul-
trasound examination, and lack of long-term 
prognosis tracking. In the future, the sample 
size can be further expanded by developing 
AI assisted CSA automatic measurement al-
gorithms to reduce human errors, conducting 
research on dynamic monitoring mechanisms, 
and attempting to upgrade intervention strate-
gies to improve the prevention effect of reflux 
aspiration, ensure patient safety, and enhance 
surgical outcomes.
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