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ABSTRACT 
Background

In emergency surgery, pulmonary aspiration is a significant anesthetic risk. Traditional 
fasting hours are often unreliable due to physiological stress. This study evaluated 
the utility of point-of-care gastric ultrasound in assessing gastric volume and content 
in an emergency Nepalese cohort.

Objective

To determine the volume, content and cross sectional area of gastric antrum in 
emergency surgeries and to determine if they are correlated with age, fasting hours, 
comorbidity, pain score, body mass index and opioid.

Method 

A prospective cross-sectional study of 145 adult patients was conducted. Gastric 
antral cross-sectional area was measured in the right lateral decubitus position. 
Gastric volume was calculated using validated formula. Gastric content was noted. 
These were correlated with variables using univariate and multivariate regression.

Result

The mean fasting time was 11.05 ± 4.20 hours. However, gastric ultrasound 
revealed that 42.7% of patients had gastric contents (37.9% clear fluid, 4.8% solids).  
Furthermore, 21.4% of patients exceeded the high-risk volume threshold of 1.5 mL/
kg. In the multivariate analysis, advanced age (p = 0.003) and higher visual analogue 
scale score (p =0.03) were independent predictors of gastric volume and gastric cross 
sectional area.

Conclusion

Fasting hours are a poor surrogate for gastric emptiness in emergency settings. One 
in five patients meeting nil per oral criteria remained at high risk for aspiration. We 
recommend the routine use of preoperative gastric ultrasound, especially in older 
patients and those with high pain scores, to individualize airway management.
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INTRODUCTION
One of the perioperative challenges for emergency surgery 
is pulmonary aspiration, as it has 7.6-fold increase in patient 
mortality.1 While elective surgical guidelines safely rely 
on standard nil per oral hours to ensure empty stomach. 
These parameters do not apply in acute care settings. 
Physiological disruption due to acute trauma such as pain, 
anxiety, comorbid conditions and administration of opioids 
can delay gastric emptying.2 Consequently, an emergency 
surgery patient may present with a full stomach, despite 
reporting hours or even days of oral restriction. Patients 
with residual gastric volume (GV) of 1.5 ml/kg or more are 
considered to have a significant risk of aspiration.3

Gastric point of care ultrasound (POCUS) has emerged 
as a high fidelity diagnostic method that allows rapid 
quantitative and qualitative assessment of the gastric 
antrum. By providing image of amount and type of content; 
Gastric ultrasound enables anesthesiologists to modify 
the induction technique, use medications or postpone 
the case depending on the urgency of the surgery.4 While 
gastric ultrasound has gained significant popularity in 
elective surgeries internationally, its routine application 
in emergency surgeries remain scarce. Currently, there is 
a lack of published literature characterizing gastric volume 
via gastric ultrasound within Nepalese population, where 
delays in definitive care, prolonged transfer times and 
unmanaged pre-hospital pain may further compound 
gastrointestinal motility. 

This study aims to provide data by evaluating preoperative 
gastric volume by point of care ultrasound in an emergency 
surgery cohort at a tertiary care center and identify the 
clinical factors associated with a high-risk gastric state.

METHODS
A prospective cross-sectional observational study 
was conducted at the department of Anesthesiology, 
Kathmandu Medical College, Kathmandu, Nepal, from 
December 2024 to November 2025. Ethical approval 
was obtained from Institutional Review Board (approval 
number: 16102024/06) and informed and written 
consent was obtained from all participants. The study 
was conducted in the preoperative holding area. All adult 
patients who gave consent before emergency surgery were 
included in the study. We did not include patients with 
gastroesophageal reflux disease, hiatal hernia, gastric/
duodenal ulcers, history of major gastrointestinal surgeries, 
cognitive impairment, unable to assume required position 
(eg Unstable spine fractures, peritonitis) and pregnancy 
beyond 1st trimester.

Upon recruitment, a detailed history was obtained along 
with fasting duration; pain was assessed with visual 
analogue scale (VAS) score, charts were assessed for 
opioids and comorbid conditions.
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Our department had already conducted a study on gastric 
POCUS, in the previous year. Data collection was performed 
by anesthesiologist well versed with the technique of 
Gastric POCUS. The sample size was calculated based on 
standard deviation from a previous study, 5 where the mean 
gastric volume in right lateral decubitus (RLD) reported was 
42.13 ± 29.06 ml. Using this standard deviation of 29.06, 
we calculated the sample size using the formula, Z1-α/22SD2/
d2. Where, Z1-α/22 is the standard variate at 5% type I error, 
SD is standard deviation and d is absolute precision. We 
calculated the sample size to be 130. To counter 10% drop 
out, we rounded up total sample size to be 145.

The attending anesthesiologists performed all scans in 
right lateral decubitus position (RLD). After affirmation 
of the consent and brief explanation of the procedure, 
we let the patient lie in RLD position for five minutes 
before measurements. The gastric antrum was measured 
in anteroposterior and craniocaudal diameters with 
ultrasound (GE, LOGIQ-e BT 12).

To ensure anatomical consistency, the identification of 
antrum was standardized using left lobe of the liver as an 
anterior acoustic window and abdominal aorta or inferior 
vena cava and superior mesenteric vessel as posterior and 
medial reference landmarks. A still image of the antrum 
was obtained. The antral Cross-Sectional Area (CSA) was 
measured at the level of the aorta by identifying the 
serosa-to-serosa diameters in between peristalsis. In the 
RLD position, gastric contents were categorized into three 
types: 

Empty: The antrum appeared small and collapsed (the 
“bull’s eye” appearance).

Clear Fluid: Anechoic (black) content visible within the 
antrum.

Solid/Thick Fluid: Hyperechoic (bright) or heterogeneous 
content with a “frosted glass” appearance.4 The CSA of 
antrum was calculated using the formula, CSA= (AP × CC) 
× π/4, where AP is anteroposterior diameter and CC is 
the craniocaudal diameter. The gastric volume (GV) was 
calculated using Perlas formula, GV=27 + 14.6 × RLD CSA- 
1.28 × age.3 This is the validated Perlas model derived from 
fasted elective patients undergoing upper gastrointestinal 
endoscopy; a formula specifically validated in emergency 
surgical cohorts is not currently available, and this model 
was used as the best available validated option. When the 
calculated gastric volume yielded a negative value, it was 
truncated to zero.

Our primary aim was to examine the gastric contents, 
volume and CSA in adult patients for emergency surgery to 
identify high-risk patients with gastric volume > 1.5 ml/kg. 
Secondary outcome included, correlation with nil per oral 
hours, pain score, BMI (body mass index), opioid use and 
comorbid conditions with gastric volume and CSA. 
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Figure 1. Aspiration risk among patients presenting for 
emergency surgeries.(N=145)

Categorical variables were expressed in frequencies and 
percentages. Continuous variables were presented as mean 
with standard deviation (SD) or median with interquartile 
range (IQR) as appropriate. Since CSA and gastric volume 
values demonstrated right-sided skewed distributions, 
separate generalized linear models (GLMs) were fitted for 
both outcome variables. Univariate GLM analyses were 
initially performed to evaluate the association of patient 
characteristics, fasting duration, preoperative pain score, 
opioid use, ASA physical status, and comorbidity with 
antral CSA and gastric volume respectively. The variables 
with p < 0.10 in the univariate analysis of the GLM model 
were considered for multivariate analysis. ASA and co-
morbidity were significant in the univariate models, but 
due to multicollinearity and clinical relevance, we included 
co-morbidity in the multivariate model. Comorbidities, age 
and VAS score were finally considered in the multivariate 
analysis for both outcomes. Regression coefficients (β) with 
95% confidence intervals (CIs) and p-values were reported. 
A p < 0.05 is considered significant. All analyses were 
conducted using IBM SPSS Statistics Version 25.

RESULTS
A total of 145 patients who presented for emergency 
surgery were included in the final analysis. The cohort 
was predominantly male (57.9%) with a mean age of 
34.83 ± 12.83 years. The mean BMI was 23.59 ± 3.46 kg/
m2, reflecting a largely non-obese population. Abdominal 
surgeries constituted the majority of cases (46.2%), 
followed by orthopedic and trauma surgeries (17.9%). The 
demographic has been tabulated in table 1. Among the 
participants, Hypertension (HTN) was the most frequent 
isolated comorbidity. Notably, Diabetes Mellitus (DM), a 
key variable for gastric motility was present in 8.9% (n=13) 
of the patients.

The primary outcome of aspiration risk was defined as a 
gastric volume > 1.5 mL/kg. Despite the high mean fasting 
period of 11.05 ± 4.20 hours, 21.4% (n=31) of patients were 
identified as high risk via ultrasound (Fig. 1). Notably, the 
maximum-recorded gastric volume was 957 mL, observed 
in a patient who had met traditional fasting criteria. The 
qualitative and quantitative assessment of the gastric 
antrum in right decubitus position has been depicted in 
table 2.

Table 2. Qualitative and qualitative ultrasound assessment in 
the Right Lateral Decubitus (RLD) position 

Variable Median (IQR) Number (%)

Antral CSA (cm2) 5.8 (4.90, 7.02) -

Calculated Gastric Volume (mL) 71 (60, 83) -

Empty - 83 (57.2%)

Clear Fluid - 55 (37.9%)

Solid Content - 7 (4.8%)

Table 1. Descriptive Statistics of the Study Population (N=145)

Variable Mean ± SD

Age (years) 34.83 ± 12.83

Gender (n, %)

     Male 84 (57.9)

     Female 61 (42.1)

Body Mass Index (kg/m2) 23.59 ± 3.46

ASA Physical Status (n, %)

     I 109 (75.2)

     II 22 (15.2)

     III 14 (9.7)

Opioid Administration (n, %)

     No 91 (62.8)

     Yes 54 (37.2)

Preoperative Pain (VAS Score) 3.52 ± 2.27

Fasting Profiles:

     Fasting (hours) 11.05 ± 4.20

To determine the factors associated with gastric status, 
univariate and multivariate generalized linear models were 
constructed. On univariate analysis, age, VAS pain score, 
ASA physical status and comorbidity were significantly 
associated with increased antral CSA and gastric volume. On 
the other hand, gender, BMI, preoperative use of opioid and 
fasting duration demonstrated no significant association 
with either outcome (Table 3). On the multivariate result 
(Table 4) for both outcomes, patient age and preoperative 
pain (VAS score) were independently associated with higher 
antral CSA and gastric volume. Specifically, each one-year 
increase in age was significantly associated with a 0.24 cm2 
increase in antral CSA (95% CI: 0.12 - 0.35, p < 0.001), and a 
one-unit increase in VAS score was significantly associated 
with a 0.57 cm2 increase in antral CSA (95% CI: 0.04 - 1.10, 
p = 0.03).

Similarly, a one-year increase in age was significantly 
associated with a 2.53 mL increase in gastric volume 
(95% CI: 0.87 – 4.20, p = 0.003) and an 8.28 mL significant 
increase in gastric volume (95% CI: 0.85 - 15.89, p = 0.03) 
with a unit increase in VAS score (Table 4).
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analysis indicate that residual gastric content is present in 
18 to 56% of emergency surgery patients, which aligns with 
the overall 42.7% positivity rate seen in this study.2

The nil per oral guidelines applies only to healthy 
individuals and medically complex patients have different 
gastric emptying time. Our result shows that chronological 
fasting interval is poor indicator of gastric emptying (p= 
0.62) in acute care settings. Similar to our findings, many 
studies have concluded that fasting hours do not correlate 
with gastric content.7-10 Additionally, many patients with 
classical factors for full stomach had empty stomach and 
seemingly normal patients with no history suggestive for 
full stomach had gastric content in the preoperative gastric 
ultrasound.10

Our multivariate model identified age (β=2.53, p=0.003) 
as independent predictor of gastric volume and higher 
antral CSA (β= 0.24, p < 0.001). In our cohort, older age 
may serve as a surrogate for physiological frailty, making 
this population vulnerable to aspiration. This is a significant 
finding especially in aging population presenting for 
emergency surgery with multiple comorbidity, suggest 
extra care to prevent aspiration. Recent evidence 
suggests decline in gastric neuromuscular apparatus due 
degeneration of interstitial cells of Cajal (ICC), which acts 
as gastric neuromodulator cells. This leads to disrupted 
electrical waves and  impaired relaxation. Furthermore, 
there is downregulation of signaling pathways like insulin-
like growth factor 1 (IGF1) and extracellular signal-regulated 
kinase (ERK1/2). Deprivation these signals, lead to gastric 
cellular aging leading to gastroparesis.11 Reduced motility 
due to region specific loss of neurons, coexisting condition 
like diabetes, gastro esophageal reflux disease, chronic 
kidney disease or even due to drugs like anticholinergics 
and opioids leads to delayed gastric emptying in advanced 
age.12-14

Our multivariate analysis demonstrated that higher 
preoperative pain scores on the VAS scale were 
independently associated with both increased antral CSA 
(p = 0.03) and higher gastric volume (p = 0.03). Severe 
pain may trigger increased sympathetic nervous system 
response, leading to a catacholamine release that could 
inhibit parasympathetic- driven gastric motility and antral 
contractility. A study by Hasuo et al, suggests even tolerable 
pain leads to effective halt of normal fundic accomodation 
and antral clearance irrespective of fast duration.15 In a 
developing nation such as Nepal, where patients endure 
long transit time with unmanaged pain, this physiology 
may significantly delay gastric clearance.16

Many factors come into play during emergency surgeries, 
like trauma, preoperative administration of opioids. There 
is conflicting evidence regarding the effect of preoperative 
opioids on gastric volume.2 In our study, we did not find any 
correlation between preoperative administration of opioids 
and gastric volume and cross sectional area of the antrum. 
High BMI, particularly obesity has been another factor that 

Table 4. Predictors of gastric antrum CSA and gastric volume 
using multivariate analysis

Variables                                 Multivariate analysis

CSA (cm2) Gastric volume (ml)

beta (95% CI) p-
value

beta (95% CI) p-
value

Comorbidity

None Reference Reference

HTN -2.57 (-7.11, 1.98) 0.27 - 32.26 (-97.67, 33.15) 0.33

DM 2.97 (-2.90, 8.83) 0.32 36.68 (-47.68, 121.04) 0.39

Others -0.20 (-4.60, 4.21) 0.33 - 0.46 (-63.75, 62.83) 0.99

Age 0.24 (0.12, 0.35) <0.001 2.53 (0.87, 4.20) 0.003

VAS 
score

0.57 (0.04, 1.10) 0.03 8.28 (0.66, 15.89) 0.03

Table 3. Univariate analysis of patient characteristics with 
gastric antrum CSA and gastric volume

Variables                                           Univariate analysis

CSA (cm2) Gastric volume (ml)

beta (95% CI) p-value beta (95% CI) p-value

Gender

Male 0.78 (-1.90, 3.46) 0.57 13.23(-23.84, 50.31) 0.48

Female Reference Reference

ASA

1 Reference Reference

2 - 0.10 (-3.68, 
3.49)

0.96 -12.87(-62.11, 
36.36)

<0.001

3 8.68 (4.41, 12.95) <0.001 110.9(51.1, 170.7) 0.61

Comorbidity 0.88

None Reference 0.08

HTN 0.91 (-3.62, 5.44) 0.69 0.09 0.88

DM 6.60 (0.58, 12.61) 0.03 75.80(-8.72, 160.3) 0.08

Others 4.45 (0.43, 8.48) 0.03 48.85(-7.70, 105.39) 0.09

Opioid

Yes 0.77 (-2.0, 3.50) 0.58 13.77(-24.09, 51.62) 0.48

No Reference Reference

Age 0.23 (0.14, 0.33) <0.001 2.52 (1.14, 3.89) <0.001

BMI .11 (-0.28, 0.50) 0.57 0.34 (- 5.00, 5.66) 0.90

Solid 
fasting 
(hours)

0.08 (- 0.24, 0.40) 0.62 1.10 (- 3.28, 5.47) 0.62

VAS 
score

0.63 (0.06, 1.20) 0.03 8.87 (0.89, 16.86) 0.03

DISCUSSIONS
In this study, quantitative measurement of the gastric 
antrum revealed that 21.4% patients presenting for 
emergency surgery with mean fasting time of 11.05 ± 
4.20 hours had > 1.5 ml/kg of gastric volume. This volume 
has been regarded has high risk for aspiration. Literature 
shows emergency surgery carries an aspiration risk that 
is 4.5 times greater than elective surgery.6 A recent meta-
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has been studied for association with high-risk stomach for 
aspiration.17 However, our result shows no association. The 
reason could be the fact that our cohort had a mean BMI of 
23.59 ± 3.46 (range 18.5 – 45.0).

Regarding additional clinical characteristics, the correlation 
identified in univariate analysis between ASA Class III status 
and increased volume (β=110.9, p < 0.001) underlines 
the high risk of aspiration associated with patients with 
uncontrolled comorbid patients. This association, is often 
due to metabolic condition such as Diabetes Mellitus, 
which impacts the autonomic nervous system of the 
gut.18-20 Diabetes Mellitus was one comorbid condition 
that achieved univariate significance (p =0.03). There is 
evidence suggesting that chronic autonomic neuropathy 
coupled with acute surgical stress delays gastric antrum 
and therefore, increases the risk of aspiration.21 This risk 
is highlighted by our maximum recorded volume of 957 
ml, that occurred in multimorbid patient despite prologed 
fasting. Owing to collinearity with ASA class, comorbidity 
was taken into multivariate analysis. However, comorbidity 
was not retained within our multivariate analysis (p =0.39). 
This could be due to relatively low number of patients 
presenting with confirmed comorbidities like Diabetes 
Mellitus (n = 13) and chronic kidney diseases. Small 
subgroup reduces statistical power to detect a significant 
independent effect. Secondly, physiological factors such 
as acute sympathetic and neuroendocrine disruption due 
to pain and stress associated with aging may act as more 
dominant inhibiting factors for gastric motility.22

One of the other risk factor for increased probability for 
full stomach was emergency surgery of the abdomen 
including gynecological. Our study population was 
45% were posted for emergency abdominal including 
gynecological emergency surgeries. This could be the 
major reason for our median (IQR) CSA to be 5.8 (4.9, 
7.02) cm2. Some authors have described a threshold of 
4.46 cm2 measured in semi recumbent position.7 One of 
the recent studies have calculated a cut off > 9.72 cm2 with 
a sensitivity of 100% and specificity of 87% calculated in 
right lateral decubitus position.23 A recent, study by Perlas 
suggests using 10 cm2 as a cut off for aspiration risk.24 Our 
measurement was all performed in right lateral decubitus. 
The RLD position is the most sensitive for detecting low-
volume fluid and distinguishing between “empty” and 
“low-risk” stomachs. By utilizing the RLD exclusively, we 
ensured a high sensitivity for our primary outcome (> 1.5 
mL/kg), providing a more realistic assessment of aspiration 
risk than supine-only measurements.

The clinical implication of this study is beyond perioperative 
safety, this represents a paradigm shift in acute surgerical 

care management. In resource limited setting cost of 
ultrasound is negligible whereas the morbidity of aspiration 
pneumonia is immense. In our cohort 21.4% had full 
stomach despite fasting more than 11 hours necessitates 
a reevaluation of nil per oral guidelines for unplanned 
surgery. Integration of gastric POCUS in preoperative 
evaluation strengthens the medicolegal documentation, 
anesthesia care and patient outcome.

This study has several limitations. As a single-center, cross-
sectional study, our findings may not be generalizable 
to other settings, and causal relationships between 
predictors and gastric content cannot be established due 
to cross sectional design. Gastric ultrasound is operator-
dependent, and we did not perform an interobserver 
reliability assessment; all scans were performed by a 
single trained operator to minimize variability. We also 
did not validate our ultrasound-derived volumes against 
a gold-standard method such as computed tomography, 
endoscopic aspiration, or direct gastric aspiration. While we 
identified several independent predictors, the emergency 
setting involves complex interactions between anxiety, 
medications and pathology that are difficult to isolate 
perfectly. The small sample size of specific comorbidities, 
such as negligible patients with chronic kidney disease, 
warrants larger multicenter studies in the Nepalese 
population to refine these sub-group risks. We have not 
included population such as obstetrics, morbidly obese 
patients. Finally, we observed an extreme volume in one 
case which, though necessary to report, can skew our data; 
however, we utilized multivariate regression to minimize 
the impact of this outlier.

CONCLUSION
Preoperative gastric ultrasound is a superior tool for 
aspiration risk stratification compared to the traditional 
assessment of fasting hours in emergency surgery. In our 
population, advanced age and preoperative pain score were 
significantly more predictive of a full stomach.  Rather than 
relying on history of last intake of food, we recommend the 
integration of gastric POCUS into the standard preoperative 
evaluation of all emergency surgical patients, particularly 
those with high pain scores or significant comorbidities, to 
guide the decision between standard induction and Rapid 
Sequence Induction (RSI).
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