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  ABSTRACT  
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sectional area. 

 Monitoring gastric residual volume (GRV) and holding or interrupting 

enteral nutrition for large or elevated GRV has had a firm place in the 

recommendations of critical care nutrition guidelines. The present study 

aimed to assess the feasibility of measurement and the influence of 

critical illness on ultrasound-measured gastric CSA. 46 mechanically 

ventilated patients and 30 older adults were included in this prospective 

trial. All patients were subjected to careful history taking, thorough 

clinical assessment, and standard laboratory investigations. In all 

patients, CSA was measured by ultrasound at the first 24h of admission 

and compared to age and sex-matched healthy controls. Patients had 

significantly larger CSA in comparison to controls [median (IQR): 1.1 

(0.9 to 1.5) versus 0.7 (0.5 to 1.0)]. Patients with septic shock diagnosis 

had the highest gastric CSA. At a cut-off of 0.77, CSA has good 

predictive power for critical illness [AUC (95% CI): 0.72 (0.56 – 0.88)] 

with a sensitivity and specificity of 81 % and 60 %. The current study 

suggested gastric size is significantly affected in critically ill children 

and this needs to be considered when deciding when to start enteral 

nutrition. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Early and optimal enteral nutrition (EN) has been associated with improved clinical outcomes in critically 

ill children [1]. Gastrointestinal dysfunction, including impaired gastric emptying and intestinal dysmotility, 

is a common event during critical illness and can be a consequence of the underlying disease and/or a 

trigger of multi-organ failure [2]. 

 

EN intolerance, a clinical manifestation of delayed gastric emptying, may be secondary to an underlying 

illness or a side effect of some PICU therapies. High gastric residual volume (GRV), abdominal distension, 

emesis, and diarrhea are common clinical findings that may indicate EN intolerance [3]. Main complication 

to impaired gastrointestinal motility in the PICU involve regurgitation or vomiting of gastric contents, 

aspiration and ventilator‐associated pneumonia [4]. 
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Monitoring GRV and holding or interrupting EN for large or elevated GRV has had a firm place in the 

recommendations of critical care nutrition guidelines [5]. Other methods to detect delayed gastric emptying 

and assess feeding intolerance include scintigraphy (as the “gold‐standard” technique), paracetamol 

absorption tests, breath tests, refractometry, ultrasound, and gastric impedance monitoring [6]. The present 

study aimed to assess the feasibility and possible significance of ultrasound-measured gastric cross-

sectional area in critically ill children. 

 

2. Subjects and Methods 

This prospective study was carried out at Emergency PICU, Cairo University Specialized Pediatric Hospital 

from April 2019 to April 2020. The study protocol was approved by the scientific committee of the 

Pediatrics Department, Faculty of Medicine, Cairo University and was approved by the Ethical committee 

of the Faculty of Medicine, Cairo University. Verbal consent was taken from guardians of included 

children. 

 

The study included 46 mechanically ventilated patients. Patients with known immunodeficiency status or 

those having an absolute contraindication to enteral feeding (e.g. surgical patients with intestinal 

obstruction) were excluded. In addition, 30 age and sex-matched healthy children served as controls. 

 

All patients were subjected to careful history taking, thorough clinical assessment, and standard laboratory 

investigations. Pediatric Sequential Organ Failure Assessment Score (SOFA) score was calculated within 

24 hours of admission. This score assesses 6 organ systems: respiratory, hematological, hepatic, 

cardiovascular, neurologica,l and renal. subscorere of 0-4 points is calculated for each component [7]. 

 

In all patients, gastric antral CSA was measured by ultrasound at baseline before the start of feeding was 

performed. The gastric antrum was identified between the left lobe of the liver and the pancreas at the level 

of the aorta and superior mesenteric artery or the inferior vena cava in the midline using a curvilinear probe 

(Philips HD5 machine). All ultrasound measurements were performed in the supine position [11]. Antral 

cross-sectional area (CSA) was calculated in cm2. Another thirty non-critically ill children were recruited 

from the outpatient clinics who were coming to perform ultrasound and after fasting for minimum of four 

hours. 

 

Data were analyzed using SPSS version 22 (IBM© Corp., Armonk, NY). Categorical variables were 

presented as numbers and percentages and intergroup differences are compared using the Pearson chi-

squared test or Fisher’s exact test. Skewed numerical data were presented as median and interquartile range 

and between-group differences are compared using the Mann-Whitney test. Correlation analysis was 

achieved using Spearman correlation analysis. Receiver operator characteristic (ROC) curve analysis was 

used to identify the cut-off and reliability of CSA for prediction of   itical illness. P vA plue less than 0.05 

was considered statistically significant. 

 

3. Results 

The present study included 46 critically ill ventilated infant and 30 age and sex-matched healthy controls. 

Patients had significantly larger gastric CSA in comparison to controls [median (IQR):1.1(0.9-1.5) versus 

0.7 (0.5-1)] (p value:0.006) seen in Table 1 & figure 1.  Demographic and Clinical characteristics of critical 

infants are demonstrated in Tables 1& 2. 

 

The median age of the critical children was 6 months and the median weight was 6 kilograms, the mean 

+SD pSOFA was 7+3. The most common reason for ventilation was respiratory failure due to pneumonia, 
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followed by coma. The mean duration of ventilation was 15 days with a minimum of 2 days and maximum 

of 120 days. 

 

Patients with sepsis diagnosis had the highest gastric cross-sectional area (1.94±1.14) compared to other 

diagnoses such as pneumonia, cardiac diagnosis or coma, however, the p-value (0.065) was only 

approaching statistical significance (Table-3). 

 

The measured CSA was correlated to pSOFA and hemoglobin level and not to any other electrolytes nor 

duration of stay. 

 

ROC curve analysis to discriminate critical infants and controls had a cutoff point of > 0.72 cm2 with a 

sensitivity of 81% and specificity of 60% to discriminate both groups. (Table 4) (Figure 4). 

 

4. Discussion 

Gastric ultrasonography is a non-invasive and easy-to-use tool, used for pre-operative assessment of gastric 

contents based on both qualitative examination of the gastric antrum and calculation of gastric content 

volume [14- 16], [2]. Bedside gastric ultrasound was validated as a highly sensitive and specific tool to rule 

out a full stomach in clinical scenarios where the presence of gastric content is uncertain, especially in 

emergency operations or procedures requiring anesthesia [8]. 

 

In our study, we found a larger gastric cross-sectional area in critically ill children admitted in the ICU. 

compared to controls affirming the possible gastrointestinal dysmotility accompanying critical illness. In 

preoperative patients in anesthesia research, “At risk stomach” was defined by a calculated gastric fluid 

volume >1.25 mL/kg. This cutoff value has been suggested for the definition of “at‐risk stomach” in 

children [3], [12]. A study by [1] defined "at-risk stomach" by ultrasound visualization of any solid content 

in the antrum and/or by calculated gastric fluid volume > 1.25 mL/kg in children scheduled for elective 

surgery, 

 

There was positive correlation between baseline CSA and pSOFA and in our study. And a negative 

correlation with hemoglobin. GRV was higher in more severely ill medical ICU patients in a study by [6]. 

 

In a recent study, Gastric POCU was superior to Gastric residual volume aspiration to detect the GRV 

versus empty the stomach in critically ill children [20]. 

 

In our study, the absolute CSA measurements at baseline and after 24h. weren’t related to patients’ 

mortality at the end of study in accordance with the conclusions of Faramarzi et al., (2020) who found no 

relation between stomach content and increased rates of VAP, ICU length of stay, and mortality in adults. 

On the other hand, [6] who identified a significant association between ICU illness severity and mortality in 

adults. 

 

Conclusively, the current study suggested that gastric CSA on admission may serve as a possible 

discriminative tool in critically ill children at the emergency department and may influence the decision 

when to start enteral nutrition. The timing of the start of feeding and its influence on the development of 

intolerance or microoperation is an issue that needs to be correlated with stomach motility and possibly its 

size. 

 

Our study has some limitations that need to be mentioned as the small sample size and being single center.  
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POCUS operators obtained supine images, for the fear of dislodgment of endotracheal tubes. The inter-

operator reproducibility was assessed before the study in the healthy control which may have introduced a 

measurement error; however, we only used one POCUS-trained pediatric intensivist to perform the gastric 

POCUS measurements [10]. The learning curve for gastric POCUS is rapid and accurate in other settings 

[19]. The [18] formula that was used to calculate POCUS gastric volume and define gastric content has not 

been validated in infants, so we could not calculate the GRV accurately due to the low of involved children 

and Perlas formula was only validated in adults. MRI would be the gold standard to assess gastric content, 

but both are invasive and difficult to perform in children. Thus, we chose gastric POCUS as a comparator, 

which is reliable and non-invasive. Gastric POCUS is now considered relevant in the latest European 

guidelines on pre-operative fasting when fasting is in doubt or the case of emergency surgery. 

 

Frykholm P, Disma N, Andersson H, Beck C, Bouvet L, Cercueil E, et al. Pre-operative fasting in children: 

a guideline from the European Society of Anesthesiology and Intensive Care. Eur J Anesthesia. (2022) 

39:4–25. 

 

Despite these limitations, this is the first clinical study that has compared gastric POCUS in critically ill 

ventilated children with healthy controls. 

 

Table 1. Demographic characteristics of critical infants and healthy controls: 

Variable (median & IQ) Critical infants (n=54) Control (n=30) P-value† 

Age (months) 6 (3 to 12) 7 (5 to 9) 0.761 

Sex (F/M) 17/37 9/21 0.889‡ 

Weight (kg) 6 (4.5 to 9) 7 (5 to 8) 0.379 

Gastric CSA (cm2) 1.1 (0.9 to 1.5) 0.7  (0.5 to 1.0) 0.0002 

 

Table 2: Clinical parameters of the critical infant’s: 

Variable  Mean SD Minimum Maximum 25th  50th  75th  

HR 148.63 20.15 108 190 137 147 160 

Systolic blood pressure 90.7 11.72 70 116 80.75 91.5 97.5 

pSOFA 
 

7  3 2 14 5 6 10 

 Volume suctioned from NGT 

(ml) 

5 10 0 50 0 2 5 

Abdominal girth(cm) 
 

40.5 6.8 26.0 60.0 36.0 39.0 45.0 

Admission diagnosis Pneumonia 31 57.4% 

Coma 11 20.3 % 

Septic shock 9 16.6 % 

 myocarditis 3 5.5% 

Main system failure Other system organ failure 23 42.6% 

Respiratory failure 31 57.4% 

Duration of ventilation 15 20 2 120 5 9 18 
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PICU stay 24 34 3 212 10 13 26 

 

Table 3: Relation between Measuring group (CSA) and different system failure 

 
CSA mean + SD 

P value 

 
Coma Myocarditis Pneumonia Sepsis 

Baseline 1.22±0.38 1.47±0.46 1.15±0.76 1.94±1.14 0.0679 

After 48 hr. 1.29±0.52 1.21±0.01 1.25±0.77 1.35±0.57 0.9859 

After 50% of feeding 1.5±0.75 1.13±0.53 1.55±0.82 1.41±0.47 0.8678 

 

Table 4. Receiver-operating characteristic (ROC) curve analysis for discrimination between critical infants 

and controls using CSA 

ROC curve parameter CSA 

Area under the ROC curve (AUC)  0.743 

Standard Error  0.055 

95% Confidence interval  0.636 to 0.832 

z statistic 4.431 

Significance level P (Area=0.5) <0.0001 

Youden index J 0.415 

Associated cut-off criterion >0.72 cm2 

Sensitivity 81.5% 

Specificity 60% 

 

 
Figure 1. Box plot illustrating gastric CSA in cases and controls. Box represents the interquartile range. 

The line inside the box represents the median. Error bars represent minimum and maximum values 

excluding outliers (rounded markers) and extreme values (asterisks). 
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Figure 2. Receiver-operating characteristic (ROC) curve for discrimination between critical infants and 

controls using CSA. 
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