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INTRODUCTION
Pulmonary aspiration of gastric contents is one of the most feared 

[1]complications in paediatric anesthesia.  Overall incidence of 
anesthesia-related pulmonary aspiration in pediatric population has 

[2] been estimated to be 0.02–0.1%. Risk factors includes both volume as 
well as content of gastric aspirate. Though rare, this can result in 
aspiration pneumonia, chemical pneumonitis, sometimes requiring 

[3]mechanical ventilation.

Recent updates in preoperative fasting guidelines aims shorter fasting 
duration in children upto 1-2 hrs for clear liquids orally, appropriate to 
improve hydration, child comfort and cooperation at time of induction 

[4,5] of anaesthesia. Various studies over time have concluded that 
children have a higher metabolic rate and reduced glycogen stores 
compared with adults, hence prolonged fasting is associated with 

[6,7]irritable, less co-operative child and anxious parents.  Furthermore, 
[7] prolonged fasting is associated with ketoacidosis.  In the era of 

concerns over avoiding prolonged starvation, importance of gastric 
volume and its contents assessment to avoid risk of aspiration in 
elective surgeries may be overlooked at times. Often assessment of 
perioperative aspiration risk relies almost exclusively on clinical 
history which is unreliable in paediatrics. Precise techniques like real 
time USG and MRI (magnetic resonance imaging) are available for 

[8-13]gastric assessment with numerous studies,  yet a need for a feasible, 
easy and valid way of using bedside tools like ultrasonography in the 
operation theatre can aid tremendously helping in perioperative safe 
anaesthetic practice. 

Gastric ultrasonography has recently been proposed as a noninvasive 
bedside technique estimating preoperative gastric contents volume 
(GCV) by measuring antral CSA (Cross sectional area), an indicator 

[19-26]for the risk of paediatric perioperative pulmonary aspiration.  USG 
as a noninvasive, portable equipment is generally available bedside 
and free of adverse effects when performed with caution. With 
adequate training and expertise, indirect assessment of GCV by 
measuring the cross-sectional area of the best visible part, the gastric 

[9]antrum, as a surrogate parameter has proved to be useful.   A study by 
[10]Schmitz et al  concluded that, antral CSA correlated with GCVw 

(body weight corrected GCV) in healthy children over a wide range of 
gastric lling, with the RLD (Right Lateral Decubitus) position is 

clearly superior to SUBE (Supine Upper Body Elevation) position, 
conrming a previously derived formula. Although direct calculation 
of GCVw is imprecise, this technique has the potential to become a 
diagnostic risk assessment test. Hence, we conducted this prospective 
cohort gastric ultrasonography study on fasting children posted for 
elective surgeries to assess the preoperative residual gastric volume in 
RLD position, comparing different age groups to assess any clinical 
benets and age specic variation so as to guide us on which age group 
of children actually need 4 hours fasting before surgery.

We used portable USG for assessing gastric content and volume as 
bedside perioperative tool, along with description of the sonographic 
appearance of the gastric contents, determining CSA, GCV and GCV . w

Thus, trying to determine if there is a numerical correlation between 
various age groups. In view of safety of ultrasonography, we also 
monitored both mechanical and thermal indices for all children 
keeping the values < 1.0 and restricting duration of examination within 
this safe range.

Methodology:
This prospective cohort observational study was undertaken from June 
2017 to June 2018 for one year with approval from our institutional 
ethical committee. Sample size was chosen with condence level of 
95% and 10 % precision. A written informed parental consent was 
obtained. 100 children of American Society of Anaesthesiologists 
(ASA) physical status I-II, aged 2-10 yrs, coming for elective 
surgeries, scheduled as rst case of the day formed the inclusion group. 
Parents not consenting, children with gastrointestinal disorders, 
malnutrition, syndromes were excluded from the study. Children were 
randomly allocated to 4 groups based on their age. 

Table 1: Study group distribution

A routine pre-anaesthetic check-up was done a day prior to surgery. 
After explaining the examination procedure, informed consent was 
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ABSTRACT
Background:Ultrasonographic measurement of gastric antral cross-sectional area(CSA) is an established method to assess gastric emptying with 
the potential to be a noninvasive bedside test for preoperative pulmonary aspiration risk assessment in children. Although direct calculation of 
gastric volume is imprecise in comparison to MRI, it's still simple and valid, useful as a perioperative bedside diagnostic risk assessing tool.
Aims: Gastric ultrasonography in fasting children to assess the reliability of measured gastric antral area in determining preoperative gastric 
volume with respect to age specic variations if any. 
Methodology: Gastric USG was done preoperatively on 100 healthy volunteer children of 2-10 years, classied into 4 age-specic groups 
scheduled for elective surgeries with 4-hour NPO after receiving 50 ml plain milk, subsequently measuring antral CSA, GCV, GCV  and gastric w

content characteristics. Data was analyzed as mean,SD,variation co-efcients and signicance between age groups.
Results: Analyzing 100 children in 4 age-specic groups with Antral CSA, GCV and GCV calculations as chosen parameters for assessment, we w 

noted that though CSA showed no variation in between age groups, GCV and GCVw showed statistical signicance. (p value <0.001) Nature and 
characteristics of gastric contents on USG also correlated with measured parameters. 
Conclusion: As per our observation, gastric sonography is a valid and feasible method to assess paediatric gastric contents and volume 
preoperatively with age specic variations in GCV . Furthur studies are needed to validate gastric sonography routinely prior to surgery in all w

children to dene target population at risk even in electively scheduled prepared patients.

KEYWORDS
USG – Ultrasonography, RLD-Right Lateral Decubitus, CSA-Cross Sectional Area, GCV- gastric contents volume, GCVw - body weight 

corrected GCV.

Group Age Group Sample size
Group A Children between 2 to <4 years 25
Group B Children between 4 to <6 years 25
Group C Children between 6 to <8 years 25
Group D Children between 8 to 10 years 25
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taken. On consenting NPO instructions were given to parents. Volume 
of milk to be given was informed to parents clearly providing a 
measuring cup previous day, to feed plain milk 50ml at 5 am on the day 
of surgery. On the day of surgery at 9.00 am, premedication with 0.05 
mg/kg of midazolam IV as per institutional protocol was given and 
USG was performed.

Flow chart of study methodology

USG technique: 
Ultrasonography assessment was performed with realtime 2D portable 
diagnostic abdominal ultrasonography machine using the paediatric 
linear transducer with a frequency of 5–12 MHz (Samsung ultrasound 
device, PT60A). The smallest cross-sectional gastric antral area (CSA) 
in RLD position was determined. All children were cooperative for the 
procedure with parental presence, counselling and premedication. 
From each scan, two orthogonal diameters (D1 and D2) of the antral 
cross-section, including the gastric wall were measured. Then cross-

[11] sectional area was calculated according to formula used by Bolandi 
(CSA = π * D1 * D2/4). This was repeated 3 times and CSA was then 
averaged. In RLD, sagittal or approximate to sagittal plane was 
chosen, the aorta and superior mesenteric vessels were used to dene 
the CSA plane. CSA was identied by gastric anatomy, using vascular 
landmarks only to facilitate intraabdominal orientation. The stomach 
was continuously scanned from the corpus to the duodenum, using 
sagittal, horizontal, and oblique US planes. The best plane for scanning 
the smallest cross-sectional area, perpendicular to the long axis of the 

[12,13]antrum. 

Figure 1: Gastric ultrasonographic image with measurement of 
the antral area.

Gastric contents were differentiated as empty, liquid or solid, based on 
the appearance as follows: Bull’s eye/collapsed, hypoechoic, 

[12,13]hyperechoic, frosted glass, starry sky 

Gastric content volume (GCV) was calculated using the derived 
parameters and the formula:

[12]GCV (ml) = -7.8 + (3.5 * RLD CSA) + 0.127 * age in months 

The gastric volume is then converted into ml/kg body weight to obtain 
GCVw (Weight corrected GCV)

Data analysis:  Data were presented as mean ± Standard deviation and 
coefcient of variation (CV). Independent T test was used to calculate 
the signicance between 2 groups. ANOVA test was used to calculate 
the signicance of study parameters between the four groups. P < 0.05 
was considered signicant. The statistical software version 20.0 was 
used to analyze the data. Microsoft ofce word 2013 and excel 2013 
were used to generate graphs and charts. 

RESULTS
Demographic characteristics are summarized as in Table 2. 

Table 2: Demographics

*Age in months, Weight in Kgs, Height in cms.

In Group A, empty gastric antrum or bull's eye appearance was seen in 
14 children, 3 hypoechoic, 5 hyperechoic and 3 had frosted glass 
appearance. Mean CSA in this group was 1.78 cm2 (SD – 1.32). Mean 
gastric volume was 3.32ml (SD 4.74), whereas mean gastric 
volume/kg body weight was 0.261ml/kg (SD 0.356). 

In Group B, number of children with empty gastric antrum or bull's eye 
appearance was 4, 11 were hypoechoic, 8 hyperechoic and 2 starry sky 
appearance. Mean CSA was 2.11 (SD 1.39). Mean gastric volume was 
7.19ml (SD 5.06), whereas gastric volume/kg bodyweight was 
0.481ml/kg (SD 0.329).

In Group C, empty gastric antrum was seen in 3, 11 hypoechoic, 6 
hyperechoic, 4 frosted glass appearance and 1 starry sky appearance. 
Mean CSA in this group was 2.2cm2 (SD 1.03). Mean gastric volume 
was 11.02ml (SD 3.83) and gastric volume per kg body weight was 
0.597ml/kg (SD 0.213).

In Group D, number of children with empty gastric antrum were nil, 9 
hypoechoic, 2 hyperechoic contents, 13 frosted glass and 1 starry sky 
appearance. Mean CSA was 2.75 cm2 (SD 0.89). Mean gastric volume 
was 16.32 ml (SD 3.39) with gastric volume/kg body weight of 0.753 
ml/kg (SD 0.168).

Table 3: Inter group variability in CSA, GCV and GCVw

* antral cross-sectional area,** Gastric content volume, ⁋ Body weight 
corrected GCV.
† statistically signicant 

There was no statistically signicant difference in the gastric antrum 
cross sectional area with a P value of 0.03 as shown in table 3. But GCV 
and GCV showed statistical signicance with p value of <0.001 as in w 

graph 2. Group A had GCV 3.32 ml in comparison to Group D which 
had 16.32ml. GCV was 0.261 ml/kg in Group A compared to w 

0.753ml/kg in Group D. The GCV signicantly increased with 
increasing age with the same fasting duration of 4 hours after plain 
milk of 50ml. Even GCV  also signicantly increased with increasing w

age. During the study, we also observed few children with associated 
global developmental delay, cerebral palsy, neuromuscular disorders 
had signicantly increased gastric volume after 4 hours of fasting, but 
due to negligible number of cases required for statistical results we 
excluded them from our study. Large scale studies are needed in this 
group exclusively in future.

DISCUSSION:
Paediatric preoperative fasting time, its perioperative impact and 
methods to assess is an ongoing debate with newer insights and 
updates. In the era of highly accurate methods like real time MRI and 
USG, bedside use of easily available equipment's like USG to the best 
possible level with possible accurate parameters for better 
perioperative care is most challenging among paediatric population. 
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Group Parameter Mean ±SD Minimum Maximum
Group A Age 35.68 ±9.69 24 48

Weight 10.53 ±2.30 8 17
Height 86.44 ± 8.55 74 110

Group B Age 59.76 ± 7.36 48 72
Weight 14.36 ± 2.79 10 20
Height 100.92 ± 9.61 78 112

Group C Age 86.92 ± 7.35 72 96
Weight 18 ± 3.43 11 26
Height 104.28 ±6.89 93 120

Group D Age 114.16 ±6.60 96 120
Weight 22.76 ±3.46 17 32
Height 129.32 ±7.79 119 148

Group A Group B Group C Group D P value
Mean SD Mean SD Mean SD Mean SD

CSA * 1.78 1.32 2.11 1.39 2.20 1.03 2.75 0.89 0.03
GCV ** 3.32 4.74 7.19 5.06 11.02 3.83 16.32 3.39 †< 0.001

⁋GCVW 
0.261 0.356 0.481 0.329 0.597 0.213 0.7530.168 †< 0.001



Gastric sonography parameters like antral CSA, GCV, GCV  and w
[9-16] nature of contents have been a reliable markers in paediatrics. More 

validation of these parameters in large population with keen look into 
the age specic variations was aimed in our study. Bedside gastric 
USG was a reliable noninvasive tool easily available for estimating 
preoperative gastric contents volume.

Our study was done to assess the residual gastric volume by bedside 
gastric ultrasonography after a 4-hour fasting period with plain non-
human milk in children aged from 2 to 10 years, trying to localize till 
which age group non-human milk can be given 4 hours prior to surgery 
without the increased risk of aspiration. When we compared the 
results, we found that Group A had highest number of children with 
collapsed gastric antrum, whereas group D had no children with 
collapsed gastric antrum suggesting that as the age group increased, 
time to gastric emptying was more, but the difference in parameters 
were within the safe range of aspiration risk. 

Mean gastric volume per kg body weight was 0.261ml/kg in Group A, 
0.481ml/kg body weight in Group B, 0.597ml/kg body weight in 
Group C, and 0.753ml/kg body weight in Group D. Even though the 
gastric volume is more in Group B and C, it is not signicant to cause 
aspiration (The gastric volume of 0.8 to 1.5ml/kg is signicant and 
increases the risk of aspiration).  Group D children had mean gastric 
volume of 0.753ml/kg body weight which might appear to increase the 
risk of aspiration theoretically. Perioperative anaesthetic management 
of this group was uneventful with no events of aspiration in group D. 

[17]Similar results were obtained by Bouvet et al,  when they observed 
1% elective children had potentially increased risk of pulmonary 
aspiration on assessing prevalence at-risk stomach by USG in 200 
children.

Graph 1: Intergroup variability in CSA, GCV and GCVw

Though the antral CSA is not signicantly different between the 
groups, GCV signicantly increased with age because gastric volume w 

is calculated using a mathematical model which has age as a parameter. 
This suggests that GCV is a more specic parameter, valuable when W 

compared in between age groups. Also, fasting guidelines with 
parameters like GCV   might prove to be more useful and precise. In W

group D, 2 children had hyperechoic appearance, and 13 children had 
frosted glass appearance which means total 15 children had residual 

[14]milk in the gastric antrum. Spencer et al  had reported that nine out of 
100 children scheduled for elective gastrointestinal endoscopy had a 
Grade 2 antrum (Grade 2 antrum may correspond to gastric uid 

[18]volume <1.5 mL/kg in 25% of the cases).  Unlike this study which 
had included only children with gastrointestinal complaints that 
hinders generalizability of their result to the overall elective pediatric 
population, our study had excluded children with GI disorders.

Furthermore, our results correlated well with the other calculated 
volume parameters suggesting better reliability. We also observed that 
nature and appearance of gastric contents along with measured values 
aa a very useful consideration in gastric sonography. We suggest that 
gastric sonography as a complete entity with measured parameters and 
contents appearance yields better tool for perioperative aspiration risk 
assessment. 

During course of our study, we also observed that children with 
obstructive sleep apnea, cleft lip and palate, and global developmental 
delay had increased gastric volume which was signicant enough to 
cause aspiration and after calculating the gastric volume we took 
precautions to prevent aspiration in such children and they were 

excluded from the study. Since the number of such cases were less, we 
could not arrive at a statistically signicant value. Future studies 
targeting this group exclusively might provide new arenas on separate 
special fasting guidelines for these children.

From our study, we conclude that duration of fasting can be reduced to 
4 hours with non-human plain milk in children upto the age group of 8 
years with no risk of aspiration. Between 8 to 10 years the volume was 
nearly signicant to cause aspiration theoretically. By giving plain 
milk 4 hours before surgery, children were more cooperative, relaxed, 
reduced thirst and hunger, less prone for dehydration, hypoglycemia as 
well.

Limitations of our study include smaller sample size, gastric volume 
assessment only by ultrasonography with no MRI correlation or 
gastric volume pH. We suggest that future studies coordinating MRI, 
USG and endoscopy with laboratory methods might yield newer 
perspectives on age specic variations. An age specic NPO guideline 
in children may open new arenas. We also suggest further studies on 
specially abled children may be needed for a separate fasting 
guideline.

In conclusion, preoperative bedside gastric USG can provide reliable 
information as a clinically useful noninvasive tool. Routine 
preoperative Gastric USG should be encouraged, benetting not just 
elective but even during emergency surgeries for better perioperative 
aspiration risk assessment.
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