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Abstract

Introduction: Preoperative fasting guidelines recommend clear fluids up to two hours before surgery to
prevent prolonged fasting times and pulmonary aspiration. Gastric ultrasound is a safe, valid, non-invasive
and readily available tool that can be used to look for the residual gastric volumes (GVs) and to confirm the
fasting status in case of doubtful fasting period. The aim of this study was to evaluate ultrasound-guided
assessment of GVs in children receiving either 5% dextrose water or plain water preoperatively, and to look
for the incidence of postoperative nausea and vomiting (PONV) and thirst.

Methods: The study was approved by the Institutional Ethics Committee and registered with CTRI with trial
number CTRI/2023/09/057732. This prospective, randomised, controlled study included 60 American Society
of Anesthesiologists (ASA) I-1I paediatric patients (5-12 years) undergoing elective surgery. Gastric antral
cross-sectional area (CSA) and volumes were measured. Patients received 3 mL/kg of either 5% dextrose
water (Group A) or plain water (Group B) two hours before surgery. The primary outcome was the
measurement of GV at baseline and two hours. Ultrasound assessments were performed at baseline and two
hours after fluid intake. Secondary outcomes included the incidence of PONV and thirst in the postoperative
period.

Results: The study found no significant differences in antral CSA or volume between the two groups at
baseline and two hours. At baseline, CSA: t = -0.900, p=0.372, effect size (Cohen's d) = -0.232 (95% CI: -0.580
to 0.220); GV: t= -0.800, p=0.427, effect size (Cohen's d) = -0.207 (95% CI: -3.660 to 1.569). After two hours,
CSA: t=0.579, p=0.565, effect size (Cohen's d) = 0.149 (95% CI: -0.268 to 0.486); GV: t = -0.561, p=0.577, effect
size (Cohen's d) = -0.145 (95% CI: -3.396 to 1.910). PONV was absent in both groups, and the prevalence of
thirst did not differ significantly.

Conclusion: Administering 5% dextrose water or plain water two hours preoperatively has similar effects on
residual GVs in paediatric patients. The choice between the two fluids did not influence PONV or thirst
significantly.

Categories: Pediatric Surgery, Anesthesiology
Keywords: clear fluids, gastric ultrasound, paediatric patients, preoperative fasting, residual gastric volume

Introduction

The use of ultrasound in the assessment of gastric volumes (GVs) has been widely done recently in
preoperative paediatric and adult patients. Gastric ultrasound being a safe, valid, non-invasive and readily
available tool can be used to look for the residual GVs and to confirm the prandial status in case of doubtful
fasting status. Preoperative fasting is usually recommended to ensure empty stomach at the time of
surgery, thus preventing pulmonary aspiration. But in certain patients, nil per oral status may be doubtful,
where the parents or attendants may not be able to recall the time of last meal or in cases where there is any
communication or language barrier.

As per the recommendations, children should be allowed to have clear fluids till two hours before surgery
that may include water, carbohydrate-containing drinks such as glucose or dextrose water, apple juice, green
tea, or any other pulp-free juice. Adhering to the fasting guidelines helps in avoiding prolonged fasting
times and allowing clear fluids till two hours before surgery may prevent the child from having episodes of
hypoglycemia and dehydration, which may lead to hypotension. Prolonged fasting periods can also lead

to increased thirst and irritability among children [1]. Thus, allowing clear fluids preoperatively reduces
thirst or hunger and provides a feeling of subjective wellbeing [2]. So this study was conducted to assess and
compare the GVs in children using ultrasound by allowing them to ingest clear fluids two hours before the
surgery as per the recommendations and its effects on the incidence of postoperative nausea-vomiting and
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thirst. By calculating the cross-sectional area (CSA) of the antrum in the right lateral decubitus (RLD)
position, the GV can be calculated by using the recommended formula for the paediatric patients [3,4].

The type of gastric content present in the antrum whether it is solid or liquid can be easily identified using
ultrasonography. In case whether any solid content is found or the gastric fluid volume is more than 1.5
ml/kg, it is considered as full stomach and the patient has a high risk of aspiration. The gastric emptying of
carbohydrate-containing fluids is considered to be slower because of its energy density as compared with
plain water [5]. None of the studies conducted so far have compared GVs in paediatric patients using 5%
dextrose water versus plain water. So, this study was conducted with the primary objective to compare and
assess the GVs two hours after ingestion of 5% dextrose water versus plain water using ultrasound and
secondarily to look for the incidence of postoperative nausea-vomiting and thirst in these patients.

Materials And Methods

After obtaining Institutional Ethics Committee approval, this prospective, randomised, controlled, double-
blind study was carried out on 60 patients. All children with American Society of Anesthesiologists (ASA)
physical status grade I and II aged 5 to 12 years scheduled for elective surgery were included. The study was
conducted from September 2023 to March 2024 in the Department of Anaesthesiology of a paediatric
hospital in New Delhi. Written informed consent was obtained from all the participants. The children aged 5
to 12 years undergoing elective surgery, with ASA physical status grade I to II and posted for surgery after 11
a.m., were enrolled in the study. Children with a history of any gastrointestinal disease, hiatus hernia, or
those being treated with medications affecting gastrointestinal motility, such as antidiarrheal medications,
those posted for day care surgery or those refusing to accept feeds were excluded from the study.

Methodology

Children who fulfilled the inclusion criteria were allocated into two groups (Group A and Group B) using a
computer-generated random number table (Table 7). Randomisation was carried out using permuted blocks
of varying sizes (http://www.randomization.com). After obtaining the randomisation sequence, the
treatment category was transcribed to consecutively numbered opaque envelopes. A preoperative ward visit
was conducted the day before surgery, and fasting orders were explained. On the day of surgery, the children
underwent a baseline gastric ultrasound examination in both supine and RLD position by the investigator in
the preoperative area. The number of hours of overnight fasting was noted. After that, 3 mL/kg of clear fluids
(5% dextrose water in Group A and plain water in Group B) were given to the children by nursing staff who
were not part of the study. Both types of fluids were provided to the children in similar-looking cups. The
principal investigator performing the ultrasound and the patients were blinded. The second gastric
ultrasound examination was performed after two hours of giving clear fluids, just before induction.

Assessed for eligibility / recruited (n = 60)
All recruited children underwent baseline gastric ultrasonography

{
Randomized (n = 60)
Excluded (n = 0) Computer-generated randomization using permuted
No patients excluded blocks
All 60 completed baseline USG Concealed allocation using consecutively numbered
opaque envelopes
{
Allocated to Group A: 5% dextrose water (n = 30) Allocated to Group B: plain water (n = 30)
Received 3 mL/kg, 2 h before surgery Received 3 mL/kg, 2 h before surgery
Administered in a similar-looking cup by d. ini; ina lar-looking cup by dy
nursing staff nursing staff
{
Completed follow-up (n = 30) Completed follow-up (n = 30)
Repeat gastric USG at 2 h completed (n = 30) Repeat gastric USG at 2 h completed (n = 30)
Lost to follow-up / discontinued (n = 0) Lost to follow-up / discontinued (n = 0)

{

Analysed (n = 30)
All randomized participants included in final analysis

Analysed (n = 30)
All randomized participants included in final analysis

FIGURE 1: Consort flow diagram of participants in the randomised
controlled trial of preoperative dextrose water versus plain water

Enrollment, allocation, follow-up and analysis of paediatric surgical patients (aged 5-12 years) randomised to
receive 3 mL/kg of 5% dextrose water (Group A, n=30) or plain water (Group B, n=30) two hours pre-operatively.
All 60 participants completed baseline and two-hour repeat gastric ultrasonography without loss to follow-up, and
all were included in the final analysis.

The children were allocated into two groups: Group A received 5% dextrose water and Group B received plain
water two hours before the surgery. All ultrasound examinations were performed by a single investigator
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who was trained for gastric ultrasound examination. Each ultrasound examination was performed first in
supine and then in the RLD position. GVs for all patients were calculated in RLD position. A high resolution
6.5 to 13 MHz linear array transducer with M-Turbo Sonosite USG machine (Sonosite, WA, USA) was used to
perform the ultrasound examination. The gastric antrum was scanned in sagittal plane in the epigastric
region while visualizing the left lobe of the liver, either aorta or inferior venacava [4]. The maximum
anteroposterior diameter (D1) and craniocaudal or longitudinal diameter (D2) were measured from serosa to
serosa in the RLD position. The antral CSA was then calculated according to the following formula:

\[ \text{Antral CSA} =\frac{\pi \times D_1 \times D_2}{4}\]

Subsequently, GV was calculated using a previously validated mathematical formula specific to children
[3,4]:

\[ \text{Volume (mL/kg)} =\frac{-7.8 + (3.5 \times \text{RLD CSA (cm}"2\text{)}) + (0.127 \times \text{Age
(months)})} {\text{Body weight (kg)}}\]

Qualitative assessment of gastric contents was performed using a 3-point qualitative grading scale described
by Perlas et al. [6]. Grade 0 was defined as the absence of any content in a flat antrum in both the supine and
the RLD positions. Grade 1 was defined as the appearance of fluid content in the RLD position only, and
grade 2 as the appearance of fluid content in both the RLD and supine positions.

After two hours of giving fluids, just before the surgery, a repeat ultrasound was performed and any
complaint of child feeling thirsty was noted. After that, the child was taken inside the operating room and
standard ASA monitors were attached. An intravenous cannula was already secured preoperatively in the
ward as per our institution protocol. All patients underwent a standardized general anaesthetic protocol that
included induction with fentanyl 2 mcg/kg and propofol 2 mg/kg, neuromuscular block with atracurium 0.5
mg/kg and maintenance with isoflurane or sevoflurane and an air-oxygen mixture. The surgery proceeded as
planned based on standard clinical practice. All patients received an injection of ondansetron in a dose of 0.1
mg/kg 30 minutes before the completion of surgery. Once the surgery was over and extubation was
performed, the child was shifted to the recovery room and monitored for two hours. Any episodes of nausea
or vomiting were noted in the postoperative period. After two hours of monitoring in the postoperative
recovery area, the child was shifted to the ward.

Sample size calculation and statistical analysis

Our estimated sample size is based on the primary objective of comparing mean GV in pediatric patients
receiving dextrose water versus plain water pre-operatively, derived from the previous study by Zhang et al.
[7]. A sample size of 27 patients per group, with an effect size of 0.88, provided 90% power to detect a
significant difference between the two groups at an alpha level of 0.05. Considering a dropout rate of 10%,
we took 30 patients in each group.

Data obtained in this study were processed in Microsoft Excel 2010 (Microsoft Corp., Redmond, WA).
Descriptive statistics were performed using the mean and standard deviation for quantitative variables, and
categorical variables were presented as frequencies along with respective percentages. The statistical
comparisons for quantitative variables were performed using Student’s t-test, and for categorical variables,
the chi-square test was used according to the data. All statistical analyses were performed using SPSS
software (version 22; IBM Corp., Armonk, NY). Results were discussed at the 5% level of significance, i.e.,
p<0.05 was considered statistically significant.

Results

A total of 30 patients were included each in Group A and Group B. The demographic data of the two groups
are represented in Table 1. Baseline demographic and clinical characteristics, including age, weight, fasting
duration, gender distribution and ASA physical status classification, were comparable between Group A and
Group B, showing no statistically significant differences (p>0.05). Male predominance was observed in both
groups (86.7% in Group A vs. 73.3% in Group B; p=0.197). Duration of fasting in terms of number of hours
was also comparable between Group A (9.90%3.63 hours) and Group B (9.67£1.24 hours; p=0.307). GVs were
also comparable between the two groups. There was no significant difference observed in GVs at two hours
between the two groups. None of the patients crossed the threshold of 1.5 mL/kg for GVs (Table 2). All 30
participants in each group reported "No" for postoperative nausea and vomiting (PONV), resulting in a 100%
absence of PONV occurrences in both groups based on the provided data. The comparison between Group A
(23.33% reporting thirst/hunger) and Group B (36.66% reporting thirst/hunger) showed no significant
difference in the prevalence of thirst/hunger between the two groups.
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Variable

Age (years), mean = SD

Weight (kg), mean + SD

Fasting duration (hours), mean + SD
Gender, n (%)

Male

Female

ASA physical status, n (%)

ASA |

ASAIl

Group A (n=30)
7.77+2.53
22.71+7.32

9.90+3.63

26 (86.7%)

4 (13.3%)

26 (86.7%)

4 (13.3%)

Group B (n=30)
7.77+2.50
24.00+10.54

9.67+1.24

22 (73.3%)

8 (26.7%)

26 (86.7%)

4 (13.3%)

Between-group p-value
0.910

0.678

<0.001

0.197

1.000

TABLE 1: Comparison of demographic data and baseline characteristics between the two study
groups

Data are presented as mean + standard deviation (SD) for continuous variables and number (percentage) (n (%)) for categorical variables. Continuous
variables were compared between the two groups using t-test, while categorical variables were compared using the Pearson chi-square test or Fisher's
exact test, as appropriate. A p-value <0.05 was considered statistically significant.

ASA, American Society of Anesthesiologists; n, number of patients; SD, standard deviation.

RLD gastric volume No. of patients Group A, mean * SD Group B, mean + SD T-value p-value
Baseline 30 0.513+0.161 0.535+0.201 -0.454 0.651
At two hours 30 0.535+0.183 0.511+0.196 0.490 0.626

TABLE 2: Comparison of right lateral decubitus gastric volume (in mL/kg) between the two study
groups

Data are presented as mean + standard deviation (SD). Between-group comparisons were performed using the independent-samples Student's t-test. A
two-sided p-value <0.05 was considered statistically significant.

RLD, right lateral decubitus.

The RLD gastric antral CSA was comparable between Group A and Group B at both baseline and two hours of
giving clear fluids (Table 3). There was no statistically significant differences observed between the two
groups.
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RLD gastric antral CSA  Group A, mean * SD (cm?)

Baseline

At two hours

Group B, mean £ SD (cm?)  Mean difference (A-B)  T-value p-value

2.289+0.82 2.469+0.727 -0.18 -0.900 0.372

2.425+0.881 2.316+0.538 +0.11 0.579 0.565

TABLE 3: Comparison of right lateral decubitus gastric antral cross-sectional area between the

two study groups

Data are presented as mean + standard deviation (SD). Between-group comparisons were performed using the independent-samples Student's t-test. A

two-sided p-value <0.05 was considered statistically significant.

CSA, cross-sectional area; RLD, right lateral decubitus.

RLD gastric volume
Baseline

At two hours

Similarly, there were no statistically significant differences observed in GVs in both groups at baseline
or two hours, as represented in Table 4. At baseline, the mean GV was 11.46+4.73 mL in Group A and
12.51#5.37 mL in Group B (p=0.425). At two hours, mean GVs were 11.28+5.39 mL and 12.02+4.86 mL for
Group A and Group B, respectively (p=0.579).

Group A, mean * SD (mL) Group B, mean * SD (mL) Mean difference (A-B) T-value p-value
11.462+4.727 12.836+5.149 -1.05 -0.659 0.513
11.276+5.934 12.019+4.857 -0.74 -0.561 0.577

TABLE 4: Comparison of right lateral decubitus gastric volume (in mL) between the two study

groups

Data are presented as mean + standard deviation (SD). Between-group comparisons were performed using the independent-samples Student's t-test. A
two-sided p-value <0.05 was considered statistically significant.

RLD, right lateral decubitus.

Discussion

The current study aimed to assess and compare GVs in paediatric patients receiving 5% dextrose water
versus plain water preoperatively using ultrasound guidance. The primary objective was to evaluate

the mean GV in both groups, while the secondary objective focused on the effects of allowing clear fluids on
the incidence of PONV and thirst.

Ingestion of clear fluids till two hours before surgery is recommended to prevent dehydration, hypotension
and discomfort because of prolonged fasting. The choice of clear fluids administered may vary across various
institutions, especially in paediatric patients. Some centres may prefer giving plain water, while some may
give dextrose-containing fluids or water. Due to concern regarding the gastric emptying of dextrose-
containing fluid, plain water is often administered more frequently to paediatric patients. The use of
ultrasound to assess GVs is being extensively used due to its safety, validity and non-invasiveness. This
study was conducted to assess and compare any differences in GVs when paediatric patients received 5%
dextrose water versus plain water preoperatively. The hypothesis postulated that the energy density of
dextrose-containing fluids is higher than that of plain water, which may cause a potential delay in gastric
emptying and consequently may increase residual GVs. The results, however, did not support this
hypothesis.

Various studies demonstrate the usefulness of ultrasound in evaluating gastric contents in paediatric
patients. Kadir and his colleagues [8] assessed the GVs in paediatric non-surgical patients fasted for various
reasons, as compared to our study after performing the baseline ultrasound, they measured the GVs after one
hour and two hour of giving 3 mL per kg of blackcurrant flavoured clear fluid, they found higher residual GVs
at one hour (T1) than volumes at two hours (T2). However, similar to our study, they did not find any
significant differences between baseline and two-hour GVs. Their study being similar to our study thus helps
in providing valuable information on the effects of different clear fluids when given preoperatively. Another
study by Desgranges and colleagues [9] also proves the utility of gastric ultrasound in assessing GVs in
paediatric patients to look for ingested blood after undergoing elective ear, nose and throat surgeries. As per
our hypothesis, no statistically significant differences were observed in the CSA and GV in our study
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between the group receiving 5% dextrose water and the group receiving plain water. The baseline readings
of CSA and GV (CSA: T-value = -0.900, p=0.372; GV: T-value = -0.659, p=0.513)) and readings of CSA and GV
after two hours (CSA: T-value = 0.579, p=0.565; GV: T-value = -0.561, p=0.577) of clear fluid intake were
comparable between the two groups. These findings suggest that the choice between the two clear fluids
studied such as dextrose water and plain water did not have much influence on the GVs in the paediatric
population studied.

The absence of PONV in both groups supports the findings of other studies, encouraging the intake of clear
fluids preoperatively. The incidence of thirst or hunger also did not differ significantly between the two
groups, emphasising that both dextrose water and plain water are well tolerated when administered before
surgery. While thirst or hunger was reported by some children, there was no significant difference between
the groups. This suggests that the choice of clear fluid may not have a significant impact on the feeling of
thirst and hunger experienced by the children.

Comparing these findings with similar studies provides valuable context. Song et al. [2] observed that
carbohydrate-containing fluids, when ingested two hours before surgery, reduced GV without causing any
serious complications in paediatric patients. In contrast, we did not observe any reduction in GVs with 5%
dextrose water. They compared GVs when two different fluid volumes of the same carbohydrate-containing
drinks were administered, while in our study, we compared two different types of clear fluids administered
in the same volume. It was also observed that the volumes of fluid administered and compared in their study
were much higher (15 mL per kg for children less than three years and 10 mL per kg for children more than
three years) than in our study, where 3 mL per kg of clear fluid was administered. This discrepancy may arise
from differences in study design, volumes of fluid administered, or patient populations.

Similarly, Taye and his colleagues [10] suggested that preoperative fasting times could be safely reduced to
one hour in healthy children undergoing elective procedures. This is in contrast to our study, where no
significant differences in GVs were observed between the two clear fluids after two hours of intake. The
variability of study outcomes reflects the complexity of factors influencing GVs and fasting guidelines in
paediatric patients.

Additionally, Zhang et al. [7] conducted a study in adult patients that emphasises the safety and feasibility
of preoperative carbohydrate intake two hours before surgery. They also compared GVs when pure water
versus a carbohydrate-containing beverage (200 mL) were given to adult patients two hours before
undergoing elective surgeries under general anaesthesia similar to our study. They found higher residual GVs
at one hour than at two hours of clear fluid intake in both groups. But similar to our study, they did not
observe a significant difference in CSA at two hours in both groups as compared to the baseline, thereby
reflecting similar gastric emptying for both pure water and a carbohydrate-containing drink or dextrose
water. While our study was conducted in paediatric patients, compared with the study conducted by them in
adult patients, these findings reinforce that both pure water and carbohydrate-containing beverages
demonstrate comparable gastric emptying at the two-hour interval.

The knowledge gathered from the previous literature served as the basis for the current study to compare
differences in GVs after the ingestion of plain water and dextrose water. It further strengthened and
reinforced fasting guidelines to prevent unnecessary starvation of the patients by allowing them to have
clear fluids before surgery. The unique aspect of this study lies in its comparison of two different clear fluids
and their potential effects on GVs in paediatric patients, addressing a notable gap in the existing literature.

Limitations

This study had several limitations. First, the study had a small sample size and a single, homogeneous
patient population. Although the results were adequately calculated, they cannot be generalised and may
not account for all the variations in GVs observed within the paediatric population. Second, the study
included only paediatric patients undergoing elective surgery and excluded those undergoing emergency
procedures or with certain gastrointestinal conditions, which further limits the generalizability of the
findings to a broader paediatric population. Further, the use of ultrasound is operator-dependent, and
observations may vary across operators.

Conclusions

This study contributes to existing knowledge of preoperative management in paediatric patients by
comparing the effects of two clear fluids, 5% dextrose water and plain water, on GVs. The results did not
support the initial hypothesis but provided valuable information for researchers. In future, further research
can be conducted with larger sample sizes and diverse populations to validate these findings, which will help
shape evidence-based preoperative fasting guidelines for paediatric surgical patients.

Future studies can explore the effects of other clear fluids on gastric fluid volumes and potential
correlations between GVs and other patient-specific characteristics. Despite some limitations, this study
adds to our growing understanding of preoperative care in paediatric patients.
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