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Comparison of ultrasonographic measurement of gastric 
antral volume and pH with or without pharmacological 
acid aspiration prophylaxis in low‑risk surgical patients – A 
randomized clinical trial
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Introduction

Aspiration of gastric contents is considered one of the 
most fearsome complications under anesthesia in patients 

undergoing various surgical procedures. After Mendelson’s 
description of aspiration pneumonitis under anesthesia, 
various recommendations have been proposed to minimize 
the risk and incidence. One among them is to administer 
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Background and Aims: The role of preoperative pharmacological prophylaxis in preventing aspiration pneumonitis under 
general anesthesia (GA) in patients at low risk of aspiration pneumonitis is still under debate. We addressed the need for routine 
pharmacological aspiration prophylaxis in at‑risk population by assessing the change in gastric volume using ultrasound with 
and without pharmacological acid aspiration prophylaxis.
Material and Methods: A single‑center, randomized double‑blinded trial, with 200 adult patients scheduled for elective 
surgical procedures under GA, were randomized into a prophylaxis group, in which the patients received oral famotidine and 
metoclopramide, and a no prophylaxis group, in which the patients did not receive any prophylaxis. Gastric volume derived 
from preinduction measurement of gastric antral volume by ultrasound, postinduction gastric pH, and incidences of aspiration 
pneumonitis were compared. Bland–Altman plot was used to determine the level of agreement between measured gastric volume 
and ultrasonography based on calculated gastric volume.
Results: The gastric antral cross‑sectional area (CSA) and volume in the no prophylaxis group (3.12 cm2 and 20.11 ml, 
respectively) were comparable to the prophylaxis group (2.56 cm2 and 19.67 ml, respectively) (P‑values 0.97 and 0.63, 
respectively). Although there was a statistically significant decrease in gastric pH in the no prophylaxis group (P‑value 0.01), it 
was not clinically significant to increase the risk of aspiration pneumonitis based on Roberts and Shirley criteria (P‑value 0.39).
Conclusion: In an adequately fasted low‑risk population, the amount of residual gastric volume was similar and below the 
aspiration threshold, regardless of the aspiration prophylaxis status.
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preoperative pharmacological acid aspiration prophylaxis. 
Although the American Society of Anesthesiologists (ASA) 
and the European Society of Anesthesiologists (ESA) 
guidelines recommend avoiding the routine use of prophylactic 
pharmacological prophylaxis in patients with low risk of 
aspiration pneumonitis, their recommendations are based 
on consensus opinion rather than high‑quality evidence.[1,2] 
So, we decided to conduct a clinical trial to assess the role 
of acid aspiration prophylaxis in the population at risk using 
preinduction gastric ultrasonography (USG). Among the 
methods available, USG has been proved to be an effective 
noninvasive tool for quantitative and qualitative gastric volume 
assessment.[3‑5] The aim of this study was to show that optimal 
preoperative fasting alone would be sufficient to prevent 
aspiration in the low‑risk surgical population. The primary 
aim was to compare the difference in residual gastric volume 
calculated based on gastric antral cross‑sectional area (CSA) 
with and without acid aspiration prophylaxis. The secondary 
outcomes were to compare the gastric pH and incidence of 
aspiration pneumonitis between both the groups.

Material and Methods

This study was a single‑center, double‑blinded, randomized 
controlled trial conducted in a tertiary care hospital and had two 
arms. The scientific and ethical approval for the conduct of the 
study was obtained from the Institute Ethics Committee (human 
studies JIP/IEC/2016/27/920, 25/05/2016.). The trial 
was registered prospectively in the clinical trials registry of 
India (CTRI/2017/08/009290). Patients above the age of 
18 years who were scheduled for elective surgical procedures under 
general anesthesia (GA) and belonging to the ASA physical 
status classification I and II were deemed eligible to participate 
in this trial. Patients with a history of diabetic autonomic 
neuropathy, previous gastrointestinal surgery, gastroesophageal 
reflux disease, preoperative continuous nasogastric drainage, 
obesity (body mass index >30 kg/m2), and pregnant patients 
were excluded from this study. Patients with a preoperative 
intake of proton pump inhibitors, H2 receptor antagonists, and 
prokinetics were also excluded. Informed written consent was 
obtained from each study participant by the anesthesiologist 
during the preoperative evaluation on the day before surgery. 
Then the study participants were randomized into either 
prophylaxis (group P) or no‑prophylaxis (group NP) group 
using computer‑generated block randomization table using 
variable block sizes in the ratio of 1:1. Randomization was 
performed by a research coordinator using random allocation 
software 2.0. Allocation concealment was done using the 
sequentially numbered opaque sealed envelope (SNOSE) 
technique. The anesthesiologist performing ultrasound and the 
data collector were blinded to the group allocation by restraining 
their access to the patient medical records and also restraining 

them from obtaining history regarding premedication intake. 
Study participants were grouped according to their allocation 
into P and NP groups. They were randomly allocated to one 
of the groups on the night before surgery by an anesthesiologist 
not involved in this study. All patients in both the study groups 
were kept fasting for 8 h with no intake of solid food and allowed 
intake of 200 ml of clear fluid until 2 h before the scheduled 
surgery.[2,6]

The patients in the P group received oral famotidine 20 mg 
on the night before surgery and oral famotidine 20 mg and 
metoclopramide 10 mg, 2 h before the surgery. The NP 
group did not receive any pharmacological prophylaxis. Both 
the groups received oral diazepam (0.1 mg/kg) on the night 
before surgery and 2 h before on the day of surgery. On the 
day of surgery, after verifying the fasting status, patients were 
shifted inside the operation theater and standard monitors 
like pulse oximetry, electrocardiogram, and noninvasive blood 
pressure were attached and monitored. The anesthesiologist 
who performed gastric USG had been trained by the consultant 
anesthesiologists experienced in gastric USG before starting 
the study. Patients in both the groups underwent ultrasound 
scanning of the gastric antrum as follows. While patients 
were lying in the right lateral decubitus position, the gastric 
antrum was identified by placing a 2–5 MHz curvilinear 
Sonosite S‑ICU™ (FUJIFILM, Sonosite, Inc.) ultrasound 
probe in a parasagittal plane over the left upper abdominal 
quadrant by an anesthesiologist experienced in point‑of‑care 
ultrasound. The ultrasound probe was placed in the midline 
of the upper abdomen in the sagittal plane and moved toward 
the left to identify the left lobe of the liver. After visualizing the 
left lobe of the liver, the probe was changed to oblique view 
to visualize either inferior vena cava or superior mesenteric 
artery. Then, the gastric antrum was visualized either as a bull 
eye pattern (closed antrum) with no residual gastric contents 
or as a circular pattern (open antrum) if the gastric contents 
were present. The free tracing method was used to measure the 
gastric antral CSA. The images were recorded and verified 
by another anesthesiologist. The following formula was used 
subsequently to calculate the predicted gastric volume: gastric 
volume (ml) = 27.0 + 14.6 (right lateral gastric antral CSA) 
−1.28 (age), as proposed by Bolondi and subsequently by 
Perlas et al.[7‑12] Then, we converted the calculated gastric 
volume to the patient body weight‑based gastric volume to assess 
the risk of aspiration. If a patient in any of the two groups was 
found to have a predicted gastric volume of more than or equal 
to 1.5 ml/kg, the patients would receive rescue premedication 
with intravenous metoclopramide 10 mg before the induction of 
GA and followed by rapid sequence intubation. The induction 
and airway management of choice was as per the decision of the 
primary anesthesiologist. In both groups of patients, after the 
induction of GA, an appropriate‑sized orogastric tube (OGT) 
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was inserted. The OGT position was confirmed by auscultating 
the epigastric region with a stethoscope while injecting 10 ml of 
air through its proximal end. Aspiration of the gastric volume 
was attempted through OGT with a 50‑ml syringe in supine, 
Trendelenburg, and bilateral tilt positions. The volume of 
the aspirate was noted. From the aspirated sample, gastric 
pH was measured with the help of a pH meter (VantaKool 
auto‑calibrated pH meter with 0.01 accuracy, Vanta Kool, 
Inc.). Postoperatively, all study participants were followed 
up for 48 h for the evidence of aspiration pneumonitis. The 
presence of fever, cough, breathlessness, pleuritic chest pain, and 
infiltrates in chest X‑ray defined aspiration pneumonitis. The 
incidence of aspiration pneumonitis was noted in patients with 
acute inflammatory signs such as fever, tachycardia, tachypnea, 
leukocytosis, along with the respiratory signs and symptoms 
such as cough, sputum production, hypoxia combined with 
new or worsened infiltrates that can be identified on the chest 
radiograph.[13]

The sample size was calculated using n‑master software 
version 2.0 and based on a study by Vila et al.[14] to detect a 
mean difference in the gastric volume of 9 ml with a standard 
deviation of 13 ml between the two groups. For a 95% 
confidence interval, a power of 80%, and an attrition rate 
of 5%, the sample size required was 100 in each group. 
The Statistical Package for the Social Sciences (SPSS) 
for Windows statistical package (version 19, IBM PASW 
statistics) was used for statistical analysis. The data’s normality 
was assessed using the one‑sample Kolmogorov–Smirnov test, 
and the remaining non‑normally distributed descriptive data 
were expressed as median with interquartile range (IQR). The 
study participants’ age, weight, height, gastric antral CSA, and 
gastric pH were expressed as mean with standard deviation and 
analyzed between the two groups using the independent t‑test. 
Categorical data like gender were expressed as number and 
percentage, whereas comparison between the two groups was 
carried out using the Chi‑square test. The total gastric volume 
calculated from gastric antral CSA, measured gastric volume 
by OGT aspiration, and weight‑based calculated gastric 
volume were expressed as median with IQR, and they were 
compared between the two groups using the Mann–Whitney 
test. A Bland–Altman plot was used to determine the level 
of agreement between the measured gastric volume and USG 
based on calculated gastric volume. To reject the null hypothesis, 
a P‑value ≤0.05 was considered significant.

Results

A total of 200 patients were studied. The Consolidated 
Standards of Reporting Trials (CONSORT) flow diagram 
detailing their allocation and analysis is shown in Figure 1. 

The demographic characteristics were comparable between 
both the groups [Table 1]. The calculated gastric volume did 
not show statistically significant difference between both the 
groups (P = 0.634). The measured gastric pH was statistically 
more acidic in the NP group. Recent evidence suggests that the 
minimal gastric volume required to produce aspiration‑induced 
pulmonary changes is 1.5 ml/kg.[5,15] In our study, none of 
the patients in either group had a gastric volume of more than 
1.5 ml/kg [Table 2]. Since all patients were found to be at no 
risk of aspiration pneumonia based on the criteria mentioned 
above, we compared the risk of aspiration based on Roberts 
and Shirley criteria [Table 3]. Animal experiments proposed 
that the minimal gastric volume required to produce pulmonary 
changes was 0.4 ml/kg.[16] Based on their criteria, the patients 
at risk of aspiration between the two groups were comparable 
and had no statistically significant difference, with a Chi‑square 
value of 0.744 (P = 0.39). The gastric antral status between 
the study groups is depicted in Figure 2. USG‑guided predicted 
gastric volume and the gastric volume measured through OGT 
were analyzed by the Bland–Altman plot to assess the level 
of agreement between the two measurements. The USG and 
OGT aspiration yielded similar volume assessments within a 
difference of 25 ml in 92% of cases and within 40 ml in 96% 
of cases. It showed a significant level of agreement between the 
two techniques with a mean difference of 8.3 ml [Figure 3].

Table 1: Demographic characteristics of patients

Variables Group P (n=100) Group NP (n=100) P
Age (years) 41.54±14.9 40.35±12.49 0.54
Height (cm) 156.6±7.82 156.9±7.9 0.80
Weight (kg) 55.12±10.6 55.01±10.74 0.94
BMI (kg/m2) 22.3±3.3 22.2±3.4 0.77
Gender (M/F) 46/54 50/50 0.572
ASA‑PS (I/II) 47/53 44/56 0.20
ASA‑PS=American Society of Anesthesiologists physical status class, BMI=Body 
mass index, NP=No prophylaxis group, P=Prophylaxis group, SD=Standard 
deviation. Age, height, weight, and BMI are expressed as mean±SD; gender and 
ASA‑PS class are expressed as a percentage

Table 2: Comparison of calculated gastric volume and 
measured gastric volume

Variables (unit) Group P 
(n*=100)

Group NP 
(n=100)

P

Calculated gastric 
volume (USG†) (ml)

19.67 (6.01, 33.86) 20.11 (8.79, 33.74) 0.634

Gastric volume 
(ml/kg)

0.37 (0.11, 0.65) 0.34 (0.16, 0.64) 0.786

Measured gastric 
volume (OGT‡) (ml)

10 (10, 15) 14.5 (9, 20) 0.056

Gastric pH 4.35±1.12 3.88±0.85 0.01*
Gastric antral CSA§ 3.13±0.96 3.12±0.99 0.97
*p‑value < 0.05 considered statistically significant. Calculated gastric volume, 
measured gastric volumes, and weight‑based gastric volume (ml/kg) were expressed 
in median with interquartile range. Gastric antral CSA and gastric pH were expressed 
as mean±SD. *n=number of participants in the group, †USG‑ultrasonography, 
‡OGT‑orogastric tube, §CSA‑cross sectional
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Discussion

In our study, there was no difference in gastric volume between 
the study groups, that is, 20.11 ml (8.79, 33.74) in the NP 
group compared to 19.67 ml (6.01, 33.86) in the P group. 
But it showed a statistically significant difference in gastric pH 
in the P group (4.35 ± 1.12) compared to the NP group 
(3.85 ± 0.85). Although the study showed significant 
decrease in gastric pH without famotidine, it was not found to 
be clinically significant. The mean gastric pH was 3.8 in the 
NP group, which was sufficiently high enough to overcome 

the gastric content induced pneumonitis as per the traditional 
criteria which still hold pH less than 2.5 as a risk factor.

Routine preoperative administration of antacids, H2 receptor 
blockers, proton pump inhibitors, and prokinetics to surgical 
patients with a low risk of aspiration pneumonitis is a questionable 
practice. Although no direct evidence is available to recommend 
against their routine use, various guidelines recommend not 
using them in non‑obstetric low‑risk patients, based on consensus 
and expert opinion.[1,2] We planned a study to add an evidence 
basis to their recommendation. We found that gastric volume 
measured using ultrasound or aspirated through OGT was not 
elevated but comparable between patients, irrespective of their 
preoperative H2 blocker and prokinetics medication intake. In 
healthy surgical individuals, preoperative liberal fluid intake 
and acid aspiration prophylaxis influence the residual gastric 
volume and pH.[17‑20] But the results of the previous studies are 
limited by the methods to measure the residual gastric volume. 
We attempted to directly measure the gastric volume through an 

Figure 1: CONSORT flow diagram showing patient progress through the study phases. CONSORT = Consolidated Standards of Reporting Trials, NP = no prophylaxis 
group, P = prophylaxis group

Table 3: Comparison of risk of aspiration based on 
Roberts and Shirley criteria

Risk possibility (based 
on gastric volume)

Group P 
(n=100)

Group NP 
(n=100)

Total P

No (<0.4 ml/kg) 62 56 118 (59%) 0.39
Yes	(≥0.4	ml/kg) 38 44 82 (41%)
NP=No prophylaxis group, P=Prophylaxis group 
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OGT to prove this point. Despite the measured gastric volume 
being comparable between the study groups and showing an 
excellent correlation between the calculated gastric volumes, 
it underestimates the risk of aspiration. Many studies have 
shown that gastric contents aspirated through nasal or OGTs 
underestimate the gastric volume and can be assessed accurately 
with the help of USG before the induction of anesthesia.[8,10,20‑22] 
Also, it was found that there was no difference in the fluid 
intake 2 h before surgery and it did not affect the gastric volume 
measured by ultrasound.

A study by Sharma et al.[23] showed that there were cases 
reported with gastric volume >1.5 ml/kg even after they 
fasted adequately for hours before surgery. This was even 
seen in patients with no comorbidities like diabetes or chronic 
kidney disease. But the intake of aspiration prophylaxis 
was not mentioned in the study. In our study, 100% of 
participants with optimal fasted state showed gastric volume 
less than 1.5 ml/kg. So, we analyzed the minimal gastric 
volume required to produce pulmonary changes as 0.4 ml/kg 
based on the Roberts and Shirley criteria.[16] Though 38% 
of patients in group P and 44% of patients in group NP had 
gastric volume ≥0.4 ml/kg, there was no clinical evidence of 
aspiration pneumonitis on postoperative follow‑up and the 
difference in the risk of aspiration was not found be statistically 
significant (P = 0.390). It is interesting to note that despite 
the dual pharmacological intervention, group P was still at 
risk of aspiration as per the Roberts and Shirley criteria.

The pulmonary changes secondary to avoid aspiration depend on 
both residual gastric volume and gastric pH (pH <2.5).[5,16] In 
our study, the mean difference in the gastric pH was found to be 
significant between the groups (3.88 ± 0.85 vs. 4.35 ± 1.12), 
yet it remained high enough to avoid aspiration‑induced 
pneumonitis. Prolonged fasting results in endogenous gastric 
hydrochloric acid secretion, which is the principal determinant 
for gastric volume and pH. However, the gastric volume is 
contributed by salivary secretion (1–2 ml/kg/h) and other 

gastric secretions (0.4–0.8 ml/kg/h).[16,17] It may be the other 
reason for the significant change observed in the pH of gastric 
content in a patient on overnight fasting, even if the patient had 
not been treated with H2 blockers. Though metoclopramide 
is a dopamine antagonist which carries extrapyramidal side 
effects,[24] omitting it in a healthy surgical population will also 
avoid this risk.

There were no cases reported with the incidence of aspiration 
pneumonitis in our study. Patients presenting with any 
signs and symptoms of aspiration pneumonitis are at risk of 
aspiration‑induced lung injury. Gastric ultrasound may be useful 
in many clinical situations such as lack of patient adherence to 
fasting instructions (e.g., due to emergency/urgent procedure 
or miscommunication), unreliable fasting history (e.g., altered 
sensorium, language barrier, or cognitive dysfunction), and 
potential delay in gastric emptying (e.g., pregnancy, diabetes 
mellitus, severe liver or kidney dysfunction, or neuromuscular 
disorders) in which the aspiration risk is unclear or 
undetermined.[25] But the role of gastric ultrasound‑based 
detection of gastric volume following aspiration prophylaxis 
has not been studied till now, which makes our study unique.

There are a few limitations to our study. Firstly, the formula 
to calculate the residual gastric volume proposed by Bolondi 
and Perlas et al. validated up to 500 ml of gastric volume 
in a non–high‑risk population with a body mass index 
of <40 kg/m2.[3,8,26,27] Hence, the same formula was not 
validated and cannot be used to assess gastric volume in the 
pregnant and pediatric population. Further studies will be 
required to validate the same formula in special populations. 
Second limitation of the study is that the position of the 
OGT may affect gastric pH. The pH was measured from 
the aspirated sample, assuming that the OGT position would 

Figure 2: Comparison of gastric antral status between the study groups:‑ 

group P, ‑  group NP. NP = no prophylaxis, P = prophylaxis
Figure 3: Bland–Altman analysis. USG guided predicted gastric volume (ml) 
with the difference between the two volumes (i.e., calculated from gastric 
ultrasonogram minus measured by orogastric aspiration) USG minus the volume 
measured by orogastric aspiration) (Solid line: observed mean agreement; dashed 
lines: represent the 95% limits of agreement) USG: ultrasonography
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be in the stomach. If the tube crosses the pyloric antrum, an 
improperly positioned OGT may lead to false‑high gastric 
pH. Previous studies have shown that blind nasogastric 
aspiration overestimates the gastric pH.[28] Third, in our 
study, we did not find any cases with aspiration pneumonitis, 
as we studied the usual surgical population with adequate 
preoperative fasting status, who were at less risk of aspiration. 
Hence, studies with a larger sample size may be required in 
future to evaluate the aspiration risk in these individuals.

Conclusion

We conclude that in a usual surgical population with adequate 
fasting as per the ASA fasting guidelines, the amount of 
gastric volume and the pH were similar and below the 
threshold to cause aspiration pneumonitis, irrespective of their 
acid aspiration prophylaxis status.
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