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Abstract
Background: Preoperative carbohydrate loading enhances postoperative recovery and reduces patient discomfort. However,
gastric emptying of liquids can be delayed in elderly populations. Therefore, this study aimed to evaluate the gastric emptying of 400
mL of a carbohydrate drink ingested 2hours before surgery in elderly patients.

Methods: In this prospective, randomized controlled study, patients aged>65years were allocated to either fast frommidnight (nil
per os [NPO] group, n=29) or drink 400mL of a carbohydrate drink 2hours before surgery (carbohydrate group, n=29). The gastric
antrum was assessed using ultrasonography in the supine position, followed by the right lateral decubitus (RLD) position. The gastric
antrumwas graded as grade 0 (fluid not seen in both positions), grade 1 (fluid only seen in the RLD position), and grade 2 (fluid seen in
both positions). The gastric antral cross-sectional area (CSA) and aspirated residual gastric volume were measured.

Results: In 58 patients, the incidence of grade 2 stomach was 13.8% in NPO group and 17.2% in carbohydrate group (P= .790).
The gastric antral CSA in the supine position was larger in carbohydrate group than in NPO group (4.42 [3.72–5.18]cm2 vs 5.31
[4.35–6.92]cm2, P= .018). The gastric antral CSA in the RLD position was not different in NPO and carbohydrate groups (P= .120).
There was no difference in gastric volume (2 [0–7.5] vs 3 [0–13.4], P= .331) in NPO group versus carbohydrate group.

Conclusion: The incidence of grade 2 stomach was not different between NPO group and carbohydrate group in elderly patients.

Abbreviations: AP = anteroposterior, ASA = American Society of Anaesthesiologists, BMI = body mass index, CC =
craniocaudal, CSA = cross-sectional area, GV = gastric volume, IV = intravenous, NPO = nil per os, RLD = right lateral decubitus,
VAS = visual analog scale.
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1. Introduction

Pulmonary aspiration is a fatal complication associated with
general anesthesia.[1,2] Because an unemptied stomach might
predispose pulmonary aspiration, prohibiting oral ingestion
before surgery has been accepted as a standard preoperative
fasting policy.[1–3] However, a catabolic status caused by
prolonged fasting aggravates stress-induced insulin resistance
and worsens postoperative outcomes.[4] Thus, many studies have
emphasized the disadvantages of unnecessary prolonged fasting
and recommended fasting guidelines for minimal or liberal
preoperative fasting times.[2,5,6] In line with this new paradigm,
carbohydrate drinks, which could be ingested up to 2hours
before surgery, were introduced.[7] These drinks supply energy
sources, prevent muscle loss, and maintain the metabolic
status.[7,8] Furthermore, carbohydrate drinks reduce periopera-
tive discomforts, such as thirst, hunger, and postoperative nausea
and vomiting.[8–10] Therefore, to improve insulin sensitivity, the
enhanced recovery after surgery program recommends an intake
of at least 45g of carbohydrate, equivalent to approximately 400
mL of commercially available carbohydrate drinks of 12.5g/100
mL, 2hours before anesthetic induction.[5]

In previous studies investigating gastric emptying of preopera-
tive carbohydrates in children, term pregnant women, and adult
patients aged approximately 55years, carbohydrate drinks were
emptied within 2hours of ingestion.[11–13] However in some
elderly patients, gastric emptying of liquids can be delayed due to
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decreased fundic activity,[14] comorbid diseases, and polyphar-
macy.[15] Moreover, since the incidence of gastroesophageal
reflux increases with age, the prevalence of undiagnosed
gastroesophageal reflux also increases with age.[16] However,
it is unclear whether gastric emptying of 400mL of a
carbohydrate drink 2hours before surgery is delayed in elderly
patients.
Therefore, we designed our study to investigate the gastric

emptying of 400mL of a carbohydrate drink in elderly patients
undergoing general anesthesia using gastric ultrasonography.
Semiquantitative 3-point grading system (grade 0; empty
stomach, grade 1; stomach with negligible fluid, and grade 2;
stomach beyond safe limits) were used for assessment of gastric
emptying.[17] Our primary outcome was the incidence of grade 2
stomach in the patients loaded with 400mL of carbohydrate 2
hours before surgery compared with the patients fasted from
midnight.
2. Methods

2.1. Study participants

This study was a prospective randomized controlled study.
Written informed consent was obtained from all participants
who participated in this trial after approval from the Ethics
Committee (KBSMC IRB No. 2019–04-10-013). This trial was
registered before patient enrolment at ClinicalTrials.gov (NCT
04159636). The study was conducted and the data were collected
in the waiting area and the operating room in a single tertiary
hospital (Kangbuk Samsung Hospital). Patients aged >65years
who were scheduled to undergo elective urologic surgery under
general anesthesia and had an American Society of Anaesthesi-
ologists (ASA) physical status class of I or II were included. The
exclusion criteria were as follows: diagnosed for a coexisting
disease that delays gastric emptying (e.g., obesity, body mass
index [BMI]>30kg/m2, diabetes, hiatal hernia, gastroesophageal
reflux disease, ileus, or enteral tube feeding), history of upper
abdominal surgery including gastric surgery, psychiatric or
mental disorders, alcoholism, or drug abuse.
2.2. Randomization and blinding

The participants were randomly allocated to either the nil per os
(NPO) group (n=29) or the carbohydrate group (n=29) in a 1:1
ratio. Randomization allocation was performed using a comput-
er-generated randomization table using a random block (http://
www.randomization.com), and the allocated group was kept in a
concealed envelope according to the order. One day before
surgery, a research assistant allocated participants into each
group by opening the concealed envelope in order. The examiners
performing gastric ultrasonography were blinded to the group
allocation throughout the study period.
2.3. Study protocol

All patients in both groups were allowed to intake both solid and
liquid foods until midnight. They had their dinner meals as their
last solid intake. Drinking water or other liquids was permitted
until midnight in both groups. After midnight, the patients in the
NPO group were kept fasted until surgery including water. The
fasting policy in the NPO group followed our standard
preoperative fasting guidelines, which limit the oral intake
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including water after midnight until surgery. The carbohydrate
group was asked to ingest 400mL of a carbohydrate drink (NO-
NPO, Daesang WelLife Co., Ltd., South Korea; 12.8%
carbohydrates, 50kcal/100mL, 290mOsm/kg) 2hours before
anesthesia induction. Drinking liquids other than the carbohy-
drate on the day of surgery was not allowed in the carbohydrate
group.
2.4. Ultrasonographic assessment of the stomach

After the participants arrived in the waiting area, gastric
ultrasonography was performed by 2 staff anesthesiologists
(EAC and JGS). Both anesthesiologists were experienced in
gastric ultrasonography (>100 cases). A standard abdominal
setting and a low-frequency curved array transducer (1.6–4.6
MHz) was used with the ultrasonography device (LogiQ E, GE
Healthcare, Piscataway, NJ). Gastric ultrasonography was
performed in the supine position with a 45° head-up tilt,
followed by a 45° semi-sitting right lateral decubitus (RLD)
position. In both positions, the gastric antrumwas detected in the
epigastrium in the parasagittal plane. The gastric antrum was
located between the left lobe of the liver and the pancreas head,
anterior to the inferior vena cava, and the superior mesenteric
vein. The probe was adjusted to obtain the smallest round shape
of the gastric antral cross-section.
The gastric antrum was evaluated qualitatively and quantita-

tively. For qualitative assessment, the gastric antrumwas assessed
for its nature of content—empty, fluid, or solid. Based on the
qualitative assessment, the gastric antrum was classified into 3
grades using a semiquantitative 3-point grading system—grade 0,
fluid not seen in both positions; grade 1, fluid only seen in the
RLD position; and grade 2, fluid seen in both positions.[17]

For qualitative assessment, 2 perpendicular diameters were
obtained between the peristalsis, including the serosa layers,
which were the anteroposterior and the craniocaudal (CC)
diameters. The gastric antral cross-sectional area (CSA) was
calculated by the area of an ellipse formula: CSA= (AP�
CC�p)/4 (Fig. 1A).[18]

2.5. Anesthetic induction and other outcomes
assessments

After the ultrasonographic assessment, hunger, thirst, and
anxiety were assessed by other researchers. The degree of
preoperative hunger, thirst, and anxiety were evaluated using the
visual analogue scale (VAS) scores ranging from 0 (not at all) to
10 (very much). The time from the last oral intake to the
ultrasonographic assessment was also assessed. After all assess-
ments were completed in the waiting area, the patient underwent
a standard preoperative patient confirmation procedure (which
usually takes around 30minutes) and was then transferred to the
operating room for anesthesia induction.
Anesthesia was performed by the anesthesiologist blinded to

the group allocation. Patients other than grade 2 stomach were
induced with intravenous (IV) propofol 1 to 1.5mg/kg, and
rocuronium 0.6 to 0.8mg/kg IV was given for paralysis. The
anesthesiologist was warned once the grade 2 stomach was
detected in the waiting area. In case of grade 2 stomach, the
patient was induced using rapid sequence induction. The rapid
sequence induction was conducted after preoxygenation with
100% oxygen for 5minutes, giving propofol 1 to 1.5mg/kg IV,
and 1mg/kg of rocuronium IV. Cricoid pressure was applied, and
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Figure 1. (A) Example measurement of the gastric antral cross-sectional area. (B) ST probe tip detected in the gastric antrum. ST=suction-temperature.
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the airway was secured after 90seconds without mask ventila-
tion. The airway was secured with either i-gel (Intersurgical Ltd.,
Wokingham, UK) or an endotracheal tube, according to the
expected operation time. For the aspiration of gastric contents, a
12-French orogastric ST probe (Lucky Medical Co., Ltd., Seoul,
South Korea) was inserted into the stomach through the side
channel of the i-gel or the oropharyngeal airway of the
endotracheal tube. The ST probe accompanies a suction hole
at the tip, which allows the suctioning of gastric contents while
monitoring the core temperature. After confirming the position of
the ST probe tip in the gastric antrum using gastric ultrasonog-
raphy, a 50-mL syringe was connected to the ST probe (Fig. 1B).
Residual gastric contents were aspirated, and the amount of
residual gastric volume (GV) was recorded. GV was divided by
weight (GV/kg), and the incidence of GV/kg >1.5mL/kg was
collected. The acidity of gastric content was measured by using a
pH meter (S2K712, ISFET Co., Ltd., Saitama, Japan).
2.6. Statistical analysis

The primary outcome of our study was the incidence of grade 2
stomach in both groups. The sample size estimation was based on
our preliminary study collected consecutively (n=26), in which
the incidence of grade 2 stomach was 38.5% in the carbohydrate
group and 7.7% in the NPO group (not published). The sample
size was estimated to detect a 30.8% difference in the incidence of
grade 2 stomach in our preliminary study. A minimum sample
size of 58 subjects (29 in each group) was required with 80%
power and a 0.05% level, considering a dropout rate of 0.1%.
Data for continuous variables are presented as mean±

standard deviation for the normally distributed data, and median
(interquartile range) for the non-normally distributed data, and
categorical variables are presented as number and percentage.
For primary outcome analysis, the chi-square test was used to
compare the incidence of grade 2 stomach in both groups. The
secondary outcomes were compared using Student t test
(CSARLD, VAS score for anxiety, hunger, and thirst), Mann–
WhitneyU test (CSAsupine, GV, GV/kg, and pH) or the chi-square
test (incidence of GV/kg >1.5mL/kg). A P-value of <.05 was
considered statistically significant. Statistical analyses were
performed using SPSS Statistics for Windows, Version 24.0
(IBM Corp., Armonk, New York, NY).
3

3. Results
Seventy-three patients were assessed for eligibility from January
2020 to August 2020. A total of 15 patients were excluded, 13
patients did not meet the inclusion criteria, and 2 patients
declined to participate in our study. Fifty-eight patients were
randomly allocated to either the NPO group or the carbohydrate
group. All patients in both groups received the allocated
intervention. No patient was lost to follow-up. Therefore, 58
patients (29 patients in each group) were analyzed (Fig. 2).
The baseline characteristics of our study population are

described in Table 1. There were no differences in age, sex, height,
weight, body mass index, ASA class, incidence of hypertension,
smoking history, and operation type between the NPO and
carbohydrate groups. Fasting hours for solids was for 16.2±3.4
hours in the NPO group and 16.7±4.7hours in the carbohydrate
group (P= .633). Patients in the NPO group fasted for liquids for
12.3±5.1hours, and those in the carbohydrate group fasted for
liquid for 2.2±1.2hours (P< .001).
Semiquantitative 3-point stomach grades were compared

between the 2 groups. Four (13.8%), 7 (24.1%), and 18
(62.1%) patients were classified into grades 2, 1, and 0,
respectively, in the NPO group. In the carbohydrate group, 5
(17.2%), 5 (17.2%), 19 (65.5%) patients classified into grades 2,
1, and 0, respectively. The incidence of grade 2 stomach between
the 2 groups was not significantly different (13.8% in the NPO
group and 17.2% in the carbohydrate group, P= .790; Fig. 3).
The gastric antral CSA in the supine position was smaller in the

NPO group (4.42 [3.72–5.18]cm2) than in the carbohydrate
group (5.31 [4.35–6.92]cm2, P= .018), with a mean difference
(95% confidence level [CI]) of –1.43 (–2.77 to –0.08). The gastric
antral CSA in the RLD position was 6.63±2.77cm2 in the NPO
group and 7.97±3.62cm2 in the carbohydrate group (P= .120),
with a mean difference (95% CI) of –1.35 (–3.05–0.36). There
was no solid content observed in our study subjects. There was no
difference in the nature of the content between the 2 groups
(P= .785). In the NPO group, 2 (0–7.5)mL of gastric contents
was aspirated from patients’ stomach, while in the carbohydrate
group, 3 (0–13.4)mL of gastric contents was aspirated from
patients’ stomach (mean difference: –9.56; 95% CI: –19.10 to –

0.02; P= .331). The GV/kg was 0.03 (0–0.12)mL/kg in the NPO
group and 0.04 (0–0.18)mL/kg in the carbohydrate group (mean
difference: –0.15; 95% CI: –0.30–0; P= .356). The incidence of
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Figure 2. CONSORT diagram of the study.
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GV/kg >1.5mL/kg was 3.4% in the carbohydrate group and
0% in the NPO group (P> .999). Gastric pH was higher in the
carbohydrate group (2.8 [1.6–5.3]) than in the NPO group
(1.7 [1.3–2.7]; P= .020). There was no case of regurgitation of
gastric contents in either of the groups (Table 2). Figure 4
describes the box plots of CSA, GV, and GV/kg. The highest
value of GV, and GV/kg were 94mL, and 1.56mL/kg in the
carbohydrate group, respectively.
Table 1

Baseline characteristics.

NPO group (n = 29)

Age, y 73.9±5.8
Sex, male 24 (82.8%)
Height, cm 163.3±8.5
Weight, kg 66.3±10.5
BMI, kg/m2 24.8±2.9
ASA class, I/II 7/22 (24.1/75.9)
Hypertension 19 (65.5)
Smoking 0 (0)
Operation type
Nephrectomy 1 (3.4)
Cystectomy 2 (6.9)
Prostatectomy 4 (13.8)
TURB 17 (58.6)
Ureteroureterostomy 2 (6.9)
Ureterolithotomy 3 (10.3)

Fasting for solids, h 16.2±3.4
Fasting for liquids, h 12.3±5.1

Data are presented as mean± standard deviation or number (%).
ASA=American Society of Anaesthesiologists, BMI=body mass index, NPO=nil per os, TURB= trans

4

Preoperative anxiety, hunger, and thirst scores were compared
using the VAS between the 2 groups and are presented in Table 3.
The anxiety score was not different between groups (3.1±2.9 in
the NPO group and 4.0±3.4 in the carbohydrate group;
P= .280). The hunger score was lower in the carbohydrate
group than in the NPO group (1.3±2.2 vs 4.2±2.6; P< .001).
The thirst score was also lower in the carbohydrate group than in
the NPO group (1.6±2.1 vs 4.5±2.4; P< .001).
Carbohydrate group (n=29) P-value

73.3±5.4 .692
23 (79.3%) .738
163.3±6.4 .996
67.1±10.8 .779
25.1±3.1 .718

9/20 (31.0/69.0) .557
13 (44.8) .113
1 (3.4) >.999

.104
6 (20.7)
3 (10.3)
8 (27.6)
10 (34.5)
0 (0)
2 (6.9)

16.7±4.7 .633
2.2±1.2 <.001

urethral resection of bladder tumor.



Figure 3. Number of subjects classified as Perlas grades 0 or 1, and 2 in each
group.
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4. Discussion

The present study assessed gastric emptying of 400mL of a
carbohydrate drink ingested 2hours before surgery compared
with midnight fasting in elderly population. The incidence of
grade 2 stomach between the 2 study groups was not different in
our study. The gastric antral CSA in RLD position, the amount of
aspirated GV, GV/kg, and the incidence of GV/kg >1.5mL/kg
were not different between the carbohydrate group and the NPO
group. Hunger and thirst scores were improved after ingestion of
carbohydrate drink.
Carbohydrate loading was introduced to prevent surgical

stress-induced insulin resistance and maintain metabolic homeo-
stasis, thereby improving the quality of postoperative recovery
and patient satisfaction.[4,8] Carbohydrate drinks are made of
polymers those do not delay gastric emptying compared with
monomers.[19] Whenmeasured with a gamma camera, 400mL of
a carbohydrate drink was emptied from the stomach after 90
minutes of ingestion in patients undergoing elective surgery.[19]

Gastric emptying of carbohydrate drinks was also evaluated
using gastric ultrasonography in different study populations
(such as term parturient, pediatric patients aged <18years, and
adult patients aged 55years on average) scheduled to undergo
endoscopic surgery.[11–13] These studies demonstrated that
carbohydrate drinks were emptied after 2hours of the last
ingestion. Therefore, it is generally believed that carbohydrates
Table 2

Gastric ultrasonographic assessment, aspirated residual gastric con

NPO group (n=29) Carboh

Gastric ultrasound assessment
CSAsupine, cm

2 4.42 (3.72–5.18)
CSARLD, cm

2 6.63±2.77
Empty/fluid/solid 18/11/0 (62.1/37.9/0) 19

Aspirated residual gastric contents
GV, mL 2 (0–7.5)
GV/kg, mL/kg 0.03 (0–0.12)
GV/kg >1.5mL/kg 0 (0)
pH 1.7 (1.3–2.7)
Regurgitation of gastric contents 0 (0)

Data are presented by mean± standard deviation, median (interquartile range), or number (%).
CSA= cross-sectional area, GV=gastric volume, N/A=not available, NPO=nil per os, RLD= right late
∗
P< .05.
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can be safely ingested up to 2hours before surgery.[20] However,
it is unclear whether this is applicable in patients with coexisting
diseases that delay gastric emptying, such as morbid obesity,
diabetes, or gastroesophageal reflux.[21] Moreover, it is undeter-
mined whether 400mL of a carbohydrate drink can be safely
ingested by elderly patients who might have predisposing factors
for delayed gastric emptying.[14–16]

The primary outcome of our study was the incidence of grade 2
stomach by the semiquantitative 3-point grading system intro-
duced by Perlas et al.[17] It has been suggested in the previous
study that the cut-off value of CSA of 320mm2 can discriminate
nonfasted stomach from fasted stomach.[22] However, there is no
absolute reference value for the CSA. Moreover, if the cut-off
value of 320mm2 had been used in our study, the false positive
rate there would have been too high. Thus, we thought that
determining the gastric emptying based on specific value of CSA
can be debatable. Therefore, we chose to distinguish between
emptied and non-emptied stomach based on semiquantitative 3-
point grading system. The 3-point grading system can be applied
to evaluate fluid contents and has been described as a simple
screening tool for discriminating patients with a high-volume
stomach. Grade 2 stomach implies that 75% patients are likely to
have>100mL of gastric fluid, which corresponds to GV/kg>1.5
mL/kg.[18,23] The incidence of grade 2 stomach was not different
in the NPO and carbohydrate groups (13.8% vs 17.2%).
However, the incidence of grade 2 stomach in the NPO group
(13.8%) in our study was higher than that reported in the
previous studies.[17,24,25] Perlas et al[17] performed a prospective
descriptive study on fasted surgical patients and reported that the
incidence of grade 2 stomachwas 3.5% (7 of 200). Arzola et al[25]

described that 1% (1 of 103) pregnant fasted women scheduled
for elective caesarean section had grade 2 stomach. In severely
obese fasted patients, 5.2% (2 of 38) of patients had grade 2
stomach.[24] We believe that the higher incidence of grade 2
stomach in our study was caused by differences in baseline
characteristics such as race, eating habits, and age.
In our study, there were 2 patients in the carbohydrate group

those could be considered to be at risk to pulmonary aspiration.
One patient was a 69-year-old male patient scheduled to undergo
prostatectomy (BMI: 26.8kg/m2) with the maximum gastric fluid
aspirated of 94mL (1.2mL/kg). The other patient with GV/kg
>1.5mL/kg was a 69-year-old female patient (BMI: 23.4kg/m2)
with an underlying spinal stenosis disease undergoing total
cystectomy. The aspirated gastric fluid in this patient was 81mL.
tents, and regurgitation of gastric contents.

ydrate group (n=29) Mean difference (95% CI) P-value

5.31 (4.35–6.92) –1.43 (–2.77 to –0.08) .018
∗

7.97±3.62 –1.35 (–3.05 to 0.36) .120
/10/0 (65.5/34.5/0) .785

3 (0–13.4) –9.56 (–19.10 to –0.02) .331
0.04 (0–0.18) –0.15 (–0.30 to 0) .356

1 (3.4) >.999
2.8 (1.6–5.3) –1.18 (–2.17 to –0.20) .042

∗

0 (0) N/A

ral decubitus.
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Figure 4. Boxplots of CSAsupine (A1), CSARLD (A2), GV (B1), and GV/kg (B2) in NPO group (blue) and carbohydrate group (red). Themedian values are presented as
the thick black line in the middle of the box, and first and third quartiles are shown by the bottom and top of the box. The mean values are displayed with “X.”CSA=
cross-sectional area, GV=gastric volume, NPO=nil per os, RLD= right lateral decubitus.
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Pulmonary aspiration was not occurred in any of our study
patients. Although there is no definite threshold value over which
pulmonary aspiration increases, 100mL (1.5mL/kg) has been
commonly used as a volume threshold in previous studies.[23]

However, because pulmonary aspiration is multifactorial, it does
not always occur even though GV exceeds 100mL or 1.5mL/kg.
Sometimes, multiple factors need to be combined to contribute to
pulmonary aspiration, such as difficult airway, inappropriate
airway managements causing gas insufflation into the stomach or
Table 3

Visual analogue scale scores for preoperative anxiety, hunger, and t

NPO group (n=29) Carbohydrate group

Anxiety 3.1±2.9 4.0±3.4
Hunger 4.2±2.6 1.3±2.2
Thirst 4.5±2.4 1.6±2.1

Data are presented as mean± standard deviation.
NPO=nil per os.
∗
P< .05.

6

coughing might lead to regurgitation of gastric contents.[26]

However, as the stomach was loaded with a carbohydrate drink
and not water, the patient outcomes might worsen when it is
aspirated. Therefore, we suggest performing routine gastric
ultrasonography prior to anesthesia in elderly patients who are
loaded with carbohydrate 400mL 2hours before surgery for
screening of unexpected delayed gastric emptying.
Our study has some limitations. First, the amount of gastric

fluid aspirated did not completely represent the full gastric
hirst.

(n=29) Mean difference (95% CI) P-value

�0.9 (–2.5–0.8) .280
2.9 (1.7–4.2) <.001

∗

2.9 (1.8–4.1) <.001
∗
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content volume. The aspiration of gastric fluid was performed in
the supine position to avoid disturbing the rapid preparation for
the operation. If more vigorous aspiration was performed as in
a previous study,[26] more gastric contents might have been
aspirated. Second, there was a time interval between the gastric
ultrasonographic assessment and aspiration of gastric fluids,
which generally took from 30minutes to 1hour. Therefore, there
might be less gastric fluid aspirated than that expected at the time
of gastric ultrasonographic assessment. Third, because we
included ASA class I or II in our study population, our study
population might not include patients with comorbidities or
polypharmacy which would greatly affect gastric emptying of
liquids. Therefore, it is unclear whether our results could be
extrapolated in patients with severe systemic disease. Fourth,
although the 3-point grading system is a simple and useful
screening tool, caution may be required when determining the
risk of pulmonary aspiration for grade 2 stomach. Because, even
though there was no difference between the 2 groups in the
incidence of grade 2 stomach, CSA in supine position was greater
in the carbohydrate group than the NPO group. Therefore, we
suggest that determination of the pulmonary aspiration risk
needs to be made by combining the result of CSA, or calculated
GV, and not 3-point grading system alone. Finally, gastric
ultrasound has its own limitations. Gastric ultrasound requires
certain amount of training periods to ensure the results of
assessments.[27] In addition, obtaining appropriate view for
assessment is limited in some patients, for example, who
had undergone foregut surgeries, or severely morbid obese
patients.[24]

The conclusion that is inferred based on the results of this study
is that preoperative carbohydrate drink intake lowers the
patient’s preoperative hunger or thirst, does not increase the
incidence of grade 2 stomach, but may increase the risk of
unexpected delayed gastric emptying. Thus, preoperative
screening is required for elderly patients who took carbohydrate
drink intake 2hours before surgery.

Acknowledgments

This research did not receive any specific grant from funding
agencies in the public, commercial, or no-for-profit sectors.

Author contributions

Conceptualization: Jae Yong Jeong, Jae-Geum Shim, Kyoung-Ho
Ryu, Eunah Cho.
Data curation: Sung Hyun Lee, Eunah Cho.
Formal analysis: Eunah Cho.
Investigation: Jin Hee Ahn, Jae Yong Jeong, Jae-Geum Shim,

Sung Hyun Lee, Kyoung-Ho Ryu.
Methodology: Jin Hee Ahn, Jae-Geum Shim, Sung Hyun Lee,

Kyoung-Ho Ryu.
Supervision: Jae-Geum Shim, Kyoung-Ho Ryu.
Writing – original draft: Jin Hee Ahn, Sung-Ho Lee, Eunah Cho.
Writing – review & editing: Jae Yong Jeong, Sung Hyun Lee.

References

[1] Engelhardt T, Webster NR. Pulmonary aspiration of gastric contents in
anaesthesia. Br J Anaesth 1999;83:453–60.

[2] Presta MV, Bhavani SS, Abdelmalak BB. Nil per os guidelines: what is
changing, what is not, and what should? Minerva Anestesiol 2018;
84:1413–9.
7

[3] Smith I, Kranke P, Murat I, et al. Perioperative fasting in adults and
children: guidelines from the European Society of Anaesthesiology. Eur J
Anaesthesiol 2011;28:556–69.

[4] Carli F. Physiologic considerations of Enhanced Recovery After Surgery
(ERAS) programs: implications of the stress response. Can J Anaesth
2015;62:110–9.

[5] SarinA,Chen LL,Wick EC. Enhanced recovery after surgery-preoperative
fasting and glucose loading-a review. J Surg Oncol 2017;116:578–82.

[6] Andersson H, Hellström PM, Frykholm P. Introducing the 6-4-0 fasting
regimen and the incidence of prolonged preoperative fasting in children.
Paediatr Anaesth 2018;28:46–52.

[7] Nygren J, Thorell A, Ljungqvist O. Preoperative oral carbohydrate
therapy. Curr Opin Anaesthesiol 2015;28:364–9.

[8] Nygren J, Thorell A, Ljungqvist O. Preoperative oral carbohydrate
nutrition: an update. Curr Opin Clin Nutr Metab Care 2001;4:255–9.

[9] Hausel J, Nygren J, Lagerkranser M, et al. A carbohydrate-rich drink
reduces preoperative discomfort in elective surgery patients. Anesth
Analg 2001;93:1344–50.

[10] Jian W, Zhang Y-L, Xu J-M, et al. Effects of a carbohydrate loading on
gastric emptying and fasting discomfort: an ultrasonography study. Int J
Clin Exp Med 2017;10:788–94.

[11] Wang Y, Zhu Z, Li H, et al. Effects of preoperative oral carbohydrates on
patients undergoing ESD surgery under general anesthesia: a randomized
control study. Medicine 2019;98:e15669.

[12] Popivanov P, Irwin R,WalshM, LeonardM, Tan T. Gastric emptying of
carbohydrate drinks in term parturients before elective caesarean
delivery: an observational study. Int J Obstet Anesth 2020;41:29–34.

[13] Song IK, Kim HJ, Lee JH, Kim EH, Kim JT, Kim HS. Ultrasound
assessment of gastric volume in children after drinking carbohydrate-
containing fluids. Br J Anaesth 2016;116:513–7.

[14] Orr WC, Chen CL. Aging and neural control of the GI tract: IV. Clinical
and physiological aspects of gastrointestinal motility and aging. Am J
Physiol Gastrointest Liver Physiol 2002;283:G1226–1231.

[15] Gidwaney NG, Bajpai M, Chokhavatia SS. Gastrointestinal dysmotility
in the elderly. J Clin Gastroenterol 2016;50:819–27.

[16] Bashashati M, Sarosiek I, McCallum RW. Epidemiology and mecha-
nisms of gastroesophageal reflux disease in the elderly: a perspective. Ann
N Y Acad Sci 2016;1380:230–4.

[17] Perlas A, Davis L, Khan M, Mitsakakis N, Chan VW. Gastric
sonography in the fasted surgical patient: a prospective descriptive
study. Anesth Analg 2011;113:93–7.

[18] Van de Putte P, Perlas A. Ultrasound assessment of gastric content and
volume. Br J Anaesth 2014;113:12–22.

[19] Nygren J, Thorell A, Jacobsson H, et al. Preoperative gastric emptying.
Effects of anxiety and oral carbohydrate administration. Ann Surg
1995;222:728–34.

[20] Bilku DK, Dennison AR, Hall TC, Metcalfe MS, Garcea G. Role of
preoperative carbohydrate loading: a systematic review. Ann R Coll Surg
Engl 2014;96:15–22.

[21] Practice guidelines for preoperative fasting and the use of pharmacologic
agents to reduce the risk of pulmonary aspiration: application to healthy
patients undergoing elective procedures: an updated report by the
American society of anesthesiologists task force on preoperative fasting
and the use of pharmacologic agents to reduce the risk of pulmonary,
aspiration. Anesthesiology 2017;126:376–93.

[22] Bouvet L, Miquel A, Chassard D, Boselli E, Allaouchiche B, Benhamou
D. Could a single standardized ultrasonographic measurement of antral
area be of interest for assessing gastric contents? A preliminary report.
Eur J Anaesthesiol 2009;26:1015–9.

[23] Perlas A, Mitsakakis N, Liu L, et al. Validation of a mathematical model
for ultrasound assessment of gastric volume by gastroscopic examina-
tion. Anesth Analg 2013;116:357–63.

[24] Kruisselbrink R, Arzola C, Jackson T, Okrainec A, Chan V, Perlas A.
Ultrasound assessment of gastric volume in severely obese individuals: a
validation study. Br J Anaesth 2017;118:77–82.

[25] Arzola C, Perlas A, Siddiqui NT, Carvalho JC. Bedside gastric
ultrasonography in term pregnant women before elective cesarean
delivery: a prospective Cohort Study. Anesth Analg 2015;121:752–8.

[26] Bouvet L, Mazoit JX, Chassard D, Allaouchiche B, Boselli E, Benhamou
D. Clinical assessment of the ultrasonographic measurement of antral
area for estimating preoperative gastric content and volume. Anesthesi-
ology 2011;114:1086–92.

[27] Arzola C, Carvalho JC, Cubillos J, Ye XY, Perlas A. Anesthesiologists’
learning curves for bedside qualitative ultrasound assessment of gastric
content: a cohort study. Can J Anaesth 2013;60:771–9.

http://www.md-journal.com

	Gastric emptying of preoperative carbohydrate in elderly assessed using gastric ultrasonography
	1 Introduction
	2 Methods
	2.1 Study participants
	2.2 Randomization and blinding
	2.3 Study protocol
	2.4 Ultrasonographic assessment of the stomach
	2.5 Anesthetic induction and other outcomes assessments
	2.6 Statistical analysis

	3 Results
	4 Discussion
	Acknowledgments
	Author contributions
	References


