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Abstract

Purpose The aim of this study was to evaluate the safety of

drinking carbohydrate-containing fluids two hours prior to

surgery in older adults using ultrasonography.

Methods We conducted a nonrandomized and

noninferiority comparative study in 60 patients aged over

65 yr who were scheduled for total knee arthroplasty.

Patients who were fasted from midnight (fasting group) or

who drank 400 mL of a carbohydrate-containing fluid

(carbohydrate ingestion group) two hours prior to surgery

were matched for age, sex, and body mass index. We

measured the cross-sectional area (CSA) of gastric antrum

using ultrasound and estimated the gastric fluid volume as

the study’s primary outcome measure. The noninferiority

margin (d) for the mean difference was predefined as 50

mL. The secondary outcome measures included CSA of the

antrum and qualitative gastric volume.

Results The mean (standard deviation) gastric volume

was not significantly different between the fasting group

and the carbohydrate ingestion group (30.2 [25.4] mL vs

28.4 [35.8] mL; each group, n = 30; P = 0.81). The mean

difference in gastric volume was -1.9 mL (95% confidence

interval [CI], -17.9 to 14.2), and the upper limit of the

95% CI was lower than the prespecified noninferiority limit

(d = 50 mL). Secondary outcomes were not significantly

different between the two groups.

Conclusion Drinking of carbohydrate-containing fluid two

hours prior to surgery was noninferior to overnight fasting

with respect to residual gastric volume at induction of

anesthesia in healthy older adults who undergoing total

knee arthroplasty.

Study registration ClinicalTrials.gov (NCT04514380);

registered 14 August 2020.

Résumé

Objectif L’objectif de cette étude était d’évaluer

l’innocuité de la consommation d’une préparation

glucidique deux heures avant une chirurgie chez les

personnes âgées à l’aide de l’échographie.

Méthode Nous avons mené une étude comparative non

randomisée et de non-infériorité chez 60 patients âgés de

plus de 65 ans qui devaient bénéficier d’une arthroplastie

totale du genou. Les patients étaient à jeun depuis minuit

(groupe à jeun) ou avaient bu 400 mL d’une préparation

glucidique (groupe d’ingestion de glucides) deux heures

avant la chirurgie et ont été appariés pour l’âge, le sexe et

l’indice de masse corporelle. Nous avons mesuré la section

transversale de l’antre gastrique à l’aide de l’échographie

et estimé le volume de liquide gastrique en tant que mesure

du critère d’évaluation principal de l’étude. La marge de

non-infériorité (d) pour la différence moyenne a été

prédéfinie à 50 mL. Les mesures de critères d’évaluation

secondaires comprenaient la section transversale de

l’antre et le volume gastrique qualitatif.

Résultats Le volume gastrique moyen (écart type) n’était

pas significativement différent entre le groupe à jeun et le

groupe d’ingestion de glucides (30,2 [25,4] mL vs 28,4

[35,8] mL; chaque groupe, n = 30; P = 0,81). La

différence moyenne de volume gastrique était de -1,9 mL

H.-J. Shin, MD � B.-W. Koo, MD � D. Lim, MD �
H.-S. Na, MD (&)

Department of Anesthesiology and Pain Medicine, Seoul

National University Bundang Hospital, 82, Gumi 173, Bundang,

Seongnam, Gyeonggi 13620, Republic of Korea

e-mail: hsknana@gmail.com

123

Can J Anesth/J Can Anesth (2022) 69:1160–1166

https://doi.org/10.1007/s12630-022-02262-9

http://orcid.org/0000-0003-0986-3243
http://crossmark.crossref.org/dialog/?doi=10.1007/s12630-022-02262-9&amp;domain=pdf
https://doi.org/10.1007/s12630-022-02262-9


(intervalle de confiance [IC] à 95 %, -17,9 à 14,2), et la

limite supérieure de l’IC 95 % était inférieure à la limite de

non-infériorité prédéfinie (d = 50 mL). Aucune différence

intergroupe significative n’a été observée dans les critères

d’évaluation secondaires.

Conclusion La consommation d’une préparation

glucidique deux heures avant la chirurgie n’était pas

inférieure au jeûne nocturne en ce qui concerne le volume

gastrique résiduel à l’induction de l’anesthésie chez les

personnes âgées en bonne santé qui bénéficient d’une

arthroplastie totale du genou.

Enregistrement de l’étude www.ClinicalTrials.gov

(NCT04514380); enregistrée le 14 août 2020.

Keywords carbohydrate-containing fluid �
gastric volume � older adult

The risk of pulmonary aspiration and the idea that a longer

fast improves the safety of surgical patients have led to

excessive preoperative food and fluid restriction.

Nevertheless, guidelines for preoperative fasting have

changed over the last decade, and recent practice

guidelines recommend the ingestion of carbohydrate-

containing fluid two hours prior to surgery. This is based

on the concept that excessive fasting is not only

unnecessary but also detrimental.1,2 Furthermore, modern

protocols such as ‘‘enhanced recovery after surgery’’

encourage oral carbohydrate drinks before surgery.3

Nevertheless, various factors known to contribute to

delayed gastric emptying, such as advanced age,4

diabetes mellitus,5 and chronic kidney disease,6 warrant

consideration when managing preoperative fasting because

patients with these factors may not have an empty stomach

even after the generally recommended fasting times.7

Gastric function is generally well preserved during

healthy aging.8 Nevertheless, there are conflicting results

on the effects of aging on gastric emptying time, which

have been reported to be accelerated,9 slowed,10 or

unchanged.11 To date, evidence supports that a modest

slowing of gastric emptying occurs with healthy aging.8

Gastric volume (GV) can be influenced by slowing of

gastric emptying in older adults. Nevertheless, studies

regarding the safety profile of carbohydrate drinking two

hours prior to surgery among older adults are still lacking.

The present study aimed to assess the safety of drinking

carbohydrate-containing fluids two hours prior to surgery

in older adults. Toward this goal, we sought to compare the

residual GV between patients who fasted and patients who

ingested carbohydrate-containing fluids two hours

preoperatively.

Methods

Study design and patients

We conducted a prospective nonrandomized and

noninferiority comparative study at Seoul National

University Bundang Hospital between September 2020

and March 2021 according to institutional and Good

Clinical Practice guidelines. The participants were older

adults (age, 65–85 yr) scheduled for total knee arthroplasty

(TKA). Patients older than 86 yr and those with diabetes

mellitus, chronic kidney disease, and an American Society

of Anesthesiologists (ASA) Physical Status score C III

were excluded.

Ethics

This study complied with the 1964 Helsinki Declaration

and its later amendments. After approval by Institutional

Review Board on 31 August 2020 (B-2008/633-301;

Chairperson, Hak Chul Jang; Seoul National University

Bundang Hospital), the protocol was registered at

ClinicalTrials.gov (NCT04514380, registered on 14

August 2020). The first patient was recruited on 16

September 2020 and the last patient on 19 March 2021.

All patients gave their written informed consents before

participation.

Trial protocol

Two surgeons performed the TKAs following similar

clinical procedures, except for the preoperative fasting

protocol. One protocol was overnight fasting, and the other

was ingestion of 400 mL of a carbohydrate-containing fluid

two hours prior to surgery (Nucare NoNPO� [12.8%

maltodextrin, 50 kcal�100 mL-1, 0.52 mg�mL-1 sodium,

0.48 mg�mL-1 potassium]; Daesang Wellife, Seoul,

Republic of Korea). We matched patients in the

carbohydrate ingestion group and the fasting group for

age (difference, ± 2 yr), sex, and body mass index (BMI;

difference, ± 2 kg�m-2).

Pre-emptive oral analgesia comprised pregabalin 75 mg,

celecoxib 200 mg, and acetaminophen 650 mg with \ 20

mL water and was administered 30–60 min before surgery.

Ultrasound examination

In the preoperative holding area, ultrasound scanning was

conducted twice, with patients in a semirecumbent and

right lateral decubitus (RLD) position for greatest

sensitivity.12 The anesthesiologist who performed the

ultrasound scanning was blinded to the patient grouping.

A cross-sectional image of the gastric antrum was acquired
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using a low-frequency convex array transducer (probe

rC60xi, 2–5 Hz) connected to a Sonosite EDGE II

ultrasound machine (Fujifilm Sonosite, Inc., Bothell, WA,

USA). The gastric antrum was evaluated according to a

standard protocol.13 We identified the gastric antrum along

the edge of the left lobe of the liver anteriorly, and anterior

to the aorta in the sagittal or sagittal oblique sonographic

view at the epigastric level (Fig. 1). Gastric content was

assessed both quantitatively and qualitatively.

Quantitative analysis

We used three images of gastric antrum, which were taken

between peristaltic contraction in both semirecumbent and

RLD positions, to calculate the cross-sectional area (CSA).

To determine the CSA of the antrum in the RLD, we used a

formula to calculate the area of an ellipse, using two

perpendicular diameters of the antrum: the anteroposterior

(AP) and craniocaudal (CC) diameters:

CSA ¼ p� AP � CC=4:

We applied the average value of the three measurements

to the following previously validated formula14 to calculate

the residual GV:

GV mLð Þ ¼ 27:0 þ 14:6 � RLD � CSA cm2
� �

�1:28

� age yrð Þ

In the formula, RLD-CSA refers to the antral CSA

measured at the RLD position. A calculated GV \ 0 was

considered 0 mL.

Qualitative assessment

We used the simple three-point grading system defined by

Perlas et al.15 as follows: grade 0 was a completely empty

antrum in both semirecumbent and RLD positions; grade 1

was an empty antrum in the semirecumbent position, but

visible fluid in the RLD position, and grade 2 was visible

fluid in the antrum in both positions, implying a high-

volume state.

Outcome measurements

The primary outcome measure was the calculated GV. The

secondary outcomes were the qualitative GV (grades 0, 1,

and 2) and the CSA of the antrum.

Sample size

We calculated the sample size using the TrialSize Package

for R (TwoSampleMean.NIS; R Foundation for Statistical

Computing, Vienna, Austria), based on alpha = 0.025, beta

= 0.9, sigma = 25, k = 1, delta = 50, and margin = 27

(where alpha, beta, sigma, k, and margin denote

significance level, power, pooled standard deviation [SD]

of two groups, allocation ratio, noninferiority margin, and

true mean difference between two groups, respectively). It

was calculated that 28 patients were needed per group to

estimate a pooled SD of 25 mL for the primary outcome.

This should detect a difference in means of 27 mL with a

noninferiority margin of 50 mL, for an alpha level of 0.025

and a power of 90%. On the assumption of an overall rate

of loss to follow-up of 20%, this generated a sample size of

32 participants per group.

Statistical analysis

Continuous variables are presented as mean (SD) and

categorical variables are presented as numbers and

proportion (n/total N [%]). After normality check using

the Shapiro–Wilk test, Student’s t test or Fisher’s exact test

was used for the former and the Chi square test was used

for the latter. We used IBM SSPS for Windows version 25

software (IBM Corp., Armonk, NY, USA) for the

calculations and considered all P values significant at the

\ 0.05 level.

Results

A total of 68 patients scheduled for TKA were evaluated

for eligibility. After matching for age, sex, and BMI, the

carbohydrate and fasting groups included 32 patients each.

Among them, two patients in each group (total four

Fig. 1 Ultrasound image of the gastric antrum in the epigastric area

obtained in a sagittal or parasagittal plane. The arrows indicate the

gastric antrum; P = pancreas.
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patients) were excluded because of poor ultrasound images,

leaving 30 participants in each group for analysis (Fig. 2).

Table 1 shows the patients’ baseline characteristics.

Gastric volume

The mean (SD) GVs were 28.4 (35.8) mL and 30.2 (25.4)

mL in the carbohydrate and the fasting group, respectively

(Table 2). The mean difference of GV was -1.9 (95%

confidence interval [CI], -17.9 to 14.2). Noninferiority

was identified because the upper limit of the 95% CI was

lower than the predetermined noninferiority margin (d =

50) (Fig. 3). The GV/kg was comparable between the two

groups (Table 2).

Cross-sectional area and grade

The CSA measured in either semirecumbent or RLD

position did not differ significantly between the two groups

(Table 2). In the qualitative assessment (Table 2), only one

patient showed grade 2 gastric content in the carbohydrate

group, whose calculated residual GV was 80.1 mL.

Discussion

Despite the probability of slower gastric emptying in older

adults, few studies have evaluated the safety of

carbohydrate drinking two hours prior to surgery among

this population. This study showed that ingestion of

carbohydrate-containing fluid two hours prior to surgery

was noninferior to overnight fasting with respect to

residual GV in older adults. This finding supports the

hypothesis that normal gastric emptying is maintained in

older adults without risk factors of delayed gastric

emptying.

Gastric emptying following carbohydrate solution intake

has been evaluated in several studies.16,17 Nevertheless,

most studies have been conducted in healthy volunteers or

adults aged under 65 yr. Jian et al.18 evaluated the gastric

CSA after the ingestion of a carbohydrate solution in

healthy volunteers and showed that carbohydrate intake

two hours preoperatively was safe prior to anesthesia.

Furthermore, in term parturients who ingested 400 mL of a

carbohydrate fluid two hours prior to elective Cesarean

delivery, the residual GV returned to the baseline levels

within 100 min after the ingestion and did not increase the

risk of pulmonary aspiration.19

Gastric emptying time in older adults remains

controversial.9–11 One study compared the liquid

emptying time between young (24–51 yr) and older

(71–81 yr) males and reported that the absorption speed

of a liquid (but not solid) meal was slower in older men

than in younger men, showing retention of 40% in the older

men and 25% in the younger men at 120 min.4 In contrast,

Hellström et al.20 observed no evidence of delayed gastric

emptying and reported that oral intake of a carbohydrate

drink prior to surgery did not increase the pulmonary

aspiration risk in older women undergoing hip fracture

surgery. Despite the coexistence of additional risk factors,

such as stress caused by injury, pain, or diabetes, which are

known to influence gastric motility, the gastric emptying

rate was similar between the old group and the sex-

matched control group.

Our results support the notion that there is no difference

in residual GV between carbohydrate ingestion and

Fig. 2 Patient inclusion flow

chart
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overnight fasting. After administration of 400 mL of

carbohydrate fluid, the mean residual GV was about 28

mL. Although one patient had grade 2 GV, the calculated

volume was 81 mL (1.3 mL�kg-1), and this did not exceed

the volume considered as high risk for pulmonary

aspiration (1.5 mL�kg-1).

Several studies have reported that preoperative

carbohydrate intake did not affect the gastric emptying

time or residual GV and had no adverse events.21,22 In

addition, there were several benefits of drinking

carbohydrate fluid prior to surgery, including reducing

thirst, hunger, feelings of weakness, or postoperative

insulin resistance.23,24

Enhanced recovery after TKA has also shown that

carbohydrate drinking may improve insulin resistance and

glucose metabolism.25 Nevertheless, the routine ingestion

of carbohydrate-containing fluid is not recommended

Table 1 Patient baseline characteristics

Characteristic Fasting group Carbohydrate group

(N = 30) (N = 30)

Age (yr), mean (SD) 73 (4) 74 (5)

Weight (kg), mean (SD) 60 (7) 60 (8)

Height (cm), mean (SD) 151 (5) 151 (6)

BMI (kg�m-2), mean (SD) 26 (3) 26 (3)

Gender

Male, n/total N (%) 1/30 (3%) 1/30 (3%)

Female, n/total N (%) 29/30 (97%) 29/30 (97%)

BMI = body mass index; SD = standard deviation

Table 2 Comparison of gastric volume

Fasting group Carbohydrate group Difference in means (95% CI) P value

N = 30 N = 30

Quantitative analysis

Gastric volume (mL), mean (SD) 30.2 (25.4) 28.4 (35.8) -1.9 (-17.9 to 14.2) 0.81a

Gastric volume (mL�kg-1), mean (SD) 0.5 (0.4) 0.5 (0.5) -0.06 (-0.32 to 0.20) 0.66a

CSA (supine, cm-2), mean (SD) 3.7 (1.1) 3.2 (1.2) -0.49 (-1.07 to 0.09) 0.10a

CSA (RLD, cm-2), mean (SD) 6.4 (1.9) 6.2 (2.9) -0.23 (-1.51 to 1.05) 0.72a

Qualitative assessment 0.30b

Grade 0, n/total N (%) 13/30 (43%) 17/30 (57%)

Grade 1, n/total N (%) 17/30 (57%) 12/30 (40%)

Grade 2, n/total N (%) 0/30 (0%) 1/30 (3%)

Differences are (carbohydrate – fasting)
a Fisher’s exact test
b Student’s t test

CSA = cross-sectional area; CI = confidence interval; RLD = right lateral decubitus; SD = standard deviation

Fig. 3 Noninferiority diagram of gastric volume differences in the

carbohydrate group and the fasting group. The dotted line indicates a

noninferiority margin (d) of 50 mL. Squares indicate mean gastric

volume differences (carbohydrate group – fasting group), and error

bars indicate the 95% confidence interval of the difference between

the two groups.
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because evidence remains limited and more research is

needed in older and frail patients. Although the advantages

listed above were not investigated in this study,

preoperative carbohydrate intake can be considered in the

healthy older adult group according to our results. Further

studies are required to confirm that this practice is

independent of regurgitation and pulmonary aspiration in

older adult patients.

As described in the Methods section, two different

preoperative fasting protocols (overnight fasting and

carbohydrate drinking) were followed in our TKA

patients according to the surgeons’ preference. Although

evidence may suggest improvements to fasting guidelines,

it is hard to change an old habit. One observational study

reported that in a cohort scheduled for elective surgery

between 2018 and 2019, the median duration of fasting

from clear liquid was 5 hr 23 min and from solid foods was

14 hr 51 min, which is about 2.5 times the recommended

two and six hours.26 Continuous efforts should be made to

implement the recent fasting guidelines, and excessive

preoperative fasting should be avoided in clinical practice.

This study has some limitations that need to be

considered when interpreting the findings. First, we did

not enroll patients with comorbidities such as diabetes

mellitus and chronic kidney disease. These conditions are

known to influence gastric emptying time, and these

patients are not given carbohydrate-containing fluids in our

institution. Further research is required to investigate the

effects of these conditions on residual GV after drinking

carbohydrate-containing fluid. Second, this was not a

randomized study. Nevertheless, all preoperative care

plans were similar between the two groups except for the

fasting protocol. In addition, age, sex, and BMI were

matched to minimize their effects on the GV. Third, we

cannot rule out a volume effect of water consumed

preoperatively for the pre-emptive oral analgesics.

Nevertheless, the allowed volume was less than 20 mL.

Furthermore, in some studies, the mean GV was

approximately 28 mL to 30 mL even after eight hours of

fasting before surgery,27,28 which is similar to ours in the

fasting group (30.2 mL). Therefore, the small volume of

water taken for pre-emptive oral analgesic medication is

unlikely to have had a significant effect on the residual GV

measured in this study. Finally, since our study was

performed in ASA Physical Status I and II older adults, the

generalizability of the results may be limited.

In conclusion, the residual GV after the ingestion of a

carbohydrate-containing fluid two hours prior to surgery

was noninferior to overnight fasting with respect to

residual GV. Hence, routine overnight fasting to

minimize the risk of gastric aspiration during the

perioperative period in older adults warrants

reconsideration. Nevertheless, several older adults have

underlying disease (i.e., diabetes mellitus and renal

insufficiency), which are known to delay gastric

emptying. Further research is needed in these patients to

evaluate the residual GV after drinking of a carbohydrate-

containing fluid.
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