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Abstract

Background: Previous studies demonstrated conflicting results regarding the determinants of gastric emptying for fluids.

Our aim was to compare gastric emptying times of fluids with different caloric and nutrient content.

Methods: Healthy adult volunteers underwent gastric ultrasound assessment for 4 h after consuming beverages with

different caloric and nutrient content using a crossover design (oat drink with 3% fat [310 kcal], mango juice [310 kcal], oat

drink with 0.5% fat [185 kcal], and blackcurrant juice [175 kcal]). Gastric emptying time, gastric content volume, and the

area under the curve (AUC) of gastric content volumeetime profiles were calculated.

Results: Eight females and eight males completed the study protocol. The mean (SD) gastric emptying times were 89 (32)

min for blackcurrant juice, 127 (54) min for oat drink with 0.5% fat, 135 (36) min for mango juice, and 152 (40) min for oat

drink with 3% fat. Gastric emptying times were slower for oat drink with 3% fat (P¼0.007) and mango juice (P¼0.025) than

for blackcurrant juice. At 1 h after ingestion, gastric content volume was greater for mango juice (P¼0.021) and oat drink

with 3% fat (P¼0.003) than for blackcurrant juice. The AUC was greater for oat drink with 3% fat than mango juice

(P¼0.029), oat drink with 0.5% fat (P¼0.004), and blackcurrant juice (P¼0.002), and for mango juice than blackcurrant juice

(P¼0.019).

Conclusions: Caloric and nutrient content significantly affected gastric emptying times. A high-calorie fruit juice (mango)

exhibited delayed emptying times compared with a low-calorie fruit juice (blackcurrant).

Clinical trial registration: ISRCTN17147574.
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� Caloric content is an important determinant of

gastric emptying. However, previous studies

demonstrated conflicting results regarding the

impact of nutrient composition.
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� In this study, healthy adult volunteers underwent

gastric ultrasound assessment for 4 h after

consuming beverages with different caloric and

nutrient content using a crossover design.

� Gastric emptying was complete within 4 h of inges-

tion for all beverages. Gastric emptying times were
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longer for higher-calorie drinks than lower-calorie

drinks, and higher-fat drinks than lower-fat drinks.

A high-calorie fruit juice (mango) had longer gastric

emptying times than a low-calorie clear fruit juice

(blackcurrant).

� This small study in adult volunteers was performed

in the absence of surgery. Large clinical trials that

also assess safety and patient satisfaction outcomes

are warranted.
Current preoperative fasting guidelines from the European

Society of Anaesthesiology and Intensive Care (ESAIC) and the

ASA recommend at least 6 h of fasting for a light meal of solid

food and at least 2 h of fasting for clear fluids before elective

surgery in adults.1e3 These times, in most respects based on

expert opinion, are meant to result in an empty stomach at

anaesthesia induction. However, fasting longer than neces-

sary is associated with discomfort, increased insulin resis-

tance, decreased intravascular volume,4,5 a longer course of

postoperative care, increased need for ventilator support,

increased rate of re-operation, higher frequency of myocardial

ischaemia, and increased rate of abdominal infection.6 Clear

fluids with low caloric content, such as water, tea, or

lemonade, may be ingested up to 2 h or even 1 h before in-

duction; however, to achieve adequate hydration and meta-

bolic conditions, more calorie- and nutrient-dense drinks

would be beneficial.7e9

Lately, increased interest in preoperative carbohydrate

loading, protein loading, or both has led to the marketing of

several carbohydrate- or protein-containing beverages.10,11

However, the effects of the caloric and nutrient content of

these beverages on gastric emptying have not been adequately

elucidated. The recently updated ASA guideline specifically

highlights the uncertainty regarding the influence of protein

content in preoperative fasting fluids.2 Increased knowledge of

gastric emptying associated with beverages of different caloric

and nutrient content could allow more specific advice about

fasting regimens.

A small study in healthy adult volunteers found similar

gastric emptying rates after ingestion of isocaloric beverages

with different nutrient content in a 2-h protocol, corroborating

earlier work indicating that the most important factor for

gastric emptying time was caloric content.12,13 In contrast,

several studies have shown that high protein and fat content

can slow gastric emptying.14e16 To address the latter discrep-

ancy, we compared the gastric emptying times of equal vol-

umes of beverages with equal caloric content and different
able 1Nutrient content and calories per 500 ml.* Percentages indica
ferences of beverages included in the study: blackcurrant beverage
ith 0.5% fat and with 3% fat: www.garantskafferiet.se, Axfood AB, S
B, Tyreso, Sweden. Note: regarding the blackcurrant beverage, the w
re content as 0.1 g (100ml)�1. The packages of the blackcurrant bev
d no information on fibre content is given.

Drinks Calories (kcal) Carbohyd

at drink with 3% fat 310 38.0
ango juice 310 67.5
at drink with 0.5% fat 185 33.5
lackcurrant juice 175 44.0
nutrient content, beverages with different caloric content and

similar nutrient content, and beverages with different caloric

and nutrient content.

Methods

This single-centre, randomised, crossover study was con-

ducted at Uppsala University Hospital, Sweden. Ethical

approval was received from the Regional Ethical Committee of

Uppsala (March 17, 2021; ref 2021-00623). The protocol was

registered on June 3, 2021 (ISRCTN17147574). Written informed

consent was obtained from all participants.

Eighteen healthy volunteers aged 18e65 yr were recruited

for the study, aiming for equal cohorts of males and females.

Medical students and staff from the Uppsala University Hos-

pital were recruited through e-mail or personal contact. Vol-

unteers with comorbidity associated with delayed gastric

emptying (i.e., diabetes or pregnancy) were excluded. The

participants were asked to fast from midnight but were

allowed clear fluids up to 2 h before the study.23 Closed opaque

envelopes were prepared using a computer-mediated rando-

mised table. At each visit, the participant ingested 500 ml of

the beverage specified in the envelope (Table 1). The ultra-

sound operator was blinded to the ingested beverage. All

participants ingested all four beverages on different occasions,

in a randomised order. The cross-sectional area (CSA) of the

antrum was assessed by ultrasound at baseline before inges-

tion and subsequently every 10e15 min until reaching a value

within 10% of the baseline value or until 4 h after ingestion. At

least 1 day elapsed between each session. The beverages were

oat drink with 3% fat (310 kcal [500 ml]�1), mango juice (310

kcal [500 ml]�1), oat drink with 0.5% fat (185 kcal [500 ml]�1),

and blackcurrant juice (a clear beverage; 175 kcal [500 ml]�1)

(Table 1). These beverages were chosen to obtain two groups of

isocaloric fluids, with one in each group containing fat and

protein from processed oat and one in each group being a fruit

juice. The caloric and nutrient content of each beverage was

obtained from the nutritional content information declared by

the manufacturers (Table 1).

A portable ultrasound device (SII; Fujifilm Sonosite®, USA)

with an 8-3 MHz curved transducer (C35x; Fujifilm Sonosite®,

USA) was used for gastric antrum evaluation. With the partic-

ipant in the right lateral decubitus position, the transducerwas

placed in the epigastric space andbelow the xiphisternumwith

the orientation marker towards the cephalad. The gastric

antrumwas visualised in a short-axis section, and the left lobe

of the liver, abdominal aorta, and superiormesenteric artery or

vein (long axis) were used as landmarks.17e19 Anteroposterior

(AP) and craniocaudal (CC) diameters of the gastric antrumCSA

were determined. Measurements were made three times at
te the relative contributions to the total energy content. *Content
: www.kiviksmusteri.se, Kiviks Musteri, Kivik, Sweden; oat drink
tockholm, Sweden; mango juice: www.fontana.se, Fontana Food
ebsite states the carbohydrate content as 8.8 g (100ml)�1 and the
erage used in the study contain 8.0 g of carbohydrates per 100ml,

rate (g) Protein (g) Fat (g) Fibre (g)

4.0 15.0 2.5
<2.5 <2.5 0.5
5.0 2.5 4.0
0 0 0.5

http://www.kiviksmusteri.se
http://www.garantskafferiet.se
http://www.fontana.se
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each time point, and the average of these threemeasurements

was used for the calculation of the CSA as described

previously.17,18

Gastric antral CSA¼AP�CC�p/4

Gastric volume (ml) was calculated from gastric antral CSA

using the mathematical model reported by Perlas and

colleagues.17

Gastric volume (ml)¼27.0þ14.6�CSA (cm2)e1.28�age (yr)

All measurements were made by two alternating in-

vestigators with experience of ultrasound applications,

initially supervised by the senior author. The primary

endpoint was gastric emptying time, defined as the time to

return to the baseline fasting gastric content volume. Sec-

ondary endpoints were gastric content volumes and the areas

under the curve (AUCs) of gastric content volumeetime

profiles.
Statistical analysis

We did not conduct a formal power analysis, but considered

the results of Okabe and colleagues,12 and settled for a
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Group HighFat (n=16)
  • Received the allocated intervention (n=16)
  • Did not receive the allocated intervention (n=0)

Group Mango (n=16)
  • Received the allocated intervention (n=16)
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Fig 1. Study flowchart. BCurrant, blackcurrant juice; HighFat, oat drink
convenience sample of 18 volunteers. ShapiroeWilk and

D’AgostinoePearson tests were used to assess normal dis-

tribution. Numeric data were expressed as mean and stan-

dard deviation or range. The KruskaleWallis H test was used

to compare more than two groups. The ManneWhitney U

test with Bonferroni correction was used when the analysis

of variance was significant at a 95% confidence level, and

multiple comparisons were made between groups. As the

participants had different numbers of measurements at

slightly different time points, differences in the AUCs of the

calculated gastric volumes were also compared, using Wil-

coxon’s one-sample test. A P-value of <0.05 was considered

significant.
Results

Eighteen participants were recruited to the study. Two were

subsequently excluded because of difficult anatomy for im-

aging, or headache and nausea after fasting, respectively

(Fig. 1). The remaining 16 participants were eight females

(mean age 42 [23e64] yr, mean weight 63 [5] kg) and eight

males (mean age 37 [24e58] yr, mean weight 79 [12] kg).

No participants had visible solid contents in the gastric

antrum at baseline. The mean gastric content volume at

baseline was 65 (41) ml.
Group BCurrant (n=16)
  • Received the allocated intervention (n=16)
  • Did not receive the allocated intervention (n=0)

Group LowFat (n=16)
  • Received the allocated intervention (n=16)
  • Did not receive the allocated intervention (n=0)

(n=1)
usea after fasting (n=1)

ry outcome (n=16 in all groups)

 eligibility (n=18)

ised (n=18)

Excluded (n=0)

with 3% fat; LowFat, oat drink with 0.5% fat; Mango, mango juice.
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Fig 2. The gastric emptying time (min) of four different bever-

ages. BCurrant, blackcurrant juice; HighFat, oat drink with 3%

fat; LowFat, oat drink with 0.5% fat; Mango, mango juice. The

horizontal lines represent means. *P¼0.025 significant differ-

ence between the BCurrant group and the Mango group.-

**P¼0.007 significant difference between the HighFat group and

the BCurrant group.
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The distribution of gastric emptying times of the four

beverages is displayed in Figure 2. Gastric emptying time was

89 (32) min for blackcurrant juice, 127 (54) min for oat drink

with 0.5% fat, 135 (36) min for mango drink, and 152 (40) min

for oat drink with 3% fat. When comparing gastric emptying

times within isocaloric subgroups (blackcurrant vs. oat drink

with 0.5% fat, and mango juice vs. oat drink with 3% fat), we

found no significant differences. When comparing gastric

emptying times between beverages with similar nutrient

content but different caloric content, we found differences

between mango juice and blackcurrant juice (P¼0.025) and

between oat drink with 3% fat and blackcurrant juice

(P¼0.007). Gastric emptying was completed by 4 h for all drinks

(Table 2 and Fig. 3). The gastric emptying times had a

maximum deviation of 5 min. Gastric content volumes are

displayed in Table 2. At 1 h after ingestion, there were signif-

icant differences between blackcurrant juice and mango juice

(P¼0.021) and between blackcurrant juice and oat drink with

3% fat (P¼0.003).

The AUCs of gastric content during the 4-h study protocol

were 10.6 (4.6) L*min for blackcurrant juice, 15.1 (9.7) L*min for

oat drink with 0.5% fat, 18.5 (8.2) L*min for mango juice, and

22.9 (8.4) L*min for oat drink with 3% fat (Fig. 4). There was a
Table 2Gastric content volume (mean [SD]) above baseline at 1,
2, and 4 h after ingestion. The gastric emptying times had a
maximum deviation of 5 min. *Gastric content volume 1 h
after ingestion was significantly lower in the blackcurrant
juice group than in the mango juice (P¼0.021) and oat drink
with 3% fat (P¼0.003) groups. yIn some participants, the gastric
content volume reached baseline before the specified time.

Beverages 1 h (ml*) 2 h (ml) 4 h (ml)

Oat drink with 3% fat 174 [53] 115 [71]y 0
Mango juice 177 [65] 90 [58]y 0
Oat drink with 0.5% fat 146 [64]y 91 [55]y 0
Blackcurrant juice 111 [49]y 60 [43]y 0
significant difference between the isocaloric pair of mango

juice and oat drink with 3% fat (P¼0.029). There were also

differences between drinks with similar nutrient content but

different caloric content: the AUC was greater for mango juice

than blackcurrant juice (P¼0.019) and for oat drink with 3% fat

than oat drink with 0.5% fat (P¼0.004). The difference in AUC

between oat drink with 3% fat and blackcurrant drink was also

significant (P¼0.002).
Discussion

We compared gastric emptying time after ingestion of equal

volumes of four different beverages (with different calorie and

nutrient content) using repeated gastric ultrasound examina-

tions. Gastric emptying was complete by 4 h for all beverages

in all participants. The results showed significant differences

in gastric emptying depending on not only caloric content but,

when applying the secondary outcome AUC in the high-caloric

subgroup, also on nutrient content. This result adds to the

study by Okabe and colleagues,12 who compared regular milk

(3% fat) with glucose-enriched orange juice, and semi-

skimmed milk (1.5% fat) with regular orange juice. They re-

ported that in both high- and low-calorie groups, the isocaloric

drinks had similar gastric emptying profiles during the 2-h

study period. These authors concluded that caloric content is

the main factor influencing gastric emptying. The results

required replication by other research groups.12

Previous studies comparing high- and low-fat solid foods

with equal protein and carbohydrate content indicate that

high-fat food is associated with significantly longer gastric

emptying time.20 Fat in the duodenum stimulates the release

of hormones including cholecystokinin and glucagon-like

peptide-1 which are potent inhibitors of gastric emptying.21

Giezenaar and colleagues16 compared drinks with equal pro-

tein amount but different caloric content (280 kcal/70 g protein

vs. 504 kcal/70 g protein/28 g carbohydrate/12.4 g fat), and re-

ported that the time to complete gastric emptying was similar

(169 vs. 176 min). In contrast, Maughan and colleagues22

studied gastric emptying and energy delivery to the duo-

denum and found that isocaloric fluids containing soy protein

or glucose initially displayed similar gastric emptying pat-

terns, but at 60 min the protein fluid was notably slower to

empty than the glucose solution, possibly as a result of more

rapid absorption of glucose in the intestine or negative feed-

back initiated by the presence of protein.

We could not find significant differences within the isoca-

loric pairs for the primary outcome of gastric emptying time.

However, when analysing the AUC of the gastric content

volumeetime profile, which may be a more sensitive measure

of the kinetics of gastric emptying, we found that the AUC for

the high-fat oat drink (4 g protein, 15 g fat) was significantly

larger than the isocaloric mango drink (<2.5 g protein, <2.5 g

fat). In contrast, there was no significant difference between

the oat drink with 0.5% fat and the blackcurrant juice.

Most current guidelines for preoperative fasting in adults

recommend 2 h of fasting for carbohydrate-containing clear

fluids and 6 h for a light meal of solids and non-clear

fluids.2,3,23 The recently updated ASA guideline noted that

ingestion of carbohydrate-containing clear fluids 2 h before

anaesthesia significantly reduces hunger and thirst without

increasing the risk of complications, but that there is insuf-

ficient data for preoperative fluids containing protein or fat.2

Non-human milk-based products are regarded as solids.

These guidelines would guarantee moderate preoperative
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fasting times and patient comfort, but several audits have

shown that fasting times more than 12 h are not uncommon,

which can be detrimental in vulnerable patients.24,25

Furthermore, two recent meta-analyses confirmed that pre-

operative carbohydrate loading may reduce perioperative in-

sulin resistance.26,27 Although caloric content is an important

determining factor of gastric emptying, we may have to take

into account nutrient content, especially protein and fat,

when categorising beverages for fasting rules. The present

study indicates that high-calorie fruit juices, such as mango

juice, and milk products with fat content as low as 0.5% do

not fit into the concept of clear fluids. The blackcurrant juice

was eliminated well within the 2-h limit of current guidelines

in spite of the relatively large volume ingested.

In the current study, gastric emptying for all four beverages

was completed within 4 h in all volunteers. Even a relatively

large volume of protein- or fat-containing non-clear fluid with

up to 310 kcal could probably be considered 4 h before

anaesthesia, although safety in surgical patients would need

to be assessed. Future studies with beverages of different

compositions but similar protein and fat content, such as
cow’s milk or yoghurt, and with a larger number of partici-

pants, are needed to confirm these results. The large interin-

dividual differences in gastric emptying time and AUC in our

study, evident in Figures 2 and 4, emphasise that preoperative

fasting regimens should not be based on mean values alone.

Strengths and limitations

The strengths of this study are that repeated gastric ultra-

sound measurements were performed according to a strict 4-

h protocol and that products from the supermarket with

similar energy content were used to compare different types

of beverages. Furthermore, the crossover design required a

smaller study population, and possible individual variations

were likely to have the same impact in all interventions.

There are some limitations. Measurements were performed

on healthy adults in the absence of surgery, whereas preop-

erative anxiety while waiting for surgery may have an impact

on gastric emptying. Gastric ultrasound is operator-

dependent, and some subjectivity in the assessment of

acceptable ultrasound imaging must be considered, especially

when the antral CSA continuously changes because of gastric

mailto:Image of Fig 3|eps
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Fig 4. The areas under the curve (AUCs) of the calculated gastric

volumes after ingestion of the four beverages. BCurrant, black-

currant juice; HighFat, oat drink with 3% fat; LowFat, oat drink

with 0.5% fat; Mango, mango juice. *P¼0.029 significant differ-

ence between the Mango and HighFat groups. **P¼0.019 signif-

icant difference between the BCurrant group and the Mango

group. ***P¼0.002 significant difference between the HighFat

group and the BCurrant group. ***P¼0.004 significant difference

between the HighFat group and the LowFat group.
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peristalsis. The oat drink with 0.5% fat did not have exactly

the same caloric content as the blackcurrant juice, which

could marginally affect gastric emptying time. The manu-

facturers’ specifications may have missed small amounts of

fat and protein in the mango and blackcurrant juices,

explaining a higher caloric content than expected from the

carbohydrate content alone. We did not investigate the in-

fluence of osmolality and viscosity of the beverages.28e30 This

study was not powered to prove equivalence of gastric

emptying within isocaloric pairs. The results of the AUC

analysis were secondary outcomes and should therefore be

regarded as exploratory. Larger studies, performed in a clin-

ical setting, are warranted.

In conclusion, caloric and nutrient content significantly

affected gastric emptying times. A high-calorie fruit juice

(mango) exhibited delayed emptying times compared with a

low-calorie fruit juice (blackcurrant).
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