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Abstract

Background The effect of preoperative oral carbohydrates (POC) on insulin resistance (IR) of laparoscopic chol-
ecystectomy (LC) remains debatable. Enzyme-hydrolyzed rice flour (EHR) is a kind of water-soluble micromolecular
carbohydrates. This study aimed to investigate the impact of preoperative oral EHR solution on gastric emptying and
IR in patients undergoing LC.

Methods Patients (n=100) undergoing LC were divided into oral-water group (group C) or oral-EHR solution (group
E) randomly (n=50 each), and the patients drank 300 ml water or EHR solution 2-3 h before surgery respectively.
Gastric emptying which was quantized by gastric volume (GV) from antrum ultrasonography, IR indicators, subjective
comfort indicators, handgrip strength, postoperative recovery indexes, and complications were recorded.

Results There were no differences in GV between the two groups before oral administration (V,), immediately after
oral administration (V,) and before anesthesia induction(V,). The GV at V, (GV,) reduced to the level of V, (GV,) in the
two groups. Fasting glucose (FG), fasting insulin (FINS) and Homa-IR in the two groups increased at postoperative day
1 (Pos 1d) compared with those at preoperative day 1(Pre 1d). Homa-IS and Homa-3 in the two groups decreased

at Pos 1d compared with those at Pre 1d. FG, FINS and Homa-IR in group E were lower than those in group C at Pos
1d, and Homa-IS and Homa-[3 were higher in group E than those in group C at Pos 1d. Subjective comfort indictors
(hunger, fatigue and anxiety) in group E were lower than those in group C at preoperative 15 min (Pre 15 min) and
postoperative 1 h (Pos 1 h). Handgrip strength in group E was raised compared with that in group C at Pre 15 min, Pos
1 hand Pos 1d. There was a lower incidence of nausea and earlier exhaust time in group E.

Conclusion Oral 300 ml EHR solution 2-3 h before LC surgery did not increase the occurrence of reflux and aspira-
tion during anesthesia induction with a normal gastric emptying, ameliorated postoperative IR, improved subjective
comfort, and promoted postoperative gastrointestinal function recovery.
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Trial registration Prospectively registered at the China Clinical Trial Registry, registration number:

ChiCTR2000039939, date of registration:14/11/2020.
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Introduction

Surgical trauma and anesthesia factors can inevitably
induce postoperative insulin resistance (IR) [1]. Tradi-
tional strategy of preoperative starvation aiming to pre-
vent regurgitation and aspiration of stomach contents
exacerbated the level of postoperative IR [2]. IR was a
state of glycolipid metabolism disorder which increased
endogenous glucose production, lessened glycogen syn-
thesis and gluconeogenesis in hepatocytes, inhibited
lipolysis metabolism, and finally lead to excessive con-
sumption of triglyceride (TG) and protein storage [3].
Research showed that IR contributed to postoperative
infection and other complications, prolonged hospital
stays [4].

Preoperative oral carbohydrates (POC) treatment
at least 2-3 h before surgery, as one of the important
parts of enhanced recovery after surgery (ERAS), has
been proved to bring perioperative benefits and pro-
mote recovery for patients [5]. Nowadays, there are
multiple kinds of carbohydrates which develop incon-
veniences for homogeneous management and propa-
ganda of POC among different departments. And some
kinds are expensive to increase patient hospital expenses.
Enzyme-hydrolyzed rice flour (EHR) is a cheap pro-
duction containing various micromolecular saccha-
rides which is converted from macromolecular starch
through enzymolysis technology. EHR is easily soluble
in water, and the solution is a clear liquid which meets
the carbohydrate standard in ERAS guidelines [6]. Lapa-
roscopic cholecystectomy (LC) is an effective treatment
for gallbladder stones and cholecystitis. Although LC is
a minimally invasive surgery with less trauma, it is also
accompanied with stress response and postoperative IR
[7]. POC has been proved to reduce IR in most types of
surgery [8, 9], however the effect of POC on LC remains
controversial [10, 11].

Previous research showed that antrum ultrasonog-
raphy can accurately measure the quality and quantity
of gastric contents [12]. In our preliminary study for 30
healthy volunteers, the outcomes showed that the gastric
content measured by antrum ultrasonography returned
to the fasting level 2 h after oral EHR solution. Therefore,
we conducted a randomized prospective study to evalu-
ate the gastric emptying by bedside antrum ultrasonog-
raphy and the influence on IR of oral EHR solution 2-3 h
before LC operation.

Methods

Study design and participants

Gastric emptying and insulin resistance index were two
primary outcomes in this study. We assumed the sample
size based on the two outcomes respectively through set-
ting the parameters of 90% power, 5% of a type 1 error,
10% of missing rate, and equivalent cases. In our pre-
experiment, the mean of gastric volume (GV) 2 h after
oral liquid in both groups are 38 ml, the combined stand-
ard deviation of the two groups was 10 ml, and the non-
inferiority margin was -6 ml. Each group would need 48
patients using non-inferiority tests for two means in term
of gastric emptying. According to previous study [13] and
our pre-experiment results, the insulin resistance (IR)
index in group C was 3.5£0.9, while it was 2.9+0.8 in
group E at postoperative day 1 (Pos 1d). Thus 50 patients
in each group would be required. Finally, 100 of 110
patients were recruited in the study.

This prospective, randomized and controlled study
was approved from Ethics Committees of the Qingdao
Municipal Hospital (XCJJ No. 014 (fast) in 2020), and
registered in the center of Chinese Clinical Trial Regis-
try (ChiCTR2000039939). Written informed consent was
obtained from participating hospitalization patients. A
total of 110 patients between January 2021 and August
2021 in the hepatobiliary surgery of Qingdao Municipal
Hospital was enrolled in the study who were divided into
two groups: oral-water group (group C) and oral-EHR
solution group (group E). The inclusion criteria were as
follows: patients undergoing elective laparoscopic chol-
ecystectomy before 12 am; 18-64 years old; American
society of anesthesiologists (ASA) classification of grade
I or II and cardiac function of grade I or II; body mass
index (BMI) between 19-30 kg/m% The exclusion cri-
teria included patients with gastric emptying disorders
(gastroesophageal reflux and digestive tract obstruction,
etc.); with diabetes mellitus; with a history of abdominal
operation; with a history of alcohol dependence or drug
abuse; allergic to maltodextrin; women in pregnancy or
lactation period; patients who cannot understand con-
tents of VAS scores due to communication or cognition
disorders.

Randomization and masking
The patients were assigned to group C or group E ran-
domly and equally using a random number table method.
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All patients started fasting after supper and were forbid-
den from fluid intake after 24:00 the day before surgery.
Patients in group C were required to drink 300 ml clear
water, while patients in group E needed to ingest 300 ml
solution of 2.5 packets of EHR (20 g/packet, Bangshidi
(Guangdong) Medical Food Co., Ltd) within 5 min that
were provided by nurses in ward 2-3 h prior to surgery.
According to the instructions of EHR production, it con-
tains 93 g of carbohydrate, 2 g of dietary fiber and 200 mg
of sodium, and no protein or fat per 100 g of EHR. The
patients didn’t know which kinds of liquids they drunk.
The anesthesiologists who implemented anesthesia or
evaluated the following indicators (antrum ultrasonog-
raphy, insulin resistance indicators, handgrip strength,
complications) were blinded to the assignment.

Anesthesia

Procedures of anesthesia and operation were carried
out by one fixed group of anesthesiologists and sur-
geons. After NBP, ECG, SpO,, temperature and BIS
index were monitored, sequential induction of general
anesthesia was initiated with 0.05 mg-kg~' midazolam,
0.3 mg-kg~! etomidate, 0.3-0.5 pg-kg™! sufentanil, and
0.10-0.15 mgkg™! cisatracurium intravenously. Then,
volume controlled mechanical ventilation was applied
after endotracheal intubation, and the ventilatory set-
tings were adjusted to keep the PetCO, at 35-50 mmHg.
Anesthesia was maintained by inhalational 1.5%-3%
sevoflurane, intermittent infusion of cisatracurium, con-
tinuous infusion of 0.2-0.5 pg-kg™'-min~! remifentanil
and 0.2-0.7 pg-kg '-h~! dexmedetomidine. The NBP and
HR fluctuated ranging 420 of baseline, and the BIS was
maintained between 40—60 through adjusting the dosage
of sedation analgesia and vasoactive medicines. Before
skin suture, incision infiltration with 0.375% ropivacaine
was performed for postoperative analgesia.

Assessment of gastric emptying

One fixed anesthesiologist who has received profes-
sional antrum ultrasonic training performed the bed-
side antrum ultrasonic scanning before oral liquid (V,),
immediately after oral liquid (V;) and before induction
(V,) to assess the gastric emptying. According to a pre-
viously depicted scanning protocol [14], the patient was
laid in the right lateral decubitus position, and a low
frequency (2 to 5 MHz), curvilinear array transducer
(M-Turbo, Sonosite Co., Ltd, American) was slidden
from the midsagittal to right parasagittal plane to iden-
tify the gastric antrum between the left lobe of the liver
and the pancreas, at the level of the aorta or inferior
vena cava. The image of gastric antrum was frozen at rest
rather than during peristaltic contractions, and the anter-
oposterior (AP) and craniocaudal (CC) antral diameters
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were measured. The cross-sectional area of the antrum
(CSA) was calculated using the mathematical model
CSA=m x (AP x CC=4). The mean of three measure-
ment was used to calculate the gastric volume (GV) on
the basis of Perlas model (2013) formula [15]: GV(ml) =
27.0 +14.6 x CSA(cm?)-1.28 x age. Then the AGV (GV1-
GV0) was obtained.

Insulin resistance indicators

Antecubital venous blood samples were collected at pre-
operative day 1 (Pre 1d), and postoperative day 1(Pos 1d)
to test the serum levels of fasting glucose (FG) and insulin
(FINS) via an chemistry automatic analyzer and radioim-
munoassay method respectively. The homeostatic model
assessment (Homa) was most commonly used to evalu-
ate the fasting related indicators of insulin resistance in
clinical practice [16]. The insulin resistance index was
calculated as Homa-IR=FG x FINS /22.5, the insulin
secretion index was calculated as Homa- =20 x FINS/
(FG-3.5) x 100%, and the insulin sensitivity index was
calculated as Homa-IS =1/Homa-IR. The unit of glucose
was mmol-L~}, and the insulin was m IU-L™! in above
formulas. We assessed the above indicators at Pre 1d and
Pos 1d.

Subjective comfort indicators, handgrip strength

and other indicators

Visual analog scale (VAS) score was used to evaluate the
subjective comfort indicators (thirst, fatigue, hunger and
anxiety) at Pre 1d, Pre 15 min and Pos 1 h. The scores
were composed of ten vertical lines from the left to
right, the left-most and right-most vertical line indicated
“not undergoing the discomfortable symptom” and “the
worst emotional experience” that corresponded to the
score from O to 10. The handgrip strength of dominant
hand was measured using a corrected grip dynamometer
(CAMRY EH101, SENSSUN Co. Ltd, Guangdong, China)
at Pre 1d, Pre 15 min, Pos 1 h and Pos 1d. Adjusted dis-
tance of the dynamometer to the second joint of the
index finger in accordance with the size of dominant
hand to ensure the measurement precision. According
to previous study [17], the patients lied in the 4+ 30° semi-
recumbent position: shoulders adducted and neutrally
rotated, elbow flexed, upper limb leaned on bed, wrist
neutrally positioned. The patients completed 3 consecu-
tive maximal isometric contraction for 3 s with10-30 s
interval. The mean of 3 measurements was recorded as
the handgrip strength.

The occurrence of gastroesophageal reflux and aspi-
ration during anesthesia induction, adverse reaction
including nausea, vomiting within 24 h postoperative, the
exhaust time, postoperative complications, reoperation
rate, infection and the hospital stay were recorded.
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Statistical analysis

SPSS 22.0 software (SPSS, Inc., Chicago, IL) was used
for all statistical analysis. The measurement data
in line with normal distribution were presented as
the means+standard deviation (x=+s). Independ-
ent samples ¢ test was used for comparison between
two groups. Single-sample ¢ test was used for com-
parison between the sample mean and population
mean. Paired ¢ test was used for comparison between
two different time points in the same group. Repeated
measures analysis of variance (ANOVA) was used to
determine the difference among time points in the same
group, followed by least significant difference post hoc
test. The measurement data of abnormal distribution
were presented as median (interquartile range (IQR)),
and were analyzed by Mann—Whitney U test. The dif-
ference of enumeration data was detected by x> test or

Page 4 of 10

Fisher’s exact test. A value of P<0.05 was recognized as
statistically significant.

Results

In total, 110 patients who underwent LC between Janu-
ary 2021 and March 2021 were enrolled in this study.
Ultimately, there were 50 patients who completed the
study in each group. The study scheme is shown in
Fig. 1.

Univariable analysis shows that demographics includ-
ing gender ratio, age, BMI and ASA classification were
similar between the two groups (P>0.05). In general,
there were no significant differences in time between
intake and induction, operative duration and the intra-
operative blood loss (P >0.05, Table 1).

[ Enrollment ]

Assessed for eligibility (n=110)

Excluded (n=8)
Not meeting inclusion criteria (n=6)
Declined to participate (n=2)
Other reasons (n=0)

Randomized (»=102)

!

v (
L

Allocation

\4

~—

Allocated to oral-EHR solution group (#=51)
Received allocated intervention (n=51)
Did not receive allocated intervention (#=0)

Allocated to oral-water group (n=51)
Received allocated intervention (#=51)
Did not receive allocated intervention (#=0)

Lost to follow-up (give reasons) (n=1) l

Follow-Up

]Lost to follow-up (give reasons) (n=1)

Conversion to open operation due to severe
adhesion
Discontinued intervention (#=0)

Operation implemented after 12 am

Discontinued intervention (#=0)

Analysis ] v

Analysed (n=50)
Excluded from analysis (#=0)

Fig. 1 Flow-chart of patient selection

Analysed (n=50)
Excluded from analysis (#=0)
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Table 1 Baseline characteristics of the two groups

Group C (n=50) Group E (n=50) P-value
Gender (n, %)

Male 28(56) 26(52)

Female 22(44) 24(48) 0.668
Age (year, mean =+ SD) 523+92 53.1+£82 0.626
BMI (kg/mz, mean £ SD) 253439 252440 0910
ASA classification (n, %)

| 24(48) 22(44)

Il 26(52) 28(56) 0.668
Time between intake and induction (min, mean = SD) 1473+£25.1 149.14+£24.2 0.716
Operative duration (min, mean =4 SD) 65.6+194 66.84+19.0 0.747
blood loss (ml, M (P25, P75)) 15(10,20) 15(10,15) 0.733

BMI Body mass index, ASA American Society of Anesthesiologists, SD Standard deviation, M Median, P Percentile

P-value indicates the statistical difference between the two groups

Table 2 AGV and actual drinking volume in the two groups

AGV (ml, mean+SD) actual drinking P-value

volume(ml)
Group C(n=50) 2982+£11.0 300 0.260
Group E(n=50)  300.2+10.6 300 0.887
Total (n=100) 299.2+£109 300 0470

GV, Gastric volume before oral liquid, GV, Gastric volume immediately after
oral liquid, GV, Gastric volume before induction, AGV =GV,-GV,, SD Standard
deviation

P-value indicates the statistical difference between the AGV and actual drinking
volume

Gastric volume under gastric ultrasound

We rechecked the applicability of Perlas model (2013)
formula for the two kinds of drinks in the study pop-
ulation. The single-sample ¢ test showed that AGV
(GV,-GV,) in each group and the total AGV was simi-
lar to actual drinking volume 300 ml (P> 0.05, Table 2)
which indicated the accuracy of the formula with
regards to water or EHR solution.

We detected the gastric emptying of the two kinds of
drinks using the ultrasound and the formula (Fig. 2).
There were no significant differences between the two
groups with respect to GV, GV; and GV, (P>0.05).
The GV, had a significant increase in comparison with
GV, (P<0.01), however the GV, shrank to the level of
GV, in both of the groups (P>0.05, Table 3).

Insulin resistance indicators

The levels of FG, FINS and Homa-IR increased, and the
levels of Homa-IS and Homa-p declined at Pos 1d com-
pared with those at Pre 1d in the two groups respec-
tively (P <0.05).

There was no difference in the baseline of blood glu-
cose, insulin, Homa-IR, Homa-IS, and Homa-f at Pre
1d between the two groups (P> 0.05). However, the val-
ues of FG, FINS and Homa-IR in group E were lower
than those in group C (P<0.05), while the values of
Homa-IS and Homa-p in group E were higher than
those in group C (P<0.05) at Pos 1d. (Table 4).

Subjective comfort parameters and handgrip strength

We compared the VAS scores of subjective comfort
parameters (thirst, fatigue, hunger and anxiety) and
handgrip strength between the two groups. All the above
indicators between the two group were at the similar lev-
els at Pre 1d (P>0.05). There was no distinct difference
in the VAS score of thirst between the two group at Pre
15 min and Pos 1 h (P>0.05). The VAS scores of fatigue,
hunger and anxiety in group E were significantly lower
than those in group C both at Pre 15 min and Pos 1 h
(P<0.05 or 0.01). The handgrip strength in group E was
higher than that in group C at Pre 15 min, Pos 1 h and
Pos 1d (P<0.05, Table 5).

Postoperative rehabilitation indicators and complications
The incidence of nausea in group E declined while com-
pared with that in group C within 24 h after operation
(P<0.05). The time to first flatus in group E was earlier
than that in group C (P<0.05). There was no gastroe-
sophageal reflux or aspiration happened during anesthe-
sia induction in all the subjects. The hospital stay of the
two groups was not different (Table 6). All the patients
discharged uneventfully without complications including
bile leaking, biliary injury, hemorrhage, incision infection
or pneumonia. There were no reoperation or readmission
occurred within 30 days after operation.
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Group C

Group E

GV,

GV,
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GV,

Fig. 2 Sagittal scan of the antrum at different time points in the two groups. A=gastric antrum, L =liver, P = pancreas, SMA = superior mesenteric
artery, IVC =inferior vena cava, SMV = superior mesenteric vein, Group C = oral-water group, Group E = oral- EHR solution group, GV0 = gastric
volume before oral administration, GV1 = gastric volume immediately after oral administration, GV2 = gastric volume before anesthesia induction

Table 3 Gastric volume under gastric ultrasound in the two

groups
Group C(n=50) GroupE (n=50) P-value
GV, (ml, mean=£SD)  37.0+£7.9 384470 0352
GV, (ml,mean+SD)  3352414.1° 33864143 0.237
GV, (ml, mean=+SD)  384+69 371483 0.394

GV, gastric volume before oral liquid; GV, gastric volume immediately after oral
liquid; GV,, gastric volume before induction; SD, standard deviation

P-value indicates the statistical difference between the two groups at the same
time point

" Indicates a statistically significant difference compared with GV,, P<0.01

Discussion

Preoperative oral carbohydrate (POC) has been recog-
nized as an important element of guidelines for ERAS,
and received increasing attention from anesthesiologists
[18, 19]. POC has been demonstrated to provided lots of
benefits for patient, such as reducing traumatic inflam-
matory response [20], relieving postoperative insulin
resistance (IR) and organ dysfunction, improving subjec-
tive comfort [21] and accelerating postoperative rehabili-
tation. However, the categories of carbohydrate drinks are
abundant [22] which bring an extensive choice for pre-
operative carbohydrate loading, also cause problems for
homogeneous management and preoperative publicizing

Table 4 Insulin resistance indicators in the two groups

Group C (n=50) Group E (n=50) P-value

FG(mmol/L, mean 4 SD)

Pre 1d 52409 52407 0.666

Pos 1d 74412 67412 0010
FINS(mU/L, mean £=SD)

Pre 1d 76414 75417 0.706

Pos 1d 108+£19 96422 0.005
Homa-IR (mean £ SD)

Pre 1d 18406 18406 0.609

Pos 1d 36+£12" 3012 0.007
Homa-IS (M(P25, P75))

Pre 1d 0.5(0.4,0.8) 0.6(0.5,0.8)° 0.605

Pos 1d 0.3(0.2,04)" 04(03,05) 0018
Homa-B (M(P25, P75))

Pre 1d 81.0(67.2,173.27° 89.5(759,117.3)° 0.504

Pos 1d 58.4(50.0,61.1)° 60.9(53.4,66.8)" 0.045

FG Fasting glucose, Fins Fasting insulin, HOMA-IR Homeostasis model
assessment-insulin resistance index, HOMA-IS Homeostasis model assessment-
insulin sensitivity index, HOMA-f Homeostasis model assessment-(3; Pre 1d
Preoperative day 1, Pos 1d Postoperative day 1, SD Standard deviation, M
Median, P Percentile

P-value indicates the statistical difference between the two groups at the same
time point

“ Indicates a statistically significant difference compared with Pre 1d, P<0.05

2 Indicates values that were not subject to normal distribution (ManneWhitney
Utest)
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Table 5 Subjective comfort parameters and handgrip strength
in the two groups

Group C (n=50) Group E (n=50) P-value

Thirst (score, mean 4= SD)

Preld 15405 14406 0.858

Pre 15 min 12404 12404 0.806

Pos 1 h 31408 29408 0.132
Fatigue (score, mean £ SD)

Preld 30408 30407 0.796

Pre 15 min 31408 27407 0010

Pos 1h 39412 334117 0.007
Hunger (score, mean £ SD)

Preld 31409 30407 0616

Pre 15 min 32410 26408 0.002

Pos 1 h 40410 33£11 0.001
Anxiety (score, mean £ SD)

Preld 31409 30408 0.907

Pre 15 min 37409 33409" 0.025

Pos 1 h 35408 31407 0.009
Handgrip strength (Kg, mean £ SD)

Preld 312479 307474 0.750

Pre 15 min 314488 353499 0.038

Pos 1h 295480 336+84 0016

Pos 1d 308+83 344484 0.037

Pre 1d Preoperative day 1, Pre 15 min Preoperative 15 min, Pos 1 h Postoperative
1 h, Pos 1d Postoperative day 1, SD Standard deviation

P-value indicates the statistical difference between the two groups at the same
time point

" Indicates a statistically significant difference compared with Pre 1d, P<0.05

Table 6 Postoperative rehabilitation indicators and

complications

Group C (n=50) Group E (n=50) P-value

Nausea (n, %) 13(26) 5(10) 0.037
Vomiting (n, %) 3(6) 12) 0617
first flatus (h, 185450 16.2+4.1 0.015
mean £ SD)
hospital stay (d, 63+14 62+13 0.706
mean £ SD)

SD Standard deviation

P-value indicates the statistical difference between the two groups

and education across different departments of identi-
cal hospital. Moreover, the high price of most carbohy-
drate products increases hospital expenses. Therefore,
it is important to provide clinical application with opti-
mal carbohydrate drinks with characteristics of effort-
less gastric emptying, agreeable palatability, good patient
compliance to implement, being economical, promoting
postoperative physical status. Enzyme-hydrolyzed rice
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flour (EHR) solution is convenient for unified administra-
tion, propaganda education, large-scale promotion and
clinical application. In the study, we evaluate the gastric
emptying of oral EHR solution, and its effect on IR.

The published data [23] showed that in non-diabetes
population the plasma insulin level reached the peak
(>10 times of fasting value) at about 1 h after intake of a
mixed-meal containing 50 g of carbohydrates, and kept at
2—4 times of fasting value at 2-3 h after intake. Previous
study recommended patients to ingest 300-400 ml solu-
tion containing 50 g of carbohydrates 2—3 h before sur-
gery [19]. Thus, we dissolved 2.5 packages of EHR (50 g,
containing 46.5 g carbohydrates) in 300 ml warm water
for patients in group E. Scholars [13] compared the dif-
ferences between preoperative oral single-dose carbo-
hydrate and double-dose carbohydrates. The outcomes
showed that POC at the night before surgery did not con-
solidate the influence of POC at 2-3 h before surgery on
insulin resistance, subjective comfort, inflammation and
immunity, instead disturb the patients’ sleep quality con-
versely. Accordingly, we chose the regime of single-dose
EHR solution loading 2—3 h before surgery in the study.

Bedside antrum ultrasonography is an accurate, quick
and effective technology to evaluate the properties and
volume of gastric contents [24]. Meanwhile, the tech-
nology is easy to grasp. The success rate of anesthesiolo-
gists in evaluating the properties of gastric contents by
ultrasound can reach 95% after proper training (about 33
repeated examination) [25]. The researchers in the study
have grasped this ultrasonic scanning technique after
being trained.

Anteroposterior (AP) and craniocaudal (CC) antral
diameters in the right lateral decubitus (RLD) are
measured to obtain the cross-sectional area of the
antrum (CSA). Then the gastric volume can be calcu-
lated based on the formula of Perlas (2013) model [15]
which is expressed as GV (ml)=27.0+14.6 x CSA
(cm?)-1.28 x age. The suitable range of the formula are
18-85 years, 45-110 kg and more than 145 cm heigh.
Besides general population, further studies showed that
the formula can be applied in obesity and pregnancy
accurately [26, 27]. In the study, there is no difference
between the AGV from the formula and the actual drink-
ing volume 300 ml which further verify the applicabil-
ity of the formula in estimating gastric emptying in the
study.

The results of GV exhibited no significant differences
between two groups at the three time points: before oral
administration (V,), immediately after oral administra-
tion (V;) and before anesthesia induction(V,), and no
differences between GV, and GV, in the two groups.
The outcomes suggest that the gastric emptying rates of
300 ml water and EHR solution are similar, and both of
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them returned to the fasting value after 2—-3 h. Mean-
while, there was no reflux or aspiration occurred during
anesthesia induction, which indicated that 300 ml EHR
solution loading 2-3 h before surgery cannot increase the
risk of reflux aspiration.

Postoperative IR is a depressed state of glucose uptake
and utilization by peripheral target organs and tissues,
which result in abnormal metabolism of glucose, lipid
and protein, and is associated with hyperglycemia reac-
tions, infection and prolonged hospital stay [28]. The
hyperinsulinemic euglycemic clamp (HEC) technique is
the gold-standard to evaluate insulin sensitivity. How-
ever, the technique is hard to be widely applied in clinic
because it is expensive, technically demanding and time-
consuming. The homeostatic model assessment (Homa),
which has been validated as a noteworthy correlation
with HEC technique [29, 30], includes the indicators of
Homa-IR, Homa-f3, Homa-IS. It has been proposed that
POC can reduce postoperative IR [31], we also observed
the reduction of Homa-IR, and the increase of Homa-f3,
Homa-IS following preoperative oral EHR solution at the
first day after operation.

There are various mechanisms behind the allevia-
tion of postoperative IR induced by POC. Shi et al. [32]
found that POC reduced postoperative IR via stimulating
AMPK, which suppressed the phosphorylation of mTOR
and insulin receptor substrate-1 (IRS-1) after colorectal
resection. Also, study [33] indicated that POC attenuated
the development of postoperative IR which was associ-
ated with the alternation pyruvate dehydrogenase kinase
(PDK4) in muscle. The experiment in rats showed [34]
that POC improves postoperative insulin sensitivity in
skeletal muscles through the PI3K/AKT/mTOR pathway.

The main components of EHR are maltodextrin, oli-
gosaccharide malt and polyglucose. Maltodextrin [35]
is a kind of polysaccharide that is easily absorbable and
relieves stress of digestive system for patients; oligosac-
charide is characterized by low sweetness, low caloric,
hypoosmolality, occurs continuous hydrolysis reaction
in intestines which could increases blood glucose slightly
and prolong the duration of energy supply; although
polyglucose barely provide energy, as soluble cellulose, it
increases the intestinal chyme volume and patients’ sati-
ety, slows the absorption of carbohydrate, what is more,
the short chain fatty acids produced from polyglucose
by intestinal flora enhances intestinal mucosal barrier,
reduce the absorption of endotoxin and play an impor-
tant anti-inflammatory role which maybe one of the fac-
tors to relieve IR and promote intestinal peristalsis [36,
37]. As a result, in the study oral EHR solution decreased
VAS scores of fatigue, hunger and anxiety, reduced the
incidence of nausea, enhanced handgrip strength and
shorten exhaust time. These are in accordance with the
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previous conclusions [38, 39] that POC improved the
postoperative subjective well-being, reduced nausea and
ameliorated gastrointestinal motility in surgical patients.

Skeletal muscle is one of the main target tissues of
insulin. Insulin resistance disrupts both the amount and
the timing of glucose into skeletal muscle [40]. Previ-
ous study [41] showed that POC inhibited the activity
reduction of glycogen synthase in muscle biopsy, and
maintain quadriceps femoris muscle strength while com-
pared with placebo group. Gysel et al. [42] demonstrated
that descending handgrip force were already present in
healthy men with lower insulin sensitivity. Consequently,
POC alleviated postoperative IR which would improve
the uptake and storage of carbohydrate in skeletal mus-
cle, and would be beneficial to ameliorate muscle func-
tion. Therefore, the decreased postoperative IR might be
the reason for better handgrip strength in group E at Pos
1d in this study.

There are still limitations in the study. Firstly, a group
that fasted before surgery, as a control to show the impact
of preoperative fasting, was not set. Secondly, effects
between glucose solution and enzyme-hydrolyzed rice
flour solution were not compared. In addition, the simi-
lar research on other types of surgery needs to be further
carried out.

Conclusions

In conclusion, oral 300 ml of enzyme-hydrolyzed rice
flour solution 2-3 h before surgery in patients undergo-
ing laparoscopic cholecystectomy did not increase the
occurrence of reflux and aspiration during anesthesia
induction with a normal gastric emptying, ameliorated
postoperative insulin resistance, improved the subjective
comfort, and promoted postoperative gastrointestinal
function recovery.
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