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Abstract

Background Preoperative oral carbohydrate intake can improve the postoperative recovery of fasting patients

in many kinds of surgeries; however, the effect of carbohydrates on patients undergoing daytime oral surgery is still
unclear. This study was designed to evaluate the effect of preoperative oral carbohydrate intake on the quality

of recovery of patients undergoing daytime oral surgery using the quality of recovery-15 (QoR-15) questionnaire.

Methods Ninety-two patients scheduled for daytime oral surgery were randomly allocated to the midnight fast-

ing group (F group, n=45) or the carbohydrate-Outfast loading group (O group, n=47). Participants in the F group
fasted from midnight the day before surgery. Patients in the O group also fasted but received the Outfast drink

(4 ml/kg) 2-3 h before the induction of anesthesia. QoR-15 questionnaire, patient well-being, and satisfaction were
assessed before anesthesia induction and 24 h after surgery. Perioperative blood glucose, postoperative exhaust time,
and adverse events were also recorded.

Results The QoR-15 scores were significantly higher in the O group than in the F group preoperatively and postoper-
atively. Seven parameters representing patient well-being evaluated on a numeric rating scale (NRS, 0-10) were lower
in the O group than in the F group postoperatively, except for the hunger and sleep quality scores. Patient satisfaction
scores on a 5-point scale were higher in the O group than in the F group preoperatively and postoperatively. Mean-
while, the postoperative exhaust time was significantly shorter in the O group compared to the F group, while there
were no significant differences in blood glucose concentrations between two groups.

Conclusions Preoperative oral carbohydrate intake could improve postoperative recovery quality, well-being,
and satisfaction of patients undergoing daytime oral surgery 24 h after surgery, and may serve as a treatment option
for patients undergoing daytime oral surgery.

Trial registration This trial was registered in the Chinese Clinical Trial Registry (ChiCTR2100053753) on 28/11/2021.
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Background

Fasting from midnight before surgery is a standard
practice among patients undergoing elective sur-
gery to reduce the risk of pulmonary aspiration under
anesthesia (Li et al. 2012). In China, the rising num-
ber of surgical patients, coupled with limitations on
the availability of operating rooms, has resulted in an
increasing number of follow-up surgeries. The unpre-
dictability of scheduling these follow-up procedures
has led to prolonged fasting and water deprivation
periods for patients awaiting surgery. However, accu-
mulated evidence revealed that midnight fasting does
not decrease the volume and acidity of stomach con-
tent related to perioperative complications (He et al.
2021). Conversely, long-term fasting could lead to
insulin resistance and postoperative discomforts such
as thirst, hunger, and anxiety (He et al. 2021; Wu et al.
2022a; McCracken and Montgomery 2018), which has
an association with prolonged length of hospital stay.
Additionally, as patients receiving daytime oral surgery
often have difficulty opening their mouths and chewing
after the operation, the fasting time is even longer. As a
result, excessive fasting may reduce the quality of post-
operative recovery of patients undergoing daytime oral
surgery.

Preoperative carbohydrate intake is implemented as
part of enhanced recovery after surgery (ERAS) and has
been shown to alleviate some of the discomforts associ-
ated with fasting during the perioperative period (Ljun-
gqvist et al. 2017). However, certain studies suggest that
preoperative carbohydrate intake may not significantly
improve postoperative recovery or may have a mini-
mal effect. The variability in results could be attrib-
uted to inadequate blinding and differences in patient
populations (Asakura et al. 2015; Lee et al. 2018; Smith
et al. 2014). Outfast is a kind of carbohydrate (osmotic
pressure 280-300 mmol/L, pH 3.8-4.3, contents per
100 ml: 14.2 g carbohydrate, 45 mg sodium, 0.24 mg
vitamin B1, 0.13 mg vitamin B6, 0.14 mg vitamin B12,
and 1.48 mg zinc) used for the perioperative fasting
of patients under general anesthesia to provide energy
and a nutritional supplement. Despite some promis-
ing effects, few randomized controlled trials have been
conducted to study the effect of preoperative carbo-
hydrate intake on the quality of recovery in patients
undergoing daytime oral surgery.

In this study, we aimed to evaluate the effect of preop-
erative oral carbohydrate (Outfast) intake on the postop-
erative outcome and quality of recovery (QoR) of patients
undergoing elective daytime oral surgery. The purpose of
this study was to compare the QoR-15 questionnaire out-
comes of patients undergoing daytime oral surgery. We
hypothesize that preoperative oral carbohydrate intake
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could improve the postoperative recovery quality of
patients undergoing daytime oral surgery.

Methods

Study design and participants

This study was approved by the Ethical Committee of
The First Affiliated Hospital of Anhui Medical University,
Hefei, China (Approval No. PJ2022-01-19) and regis-
tered in the Chinese Clinical Trial Registry (www.chictr.
org.cn; ChiCTR2100053753) on 28/11/2021. All partici-
pants were from The First Affiliated Hospital of Anhui
Medical University. Informed consent forms were signed
by all participants. Patients aged 18 to 65 years with an
American Society of Anesthesiologists (ASA) physical
status of I-II and body mass index (BMI) of 18 to 30 kg/
m? who were scheduled for day-stay oral-maxillofa-
cial surgery were enrolled in this study between August
2022 and December 2022. Patients with the following
conditions were excluded: type 1 or 2 diabetes and other
endocrine system diseases, a gastric emptying disorder,
psychical and psychological disease, hepatic or renal
insufficiency, and inability to communicate. Exit crite-
ria were as follows: a procedure lasting less than 1 h or
more than 3 h, the occurrence of severe adverse events
during operation, and patients’ refusal to follow-up. The
specific aims of the study were to (1) evaluate the QoR-
15 questionnaire outcomes and (2) compare the patient
well-being and satisfaction with or without Outfast drink
2-3 h before the induction of anesthesia.

Randomization

The patients were randomly divided into two groups
using a random number generator website (https://
www.powerandsamplesize.com/) in a 1:1 ratio and either
administered the preoperative oral carbohydrate Outfast
(O group, Yichang Humanwell FSMP CO., LTD, Yichang,
China) or made to fast before surgery (F group). In the
afternoon of the day before surgery, a study coordina-
tor independent of the clinical team from the hospitals
opened the numbered, opaque, and sealed randomiza-
tion envelopes and managed participants according to
the group allocation. Participants in the F group fasted
from midnight the day before surgery. Participants in the
O group also fasted but received Outfast (4 ml/kg) 2-3 h
before the induction of anesthesia. The same nurse not
involved in the study provided patient education which
included the day surgery process, surgical precautions,
postoperative rehabilitation plan, and psychological care.

Clinical protocol

Once the patient entered the operating room, an intra-
venous line was placed. Sodium lactate Ringer’s injec-
tion was infused at 6-8 ml/kg before the induction of
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anesthesia and at a rate of 5-7 ml/kg/h during the sur-
gery. Peripheral capillary oxygen saturation (SpO,), non-
invasive blood pressure, electrocardiography (ECG),
and bispectral index (BIS) were monitored. Anesthesia
was induced with sufentanil (0.3-0.4 pg/kg), propofol
(1.5-2.5 mg/kg)/etomidate (0.2—0.3 mg/kg), and cisatra-
curium (0.2-0.4 mg/kg). After endotracheal intubation,
mechanical ventilation with tidal volumes of 8-10 ml/
kg and a respiratory rate of 10—12/min was undertaken.
Anesthesia was maintained with propofol (4—6 mg/kg/h),
remifentanil (0.1-0.2 pg/kg/min), sufentanil (5-10 pg),
and cisatracurium (0.2 mg/kg). BIS values were adjusted
to 40-60. End-tidal carbon dioxide concentration
(EtCO2) was maintained at 35-45 mmHg. Heart rate
(HR) was controlled between 50 and 90 beats/min, and
circulatory dynamics were maintained at +20% of preop-
erative blood pressure. At the end of the surgery, flurbi-
profen axetil (50 mg) was given for pain relief.

Outcomes

In this study, the primary outcome was the QoR-15 score.
The QoR-15 ranges from O (the poorest quality of recov-
ery) to 150 (the best quality of recovery) and is widely
used to assess postoperative recovery. It includes 15 items
evaluating five dimensions: physical comfort (five items),
emotional state (four items), physical independence (two
items), psychological support (two items), and pain (two
items) (Stark et al. 2013). The QoR-15 was measured
before anesthesia induction and 24 h after surgery.

Secondary outcomes included the assessment of
patient well-being and satisfaction, which were meas-
ured before anesthesia induction and 24 h after surgery.
Seven parameters representing patient well-being (thirst,
hunger, mouth dryness, nausea and vomiting, fatigue,
anxiety, and sleep quality) were evaluated with a numeric
rating scale (NRS; 0—no discomfort, 10—worst imagina-
ble discomfort) (Sada et al. 2014). Patient satisfaction was
assessed via a 5-point scale (5—very satisfied, 4—some-
what satisfied, 3—neutral, 2—somewhat dissatisfied, 1—
very dissatisfied) (Bopp et al. 2011).

Heterogenous predictor variables included demo-
graphic variables and perioperative variables, such as age,
gender male (M)/female (F), height, weight, ASA I/II,
type of surgery, duration of anesthesia, duration of sur-
gery, dose of propofol, dose of remifentanil, fluid volume,
fasting time, hospital length of stay, postoperative exhaust
time, and adverse events (defined as aspiration, readmis-
sion, return to the operating room, increased length of
stay due to medical necessity). We also recorded mean
arterial pressure (MAP) and HR at the following time
points: before anesthesia (T0), 5 min after endotracheal
intubation (T1), surgery finish (T2), and tracheal extuba-
tion (T3). Blood glucose concentrations were measured
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at baseline level, anesthesia induction (Ta), surgery fin-
ish (Tb), and postanesthesia care unit (PACU) discharge
(Tc), respectively.

Sample size

A previous study recommended that the minimal clini-
cally important difference (MCID) for the QoR-15 scale
was 6.0 with a standard deviation (SD) +8.77 (Myles and
Myles 2021). In our study, sample size calculation was
performed with an online power sample size calcula-
tor (https://www.powerandsamplesize.com/). A sample
size of 45 patients in each group was estimated neces-
sary to detect such a difference with a power of 90% and
an a-error of 5% based on the results of our pilot study
(0=8.77). Considering potential dropouts and incom-
plete follow-up, a total of 102 patients were finally
enrolled.

Statistical analysis

All data were analyzed using SPSS version 25.0 (IBM
Corporation, USA). The Shapiro—Wilk test was used to
determine the normality of the data distribution. Contin-
uous variables are summarized as mean (SD) or median
(interquartile range [IQR]), as appropriate. Demographic
and baseline data such as age, height, weight, duration of
anesthesia, duration of surgery, dose of propofol, dose of
remifentanil, fluid volume, fasting time, length of hospi-
tal stay, and postoperative exhaust time were compared
using the Student t-test. Repeated measures ANOVA
was used to compare differences in repeated measures of
QoR-15 scores, well-being and satisfaction scores, blood
glucose levels, MAP, and HR between the two groups.
When a statistically significant group effect was found,
the LSD post hoc test was used to compare differences
in the distributions of observed indicators between the
two groups at different time points. The chi-square test
was used to examine the relationship between qualitative
variables and independent samples (gender M/F, ASA I/
II, and type of surgery). A P value<0.05 was considered
statistically significant.

Results
A total of 102 patients were enrolled in this clinical trial.
A total of 10 patients were excluded from the study: 1
patient was suspected to have diabetes mellitus, 1 patient
had surgery canceled, 2 patients had an operation dura-
tion of longer than 3 h (F group: n=1, O group: n=1),
and 6 patients had an operation duration of less than 1 h
(F group: n=4, O group: n=2). Thus, 92 patients were
included in the data analyses (F group: n=45, O group:
n=47). The flow diagram of the study is shown in Fig. 1.
The demographic characteristics of the patients
are presented in Table 1. There were no statistically
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2 Excluded

1 Suspected diabetes mellitus

» 1 Surgery cancelled

[ 100 Randomized

Allocation

50 Allocated as control (F group)
» 50 Received usual fasting
» 0 Did not receive allocated intervention « 0 Did not receive allocated intervention

50 Allocated to intervention (O group)
» 50 Received Outfast as intervention

Follow-up

5 Discontinued the study

3 Discontinued the study
+ 1 for the long operation duration (>3h) + 1 for the long operation duration (>3h)

+ 4 for the short operation duration (<1h) + 2 for the short operation duration (<1h)

[ 45 included in analysis

J

47 included in analysis

Fig. 1 CONSORT flow diagram of day-stay oral-maxillofacial patients

Table 1 Patient characteristics and perioperative clinical data

Variables F group (n=45) O group (n=47) P
Age (year) 28.16+7.43 29.15+932 0573
Gender (M/F) 20/25 19/28 0.697
Height (cm) 168.29+8.36 168.06£8.19 0.900
Weight (kg) 62.64+11.73 61.43+13.89 0.650
ASA (I/1) 13/32 12/35 0.717
Type of surgery 1.000
Extraction of impacted tooth 41 43

Other intraoral surgery 4 4

Duration of surgery (min) 84.31+24.79 90.04 +26.55 0.287
Duration of anesthesia (min) 102.51+24.34 106.09+28.63 0.520
Dose of propofol (mg) 426.76+142.09 436.95+152.03 0.740
Dose of remifentanil (ug) 0.86+0.27 0.92+0.37 0.292
Fluid volume (ml) 431.00+163.80 44777 +£176.70 0.638
Solid food fasting time (hour) 15.14+3.53 16.53+3.09 0.052
Hospital length of stay (hour) 24.27+4.48 23.62+3.51 0443
Postoperative exhaust time (hour) 2592+826 17.06+843 <0.001

M male, F female, ASA American Society of Anesthesiologists
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significant differences between the two groups in terms
of age, gender, body weight, height, and ASA classifica-
tion. The perioperative profiles of the patients, such as
type of surgery, duration of surgery and anesthesia, doses
of propofol and remifentanil, fluid volume, fasting time,
and length of hospital stay, were not significantly differ-
ent between the two groups (Table 1). Compared with

B F group
Bl O group
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& 50
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pre-op post-op

Fig. 2 Perioperative changes of QoR-15 score according to groups.
QoR-15: 15-item quality of recovery score; pre-op: preoperative
QoR-15 score; post-op: postoperative QoR-15 score. *P < 0.05.
***p<0.001
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the F group, the postoperative exhaust time was signifi-
cantly shorter in the O group (P<0.001, Table 1).

The total QoR-15 scores in the O group were signifi-
cantly higher than those in the F group preoperatively
and postoperatively (Fig. 2). The satisfaction and well-
being of patients are displayed in Table 2. The NRS scores
regarding thirst, hunger, mouth dryness, and anxiety
were statistically significantly lower in the O group than
in the F group preoperatively. The postoperative scores
for thirst, mouth dryness, nausea and vomiting, fatigue,
and sleep quality were statistically significantly lower in
the O group than in the F group. Compared with the F
group, significantly higher satisfaction was observed in
the O group based on the 5-point scale.

No statistically significant differences were found in
the MAP and HR between the F group and the O group
at each observing time points, i.e., TO, T1, T2, and T3
(Table 3). There were no significant differences in blood
glucose concentration at baseline, Ta, Tb, and Tc between
the two groups (Fig. 3).

No adverse events were reported in either group.

Discussion

The diseases treated via ambulatory surgery in oral
and maxillofacial consisted mainly of impacted teeth,
odontogenic cysts, and supernumerary teeth (Wang
et al. 2023). In these oral and maxillofacial surgery,
due to the nature of the operation site, the time to first
oral feeding is often postponed after surgery, which
also affects their postoperative recovery. ERAS is an
evidence-based care improvement process for surgi-
cal patients, which has been widely used in clinical
practice. ERAS started mainly with colorectal surgery
but has been shown to improve outcomes in almost all
major surgical specialties. It can shorten the length of

Table 2 Assessment of patients’ perioperative well-being and satisfaction

Preoperative well-being
Median (IQR)

F group (n=45) O group (n=47)

P Postoperative well-being P
Median (IQR)

F group (n=45) O group (n=47)

Thirst 5(3-7) 3(2-5)
Hunger 4(2-6) 3(1-5)
Mouth dryness 5(3-7) 3(2-5)
Nausea and vomiting 0(0-0) 0(0-0)
Fatigue 0(0-2) 0(0-2)
Anxiety 2(1-3) 0(0-2)
Sleep quality 2(0.5-6.5) 2(0-5)
Patient satisfaction* 5(4-5) 5(5-5)

0.002 3(2-5) 2(0-3) 0.002
0.016 4(1.5-4) 2(0-4) 0.129
0.003 5(4-8) 2(0-4) <0.001
0.095 0(0-0.5) 0(0-0) 0.026
0.326 3(2-4) 0(0-1) <0.001
0.002 0(0-1) 0(0-0) 0.102
0.103 3(2.5-5.5) 1(0-2) <0.001
0.008 5(4-5) 5(5-5) 0.002

Seven parameters representing patient well-being (thirst, hunger, mouth dryness, nausea and vomiting, fatigue, anxiety, and sleep quality) were assessed using a
numeric rating scale (0-10). *Patient satisfaction was measured by a 5-point scale (5—very satisfied, 4—somewhat satisfied, 3—neutral, 2—somewhat dissatisfied,

1—very dissatisfied). /QR interquartile range
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Table 3 Perioperative MAP and HR changes

MAP (mmHg) P HR (beats/min) P

F group(n=45) O group(n=47) F group(n=45) O group(n=47)
T0 89.91+£12.32 84.68+13.61 0.057 79.29+12.09 79.74+1157 0.854
T 77.78+9.11 76.09+11.15 0429 65.80+12.34 66.64+10.16 0.722
T2 76.87£10.09 76.17+12.58 0.771 69.56+10.58 6830+10.15 0.562
T3 91.00+1291 88.57+12.18 0.356 86.04+14.67 81.15+9.53 0.060

MAP mean arterial pressure, HR heart rate. The indicated time points were as follows: T0 before anesthesia; T7 5 min after endotracheal intubation, T2 surgery finish, 73

tracheal extubation

-e—- [ group

-=- O group

7.5-
= 7.01
£
é 6.5
3 6.0-
S
3 5.57
o
'g 5.0
S
m 45 | 1 1 1
Baseline Ta Tb Tc
Time Point

Fig. 3 Perioperative changes in blood glucose according to groups. ns: no significant difference. The indicated time points were as follows:
Baseline: fasting blood glucose; Ta: anesthesia induction, Tb: surgery finish; Tc: PACU discharge

hospital stays (Ljungqvist et al. 2017; Lin et al. 2019),
improve the effectiveness and safety of the procedure
(Wu et al. 2022b), and reduce hospitalization costs (Lin
et al. 2019). Preoperative oral carbohydrate intake, as
part of ERAS protocols, is recommended for patients in
several kinds of surgery (Cheng et al. 2021; Zhou and
Luo 2019). However, few studies have examined the
effect of preoperative carbohydrate intake on patients
undergoing daytime oral surgery. This study revealed
that preoperative oral carbohydrate intake can increase
QoR-15 scores, improve well-being and satisfaction,
and accelerate the postoperative intestinal exhaust of
patients.

In this study, preoperative and postoperative QoR-
15 scores were statistically significantly improved with

carbohydrate intake before surgery. However, there
are still contradictions regarding the effect of pre-
operative oral carbohydrate intake on postoperative
recovery in different studies (Wang et al. 2021; Cho
et al. 2021a; Mousavie et al. 2021). In a study by Cho
et al.,, preoperative oral carbohydrate intake did not
significantly increase the QoR-15 scores (Cho et al.
2021a). This discrepancy may be explained by the dif-
ferent carbohydrate beverage intake times compared
to our study. Additionally, all participants were infused
with Ringer’s lactate solution from midnight until sur-
gery in that study, which may have been sufficient for
the enhanced postoperative recovery of patients. Our
results were concurrent with a study by Wang et al,
which had a similar carbohydrate beverage intake time
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(Wang et al. 2021). Thus, it is appropriate to consume a
carbohydrate beverage 2 and 3 h before the induction
of anesthesia.

The effects of preoperative carbohydrate intake on
patient well-being and satisfaction were also examined.
This study revealed that, compared with the fasting group,
preoperative oral carbohydrate intake could improve four
out of seven patient well-being parameters (thirst, hun-
ger, mouth dryness, and anxiety) before surgery and five
out of seven parameters (thirst, mouth dryness, nausea
and vomiting, fatigue, and sleep quality) postoperatively.
Patients who received oral carbohydrates preoperatively
also showed better satisfaction than patients fasting from
midnight. In contrast to our data, Doo et al. reported no
significant improvements in patient well-being and the
satisfaction of patients undergoing thyroidectomy with
preoperative carbohydrate intake (Doo et al. 2018). How-
ever, their study only enrolled participants scheduled for
surgery at 8:30 am. Patients were asleep for most of the
fasting period and thus maintained a physiological state
without feeling hunger or thirst. Therefore, our findings
are suitable for most patients and are in accordance with
previous reports (Wu et al. 2022a, 2022b; Zhang et al.
2020; Rizvanovi¢ et al. 2019).

Insulin resistance is a catabolic state involving the deg-
radation of stored glycogen via glycogenolysis along with
muscle protein loss and lipolysis, which subsequently
leads to hyperglycemia and hyperinsulinemia. It is pro-
portional to the length of fasting time and the intensity
of surgical trauma and can prolong the recovery time,
increase the incidence of postoperative wound infection,
and even increase the mortality risk in surgical patients
(Wu et al. 2022a; Mousavie et al. 2021; Rizvanovic¢ et al.
2019). Carbohydrate-rich drinks are administrated pre-
operatively in more and more kinds of operations to
reduce insulin resistance and maintain blood glucose
homeostasis thereby reducing the length of hospital stays
(Rizvanovi¢ et al. 2019; Nygren 2006). In this study, the
perioperative blood glucose levels of patients after pre-
operative carbohydrate intake were not significantly dif-
ferent from those in fasting patients. This result may be
because the trauma intensity of daytime oral surgery is
low and the participants undergoing daytime oral surgery
are typically young and in good physical condition.

Postoperative exhaust time is also an important indi-
cator of ERAS (Wu et al. 2022b). In our study, the first
postoperative exhaust time in patients with carbohydrate
intake was significantly shorter compared to that of fast-
ing patients. Previous studies also support our results,
Lin et al. reported that the first anal exhaust time after
laparoscopic radical prostatectomy in the ERAS group
was significantly shorter compared with the control
group (Lin et al. 2019). A study by Zuo et al. also showed
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that the exhaust recovery time in the ERAS group was
significantly shorter than in the non-ERAS group in
patients with lumbar disc herniation after discectomy
(Zuo et al. 2021). However, there are few studies about
the effect of preoperative oral carbohydrate intake on the
postoperative exhaust time; thus, we will investigate the
effect of oral carbohydrate (outfast) on the recovery of
postoperative intestinal function in the future.

This study has several limitations. First, perioperative
insulin resistance was not measured in our study. With
insulin resistance measurement, we would have stronger
evidence to verify the effect of preoperative carbohydrate
intake. Second, even though no aspiration occurred in
this study, the study design would be more rigorous if
gastric ultrasound was performed to estimate the gastric
content volume. However, previous studies have shown
that the moderate intake of oral carbohydrates 2 h before
anesthesia is safe for the preoperative management of
fasting patients via ultrasonography (Zhang et al. 2020;
Cho et al. 2021b). Third, the absence of a placebo group
in our study may undermine the robustness of our find-
ings. Finally, only participants aged 18-65 years having
ASA physical status grades I and II were enrolled in this
study. It is necessary to explore the effect of preoperative
oral carbohydrate intake on elderly patients or patients
with higher ASA grades in future studies.

Conclusions

Preoperative carbohydrate intake 2-3 h before anes-
thesia induction could improve the QoR-15 question-
naire scores 24 h after surgery and enhance the comfort
of patients undergoing daytime oral surgery, making it a
potential treatment aption for such patients.

Abbreviations
QoR Quality of recovery

F Fasting

) Outfast

NRS Numeric rating scale

ERAS  Enhanced recovery after surgery

ASA American Society of Anesthesiologists
BMI Body mass index

SpO, Peripheral capillary oxygen saturation
ECG Electrocardiography

BIS Bispectral index

EtCO,  End-tidal carbon dioxide concentration
HR Heart rate

M Male

F Female

MAP Mean arterial pressure

SD Standard deviation

IQR Interquartile range

MCID  Minimal clinically important difference
T0 Before anesthesia

T 5 Min after endotracheal intubation
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