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Background: The purpose of this study was to investigate the tolerance and safety of carbohydrate
administration to patients with multiple injuries prior to surgery, and to analyze the effects of carbohydrate
intake on their immediate insulin resistance (IR), postoperative complications, and length of hospital stay.
Methods: A total of 125 patients with mild multiple injuries who were admitted to the Emergency
Surgery Department of Affiliated Hospital of Nantong University for elective surgery were randomized
to administration of either placebo or carbohydrate. Finally, 82 patients (male: 39, female: 43) successfully
completed the experiment and collected data. Preoperative general condition, subjective comfort, blood
glucose concentration, serum insulin and insulin resistance index (IR) were studied.

Results: The two groups of patients matched in gender, age, body mass index (BMI) (P>0.05). Patients
in CHO group treated with carbohydrates three hours before surgery compared with patients treated
with preoperative specification. The thirst, hunger and anxiety of the patients in the CHO group were
significantly relieved (P<0.05). Blood glucose concentration, serum insulin, and IR were much lower in the
CHO group (P<0.05).

Conclusions: It is a relatively safe approach that patients took carbohydrates 3 hours before surgery,
and there was no statistically significant difference in the incidence of postoperative aspiration. Taking
carbohydrates before surgery can not only relieve preoperative discomfort, but also reduce postoperative

insulin resistance, which is helpful to avoid postoperative metabolic disorder and speed up recovery.
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Introduction on the body, compared with the effect produced by normal

physiological levels (2), and in turn reduces the body’s

Patients clinically present with insulin resistance (IR) for glucose use. To maintain relative blood glucose stability,

many reasons. IR is characterized by the destruction of excessive insulin is secreted in compensation, leading to

glucose transporter 2 (GLUT2) and glucose transporter hyperinsulinemia. In recent years, it has been found that

4 (GLUT4) in muscle and adipose tissue under stressed
states, such as trauma, infection, and surgery (1). Decreased

sensitivity of peripheral tissue to insulin reduces its effect
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IR is related to the postoperative development of type 2
diabetes mellitus. This may be related to pre-surgery fasting
and the stressed state of tissues post-surgery. IR is also
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related to trauma, inflammation, hormones, and intestinal
flora, among other factors.

Surgery is often accompanied by anesthesia. A series of
functional changes occur during anesthesia, including the
relaxation of gastrointestinal sphincters, the weakening
of gastrointestinal peristalsis, airway obstruction, and
the weakening of the pharyngeal reflex. These changes
frequently produce vomiting and aspiration during surgery.

Aspiration is a serious surgical complication that was
initially thought to be related to anesthesia and the failure
to correctly fast pre-surgery. It is characterized by immune
inflammation, direct lung injury, and fibrous hyperplasia.
Symptoms of aspiration include acute airway obstruction,
aspiration atelectasis, Mendelson’s syndrome, and aspiration
pneumonia. As such, a sizeable amount of research has
explored methods to reduce the incidence of aspiration.

In 1946, Mendelson proposed routine fasting for 8-
12 hours before surgery. Up to now, however, most elective
surgery in China has involved fasting for only 4 hours
prior to surgery. Recent studies have focused on reducing
aspiration risk in the perioperative period, particularly after
general anesthesia. These studies have investigated surgical
positioning, different medications, the use of ultrasound
technology, and the use of gastric tubing.

In a further study, it was considered as high-risk factors
that aspiration pneumonia was associated with, defining a
gastric juice volume of 25 mL and a pH of 2.5 pre-surgery.
Ingesting water dilutes gastric juice concentration, which
reduces the degree of chemical damage to the lungs after
aspiration. Theoretically, therefore, it is feasible to prevent
the serious consequence of aspiration by reducing the pre-
surgery fasting time. The amount and timing of liquid
ingested that can dilute gastric juices and increase the rate
of gastric emptying are vital in reducing the incidence of
aspiration.

Early in the 21* century, a Danish surgeon named Klaette
described the term fast-track surgery (FTS). This involves
promoting rehabilitation in surgical patients and aims to
reduce stress damage in these patients to accelerate their
recovery (3). Sereide ez 4l. found that patients who followed
a traditional fasting schedule pre-surgery had a gastric juice
volume of 19-22 mL and a stomach pH of 1.9-2.0, and
patients who ingested 400 mL of water 2 hours prior to
surgery had a gastric juice volume of 17-20 mL and a pH
of 1.9. This indicates that the volume of fluid and pH in the
stomach are primarily determined by stomach secretions (4).
Nygren ez al. found in the 1990s that the administration of
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preoperative carbohydrates could improve postoperative
IR more effectively than ordinary liquids (5). Onalan
et al. showed that preoperative oral carbohydrates improved
postoperative IR of patients receiving laparoscopic
cholecystectomy (LC) (6).

The purpose of the present study was to improve and
standardize the use of preoperative oral carbohydrates in
patients with surgery.

We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1424).

Methods
Participants

One hundred and twenty-five patients with multiple injuries
that presented to the Emergency Surgery Department of the
Affiliated Hospital of Nantong University between August,
2019, and February, 2020, were selected for this study. Of
these 125 patients, 82 (39 males and 43 females) completed
the trial and produced evaluable data. Participants’ ages
ranged from 25-75 years old. The inclusion criteria were
as follows: an injury severity score no greater than 16 and a
body mass index (BMI) of 18.5-23.9 kg/m?.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013), and has
been approved by the Ethics Committee of the Affiliated
Hospital of Nantong University (Approval number: 2019-
L002), and all the subjects and their families signed the
informed consent documents.

Randomization

The patients were randomly divided into two groups,
the carbohydrate group (CHO group) and the non-
carbohydrate group (non-CHO group). Patients in the
CHO group (n=51) were given 400 mL of oral carbohydrate
after fasting for 12 hours and not ingesting fluids for 4
hours prior to surgery. Patients in the non-CHO group
(n=50) fasted for 12 hours prior to surgery. All patients
were operated on by the same surgeon and surgical team.
The anesthesia received was the same across the two
groups. The operative sites of the patients with multiple
injuries were recorded. There was no significant difference
between the two groups in intraoperative aspiration reflux,
time of operation, intraoperative bleeding volume, and
intraoperative fluid replacement volume (Table 1).
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Table 1 Intraoperative index

Variables Time of operation (h) Intraoperative bleeding volume (mL) Intraoperative fluid replacement (mL)
CHO group 1.16+0.76 304.87+97.34 2,099.02+258.18
Non-CHO group 1.08+0.59 320.73+98.72 2,075.60+243.18

t/x? 0.491 -0.732 0.423

P value 0.967 0.466 0.674

Figure 1 Ultrasound images. (A) No gastric content was present 3 hours prior to surgery. (B) The stomach began to fill when carbohydrate

ingestion began. (C) After 200 mL of carbohydrate had been ingested, the gastric cavity was fuller. (D) After ingestion of 400 mL of

carbohydrate the gastric cavity was filled. (E) The gastric cavity was half full by 20+8.5 minutes after completing carbohydrate ingestion. (F)

No gastric content was present 45+9.6 minutes after completing carbohydrate ingestion.

Color Doppler ultrasound

Patients in the CHO group received 400 mL of
carbohydrate solution orally 3 hours prior to surgery;
ingestion was complete by 2 hours prior to surgery. Patients
should not finish drinking carbohydrates for more than
20 minutes. Color Doppler ultrasounds were taken at
patients’ bedsides to monitor gastric filling and emptying in

real time (Figure 1).
Date collection

A visual analog scale (VAS) was used to evaluate the

patients’ subjective comfort, including thirst, hunger,
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anxiety, and nausea. The 0-100 mm scale represented
discomfort levels of thirst, hunger, anxiety, and nausea, with
0 being no discomfort and 100 being maximum discomfort.
Both groups fasted at 8 pm before receiving surgery. Blood
glucose and insulin were measured 3 hours before and
immediately after surgery, and the IR index was calculated
using the homeostatic model assessment (HOMA) formula:
HOMA-IR = Fasting Plasma Glucose (FPG) x Fasting
Insulin (FINS)/22.5.

Statistical analysis

SPSS Statistics 23.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the data. The mean + standard deviation
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Figure 2 Flow chart.
Table 2 Patient characteristics
Variables CHO group (n=41) Non-CHO group (n=41) t/y° P value
Sex (male/female) 20/21 19/22 1.00 0.490
Age (mean + SD years) 53.61+12.53 53.71+13.58 -0.33 0.973
BMI (mean + SD kg/mz) 20.64+1.43 20.31+1.30 1.06 0.289

Table 3 Surgical site of multiple injuries

Variables CHO group (n=41) Non-CHO group (n=41) Total (n=82)
Abdomen 7 9 16
Limbs 23 19 42
Pelvis 11 13 24

was used to describe data with normal distribution, and the
median (quartile) was used to describe data with skewed
distribution. Chi-square tests were used for normally
distributed data, and z-tests were used to determine
statistical differences between the two groups.

Results
Patients

A flow chart of participant selection is presented in Figure 2.
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A total of 82 participants (39 males and 43 females)
were ultimately recruited in this study. The individual
characteristics of the patients are expressed in Tables 2,3.
There were no significant differences between the two
groups.

Degree of comfort

There was no significant difference between the two groups

in subjective comfort levels as measured by thirst, hunger,
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Table 4 Comparison of patients’ degree of comfort pre-surgery

Qi et al. Study of preoperative carbohydrate administration to improve insulin resistance

CHO group Non-CHO group
Variables
3 h before surgery 1 h before surgery 3 h before surgery 1 h before surgery
Thirst 21.43+9.23 19.95+8.81 21.48+8.47 42.58+7.81**
Hunger 35.12+5.14 15.63+4.85" 35.70+5.42 35.73+5.85°
Anxiety 51.12+11.02 48.14+10.74* 50.97+10.97 55.48+11.65%
Nausea 7.54+2.33 8.34+2.04 7.19+2.35 1.48+2.69
*, intra-group comparison P<0.01; *, intra-group comparison P<0.05; ®, inter-group comparison P<0.01.
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Figure 3 Comparison of degree of comfort. The results are shown as mean + SD. Graphpad was used to calculate P values. *, P<0.05;

e P<0.0001.

anxiety, and nausea 3 hours before surgery (P>0.05) (7able 4).
Within the CHO group, there was no difference between
thirst, anxiety, and nausea 3 hours before surgery and
1 hour before surgery. Within the non-CHO group, hunger
was significantly increased 1 hour before surgery compared
with 3 hours before surgery. The subjective feelings, such as
thirst, hunger, and anxiety, were significantly higher 1 hour
before surgery in the non-CHO group compared with the
CHO group (Figure 3).

Blood glucose, insulin, and HOMA index

Table 5 shows that there were no significant differences
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between the two groups in fasting blood glucose
concentration, fasting insulin concentration, and IR index
3 hours before surgery. The blood glucose concentration,
insulin concentration, and IR index of the two groups
immediately following surgery were significantly higher
than those prior to surgery. The levels of blood glucose,
insulin concentration and IR index in CHO group were
lower than those in non-CHO group immediately after the
operation (Figure 4).

Complications

There was one case of restlessness, one case of dehiscence,
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Table 5 Blood glucose, insulin, and HOMA-IR
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CHO group

Non-CHO group

Variables

3 h before surgery

Immediately after Immediately after

3 h before surgery

surgery surgery

Plasma blood glucose concentration (mmol/L) 5.94+0.97 10.04+1.77* 5.97+0.98 12.54+2.23*
Plasma insulin concentration (mmol/L) 9.86+2.41 38.42+8.24~ 9.84+2.33 51.81+9.47*
HOMA-IR 2.57+0.78 17.20+4.95* 2.59+0.70 29.00+7.87*

*, intra-group comparison P<0.01; *, inter-group comparison P<0.01. HOMA, homeostatic model assessment; IR, insulin resistance.
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Figure 4 Comparison of blood glucose, insulin, and HOMA-IR. The results are shown as mean + SD. Graphpad was used to calculate P
values. ***, P<0.0001. HOMA, homeostatic model assessment; IR, insulin resistance.

Table 6 Complications

Variables CT(ZS;Z)UP Non-gaHS(:sg;roup
Vomit 0 1
Diarrhea 0 2
Restless 1 0
Incision infection 0 1
Incision dehiscence 1 0
Urinary tract infection 1 0

and one case of urinary tract infection post-surgery in the
CHO group. In the non-CHO group, there was one case
of vomiting, two cases of diarrhea, and one case of incision
infection. There was no significant difference between the
two groups in post-surgical complications (1zble 6).

Length of bospital stay

Studies have shown that taking carbohydrates before
surgery can reduce patients’ hospital stay and promote rapid
recovery after surgery (7). In our study, the length of hospital
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Figure 5 The length of hospital stay. The results are shown as
mean = SD. Graphpad was used to calculate P values. *, P<0.05.

stay was significantly reduced in the CHO group compared
with the non-CHO group (CHO group: 11.29+2.77; non-
CHO group: 13.04+4.00; P<0.05) (Figure 5).

Discussion

Reducing postoperative IR plays a central role in the rapid
surgical rehabilitation of patients. Much research has
been done, to determine different methods of facilitating
IR reduction after surgery. Among these methods, the
application of preoperative carbohydrates stands out.
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Table 7 Components of oral solution

Components Content (g/100 mL)
Maltose 0.7
Polysaccharides 10
Glucose 0.2
Fructose 1.3
Sodium 0.05
Potassium 0.122
Chlorine 0.006
Calcium 0.006
Magnesium 0.001

Many studies have studied the physiological mechanism of
preoperative carbohydrate use in reducing postoperative
IR (8,9). These mechanisms include reducing the level of
stress hormones, changing the function of insulin receptors
and changing the number of insulin receptors. However,
most of these studies have focused on insulin resistance
associated with gastrointestinal surgery, and patients with
mild multiple injuries undergoing elective surgery have not
been studied. The purpose of our study was to investigate
whether preoperative carbohydrate administration had
a similar effect on patients with multiple injuries as in
patients undergoing gastrointestinal surgery. We found that
preoperative administration of carbohydrate solution in
patients with multiple injuries can reduce immediate insulin
resistance after operation, shorten hospital stay, and thus
contribute to rapid recovery. It also reduces the incidence of
aspiration and improves the comfort of patients.

IR was present in the multiple injuries patients that
participated in our study and was evaluated before and after
the patients received surgery. However, hepatic glucose
output cannot be completely inhibited by steady-state insulin
concentrations in classic experiments, such as the glucose
clamp test. This directly affects insulin sensitivity (10).
HOMA-IR (FPG x FINS/22.5) has been used to evaluate
the IR index in several studies on this subject and is
determined by measuring fasting blood glucose and fasting
insulin concentration. HOMA-IR was therefore used to
determine the IR index in our study.

It (Table 7) shows the components of the carbohydrate
solution given to the patient before operation, which,
among other beneficial effects, avoids aspiration. Although
osmotic pressure and viscosity were previously thought
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to be closely related, current studies have shown that
gastric emptying time mainly depends on energy density.
Electrolytes can also shorten the time of gastric emptying.
Another important point is that carbohydrates are more
palatable than glucose solutions (11,12). Therefore, the
carbohydrate solution used in our study consists not only
of glucose, but also potassium, sodium, chlorine and other
electrolytes. The only substance that provides energy is
glucose, and there is no fat or protein in the solution.

Methods to reduce the incidence of aspiration were
initially explored in fields such as obstetric anesthesia (13).
As a result of this research, Mendelson proposed in the mid-
20™ century that patients fast preoperatively from midnight
of the day of the surgery; this has been routine since. Due
to the relatively long fasting time (fasting including no
eating and no drinking), individual differences between
patients in gastric emptying can be ignored. Some studies
have shown that the volume and acidity of gastric contents
is not reduced after a long time of fasting and drinking, and
this routine has gradually been proved to be one-sided in
subsequent experiments (14-16).

The most common methods for evaluating the subjective
comfort of patients are the VAS and the numerical rating
scale (NRS). These measures are both easy to use in a
clinical setting. The VAS requires patients to mark their
level of comfort on a visual scale, which may be difficult for
some elderly people (17,18). NRS is used more frequently
around the world, although some studies have shown that
the correlation between VAS and NRS can be used to
evaluate patients’ subjective comfort more accurately (19).
In our study, VAS was used to evaluate the subjective
feelings of patients with multiple injuries including thirst,
hunger, anxiety, and nausea. No significant difference was
found between the CHO group and the non-CHO group 3
hours prior to surgery. However, one hour before operation,
the subjective levels of thirst, hunger and anxiety in the
CHO group were significantly lower than those in the non-
CHO group. Fasting from midnight can lead to water loss,
lower blood sugar levels, depletion of extracellular fluid,
and stimulation of hypothalamic osmotic receptors and
thirst centers. In addition, fasting from midnight leads to
less stimulation in the hypothalamic satiety center, while
increased neuronal stimulation in the hypothalamic feeding
center leads to thirst and hunger. The increase in the
activity of the feeding center will reduce the activity of the
satiety center, and this anxiety is related to the activity of the
satiety center. Studies have found that taking carbohydrates
before surgery can reduce the discharge frequency of satiety
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centers, thereby reducing anxiety (20).

The study showed that when anxious patients took
400 milliliters of oral carbohydrate solution three hours
before surgery, stomach contents were emptied to safe
residues in the same time as healthy people (20,21). The
carbohydrate solution used in this experiment was nearly
isotonic; it did not contain fat, protein, or other substances
that prolong gastric emptying time. In theory, this makes
the solution relatively safe. Our study found that no patients
who took oral carbohydrate solution prior to surgery
experienced aspiration. Additionally, they experienced
no increase in clinical complications such as infection,
agitation, vomiting, or diarrhea.

The body’s stress response is stimulated by stressors such
as trauma, infection, blood loss, and hypothermia. Stress
on metabolism is characterized by metabolic syndrome and
inflammation. Metabolic syndrome is primarily a glucose
metabolism disorder, but it includes other metabolic disorders,
such as lipid metabolism disorder. The body produces greater
amounts of stress hormones when under stress, which hinders
sugar oxidation. At the same time, free fatty acids and amino
acids antagonize glucose oxidation. A dominant characteristic
of metabolic syndrome is IR. Type 2 diabetes mellitus is
characterized by initial IR, followed by insufficient insulin
secretion. Studies have shown that the development of type
2 diabetes is related to IR mediated by inflammatory factors,
such as IL-1, IL-6, IL-8, IL-12, and TNF-a (22). Therefore,
inflammation caused by stress is related to IR.

IR with hyperinsulinemia is a risk factor for cardiovascular
diseases, such as hypertension, cardiomyopathy, coronary
heart disease, arrhythmia, and heart failure by multiple
pathways (23). Activation of the renin-angiotensin-
aldosterone system (RAAS) by IR leads to vascular smooth
muscle proliferation, hypertrophy, and arteriosclerosis (24).

The purpose of our study was to investigate the effect of
carbohydrates on immediate postoperative IR in patients
with multiple injuries who underwent selective surgery.
Before surgery there were no significant differences
between the CHO group and the non-CHO group in
fasting blood glucose, fasting insulin concentration, or
IR index, although the non-CHO group exhibited higher
values than the CHO group. Immediately after surgery,
the IR index was lower in the CHO group than in the non-
CHO group. This suggests that preoperative fixed-time and
quantitative carbohydrates can improve immediate IR in
patients with muldple injuries. The specific mechanism was
not investigated in our experiment.

Studies have shown that carbohydrates can be fermented
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and degraded by intestinal flora to produce short-chain fatty
acids (SCFA), and butyrate can increase intestinal mucus
production, the expression of zonulin, occludin, and tight
junction proteins, as well as reduce intestinal permeability to
maintain the intestinal barrier (25-27). Clostridium flexneri,
Enterococcus, Bacteroides, and Escherichia coli levels in
type 2 diabetes patients were higher than that present in
healthy subjects. It is currently believed that the relative
improvement of IR in the CHO group may be related to
intestinal flora regulation by the carbohydrates administered
prior to surgery, maintenance of the intestinal barrier, and
reduction of the inflammatory response secondary to stress-
induced intestinal flora displacement (28).

Studies have shown that ingesting carbohydrates prior
to surgery can promote rapid recovery and reduce the
length of hospital stay (7,29,30). Inconsistent findings
across studies may be a result of inconsistent treatments
administered to patients and differences between these
surgical patients.

Conclusions

The administration of 400 mL of carbohydrate solution
before surgery improved patients’ subjective comfort
in terms of thirst, hunger, and anxiety, but there was
no significant improvement in nausea. The incidence
of post-surgical complications did not increase with
carbohydrate administration. In addition to being safe
and improving subjective comfort levels, carbohydrate
administration before surgery also reduced immediate IR
post-surgery, promoted rapid recovery in patients with
multiple injuries, and reduced their length of hospital stay.
Further exploration is required, however, to determine the
mechanism by which IR is improved.
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