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Abstract
Purpose Insulin resistance in patients undergoing invasive
surgery impairs glucose and lipid metabolism and increases
muscle protein catabolism, whichmay result in delayed recov-
ery and prolonged hospital stay. We examined whether intra-
operative administration of carbohydrates during long-
duration oral and maxillofacial surgery under general anesthe-
sia affects carbohydrate, proteins, and lipid metabolism and
the length of hospital stay.
Methods We studied 16 patients with normal liver, kidney,
and endocrine functions, and ASA physical status I or II, but
without diabetes. Patients were randomly assigned to receive
0.1 g/kg/h of (n=8) or lactated Ringer’s solution (n=8). Blood
was collected before (T0) and 4 h after (T1) the start of sur-
gery. We analyzed the plasma levels of glucose, ketone bod-
ies, 3-methylhistidine (3-MH), and the length of hospital stay.
Results At T0, no statistically significant differences were ob-
served in the levels of glucose, ketone bodies, and 3-MH
between the groups. At T1, no statistically significant differ-
ence in glucose levels was found between the groups.

However, ketone bodies were significantly lower, and the
changes in 3-MH levels were significantly less pronounced
in the glucose-treated group compared with controls. No sig-
nificant differences were observed between the groups in
terms of length of hospital stay.
Conclusions The administration of low doses of glucose dur-
ing surgery was safe, did not cause hyperglycemia or hypo-
glycemia, and inhibited lipid metabolism and protein catabo-
lism. Additional experiments with larger cohorts will be nec-
essary to investigate whether intraoperative management with
glucose facilitates postoperative recovery of patients with oral
cancer.

Keywords Glucose . Intraoperative nutrition . Protein
catabolism . General anesthesia . Oral andmaxillofacial
surgery

Introduction

Patients with oral cancer who undergo oral and maxillofacial
surgery sometimes have inadequate nutritional intake. In ad-
dition, patients who undergo invasive procedures, such as sur-
gery, have facilitation of insulin resistance, which leads to a
reduction of glucose utilization, enhancement of lipid metab-
olism, and protein loss due to catabolism (degradation) of
proteins in the muscles. So far, intravenous extracellular fluid
infusions without carbohydrates have conventionally been
used during most surgical procedures [1]. However, the intra-
operative loading of low doses of glucose has recently been
reported to stimulate and promote insulin secretion, inhibit
protein catabolism, and reduce the production of ketone bod-
ies during surgery [2]. In addition, the emergence of
ultrashort-acting narcotic analgesics, which provide a persis-
tent and stable analgesic effect, has made it easier to achieve
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glycemic control and protect patients against stress caused by
invasive surgery. Therefore, the issue of the perioperative an-
esthetic management of the patients should be readdressed,
particularly in the context of nutritional management.

In this study, we examined the effects of the continuous
intraoperative administration of low doses of carbohydrates
for 4 h after the start of surgery on carbohydrate, protein,
and lipid metabolism, protein loss, and the length of hospital
stay in patients with oral cancer.

Materials and methods

The study consisted of 16 patients, mainly with oral cancer,
who underwent long-duration surgery (4 h or longer) at the
Department of Surgery of the Kyushu Dental University Hos-
pital in Kitakyushu, Japan. We included patients without dia-
betes, with normal liver, kidney, and endocrine functions, and
with physical status I or II according to the American Society
of Anesthesiologists’ classification system. All patients pro-
vided written informed consent to participate in the study, and
the study was approved by the Research Ethics Committee at
the Kyushu Dental University under code number 23-27.
Written informed consent was obtained from all the patients.

Patients were randomly assigned to two groups using the
envelope method. One group received glucose during surgery
(glucose group, n=8) and the other did not (control group, n=
8) (Table 1). The type of surgery the patients underwent is
shown in Table 1.

In both groups, Lactated Ringer’s solution containing no
carbohydrates was used for intravenous infusions (Lactec®
injectable solution, Otsuka Pharmaceutical Co., Ltd., Tokyo,
Japan). In the glucose group, injectable glucose solution
(50 % solution, Otsuka Pharmaceutical Co., Ltd.) was diluted
to 5 % concentration and administered from the side tube of

the infusion line at an infusion rate of 0.1 g glucose/kg/h using
a syringe pump (Terufusion syringe pump, ®TE-332S,
Terumo, Tokyo, Japan).

On the day before surgery, patients were instructed to re-
frain from eating and drinking for 12 h. On the day of surgery,
after induction of general anesthesia, indwelling catheter was
placed in the radial artery of the arm or the dorsal artery of the
foot. Arterial pressure was measured and blood samples were
obtained by inserting a catheter in the artery. Blood was col-
lected before surgery (T0) and 4 h after the start of surgery
(T1). In the glucose group, blood collection at T0 was follow-
ed by administration of glucose (0.1 g/kg/h). The blood col-
lected from the arterial catheter was used to measure the plas-
ma levels of glucose (normal range, 80–180 mg/dL), ketone
bodies (indicators of lipid metabolism, normal range, 28~
120 μmol/l), and 3-methylhistidine (3-MH; an indicator of
muscle protein catabolism, normal range unknown). In this
study, we investigated whether the administration of low
doses of carbohydrates causes hypoglycemia or hyperglyce-
mia, suppresses the production of ketone bodies and 3-MH is
suppressed, and shortens the length of hospital stay.

For general anesthesia, the same method was used in both
groups. Induction was performed using an intravenous anes-
thetic (propofol, 1~1.5 mg/kg) and a muscle relaxant
(rocuronium bromide, 0.6 mg/kg), followed by O2 (40 %)
and an inhalational anesthetic (sevoflurane, 1~1.5 %). Anes-
thesia was maintained using an ultrashort-acting narcotic an-
algesic (remifentanil, 0.2~0.3 μg/kg/min). The patient’s con-
dition was managed so that the bispectral index (Aspect Med-
ical Systems Inc, Newton, MA) ranged between 40 and 60
during surgery. In addition, when plasma glucose levels
reached 200 mg/dL or higher during surgery, glycemic control
using insulin was initiated.

Statistical analyses were conducted using the IBM SPSS
Statistics software. Among the background factors used in the

Table 1 Characteristics of the study groups

Control group ( mean±SD ) Glucose group (mean±SD ) P value

Age (years) 63±13 66±16 0.73

Sex (male/ female) 6/2 6/2 1.00

Height (cm) 163.1±11.1 163.0±8.2 0.73

Weight (kg) 74.0±31.2 53.3±4.7 0.12

Body mass index (kg/m2) 26.4±7.8 20.3±1.4 0.08

Amount of adrenaline used (μg) 120.6±65.3 90.8±33.5 0.32

Amount of ephedrine used (mg) 14.8±8.6 16.5±9.2 0.81

Volume of infusion (mL/kg/h) 4.3±1.2 5.7±1.4 0.10

Urine output (mL/kg/h) 1.1±0.8 1.2±0.4 0.84

Catheter placed artery (radial/dorsal) 5/3 6/2 0.50

Type of surgery Neck dissection: 1 Open reduction and internal fixation: 1

Tumor resection: 7 Tumor resection: 7

No significant differences were observed between the groups for any of the parameters
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comparisons between the groups, sex was tested using the
Fisher exact test, while the other parameters including the
plasma levels of glucose, ketone bodies, 3-MH, and the length
of hospital stay were tested using the unpaired t test. The 3-
MH results are shown as the change in level from T0 and T1.
A P value of less than 0.05 was considered statistically
significant.

Results

No significant differences were observed between the groups
in terms of age, body weight, and sex. Moreover, the amounts
of adrenaline added to the local anesthetics and of sympatho-
mimetic drug, alpha-agonist vasopressors (ephedrine), used
during surgery were similar in both groups (P=0.32 and P=
0.81, respectively) (Table 1).

No significant differences were observed between the
groups in any of the parameters, hemodynamic status (heart
rate, mean body pressure) and bispectral index values at base-
line (T0) and 4 h after the start of surgery (T1) (Table 2).

At T0, there were no significant differences between the
groups in terms of the plasma levels of glucose, ketone bodies,
and 3-MH. At T1, there were no significant differences be-
tween the groups only in plasma glucose levels (P=0.065)
(Fig. 1). In the control group, the concentrations of ketone
bodies at T1 were significantly higher compared with those
at T0 (P=0.022). In addition, at T1, the plasma concentrations
of ketone bodies were significantly lower in the glucose group
than in the control group (P=0.021) (Fig. 2). The changes in
plasma 3-MH levels were significantly lower in the glucose
group than in the control group (P=0.047) (Fig. 3). No signif-
icant differences were observed between the groups in terms
of the length of hospital stay (P=0.198; Fig. 4).

Discussion

Our findings showed that in oral and maxillofacial surgery, the
perioperative administration of low doses of glucose allowed
inhibition of lipid metabolism and protein catabolism, without
causing excessive hyperglycemia or hypoglycemia.

The intravenous infusion rate of the injected glucose de-
pends on the intravenous infusion load and is thus subject to
changes owing to hypotension after anesthetic induction or
owing to sudden bleeding. Thus, we expected that the admin-
istration of glucose at a constant rate would not be possible.
Therefore, we used a syringe pump to administer glucose ac-
curately at a determined infusion rate. In addition, a previous
study on rats [3] showed no differences in terms of the inhib-
itory effect on protein catabolism between glucose adminis-
tration rates of 0.1 and 0.5 g/kg/h. Therefore, we chose the
administration rate of 0.1 g/kg/h. We also chose this rate be-
cause intravenous administration of high-concentration glu-
cose solution (10 % or more) is likely to trigger thrombophle-
bitis owing to high osmolarity. In this study, no patient

Table 2 Hemodynamic status and bispectral index values at baseline
(T0) and 4 h after the start of surgery (T1)

T0 T1 P value

Heart rate (bpm)

Control group 67±6 65±6 0.39

Glucose group 57±7 57±4 0.92

MBP (mmHg)

Control group 98±6 101±4 0.15

Glucose group 96±14 98±8 0.42

BIS values

Control group 46±6 47±4 0.60

Glucose group 45±3 46±1 0.70

No significant differences between two groups were detected for any of
the parameters

Fig. 1 Plasma glucose level for glucose group and control group patients
at anesthetic induction (T0) and 4 h after the start of surgery (T1).
Differences between groups and within groups were not significant
(NS) for plasma glucose levels. Results are expressed as mean±standard
deviation (SD)

Fig. 2 Differences in the plasma levels of ketone bodies between the
groups. #P<0.05 within the groups and *P<0.05 between the groups
(unpaired t test). Results are expressed as mean±standard deviation (SD)
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experienced thrombophlebitis. The diluted glucose concentra-
tion was 5 %, and the administration rate was 0.1 g/kg/h,
which was thought to reduce the risk of patients developing
postoperative thrombophlebitis.

The administration of adrenaline causes an increase in plas-
ma glucose levels; however, in this study, no significant dif-
ferences were observed between the groups in terms of the
amount of adrenaline added to the local anesthetic and the
doses of sympathomimetic drug, alpha-agonist vasopressors
(ephedrine). Corticosteroids were not used in any of the
groups during the study period. In this study, plasma glucose
levels did not reach ≥200 mg/dL during surgery; therefore, it
was not necessary to administer insulin.

Previous reports have shown that it is best to assess varia-
tions in 3-MH levels by measuring its plasma levels than
urinary levels because plasma levels reflect short-term chang-
es [4]; therefore, in our study, we measured the plasma levels
of 3-MH along with those of glucose and ketone bodies.

Excessive hyperglycemia causes damage to the cellular
functions of vascular endothelial cells and the phagocytic
function of monocytes, which leads to a delay in wound
healing and increases the postoperative risk of infection. The
incidence of surgical wound infection has been reported to be
high in patients with intraoperative plasma glucose levels of
150 mg/dL or higher [5]. Fifty percent of patients with

diabetes have been reported to experience deterioration in gly-
cemic control after oral surgery under general anesthesia. In
30 % of the cases, the deterioration persisted for 3 days or
longer after the surgery [6]. This confirms the importance of
glycemic control in the perioperative period [7–9].

However, previous reports have shown that 60 % of glu-
cose is produced through gluconeogenesis as a result of 22-h
fasting, which starts on the day before surgery [10]. This sug-
gests that, preoperatively, patients with oral cancer are in a
state of biological starvation. Intraoperative administration of
glucose not only causes an increase in plasma glucose levels
but also inhibits protein catabolism [11]. In our study, we also
observed an inhibitory effect of glucose on protein catabolism.
Previous studies have shown that when surgery lasts longer
than 3 h, the production of ketone bodies is enhanced; there-
fore, to inhibit the disintegration of muscle proteins, a mini-
mum amount of carbohydrates needs to be administered even
if the surgery is conducted under general anesthesia [12]. The
use of oral carbohydrates has been reported to be safe and well
tolerated and was not found to cause any perioperative adverse
events. Moreover, they were found to improve postoperative
metabolism by decreasing insulin resistance [13]. Thus,
screening for various perioperative management techniques
such as administration of lose doses of carbohydrates could
improve the quality of life of oral cancer patients.

In conclusion, during the perioperative period, the patient is
in a state of biological starvation and develops a stress re-
sponse to invasive surgery, resulting in enhanced gluconeo-
genesis and insulin resistance by inflammatory cytokines,
which leads to stress-induced hyperglycemia. However, re-
ducing stress by providing sufficient analgesia, preventing
hyperglycemia, and providing an adequate amount of glucose
and appropriate glycemic control, may facilitate quick recov-
ery in postoperative patients. Our study suggests that the ad-
ministration of low doses of glucose during oral and maxillo-
facial surgery is safe, does not cause excessive hyperglycemia
or hypoglycemia, and inhibits lipid metabolism and protein
catabolism. In this study, we could not determine whether
these surrogate measures could predict patient outcomes and
directly facilitate clinical healing in terms of the length of
hospital stay. The main limitation of our study was the small
sample size in both groups. Additional studies with a larger
cohort will be necessary to validate the finding that intraoper-
ative management with glucose facilitates postoperative re-
covery of patients with oral cancer.
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Fig. 4 Length of hospital stay. Results are expressed as mean±standard
deviation (SD). Difference between the groups were not significant (NS)

Fig. 3 Change in plasma 3-methylhistidine (3-MH) levels fromT0 to T1.
#P<0.05 between the groups (unpaired t test). Results are expressed as
mean±standard deviation (SD)
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