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Effects of preoperative oral carbohydrate therapy on 
perioperative glucose metabolism during oral–
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Background and Objectives: Preoperative oral carbohydrate therapy has been suggested to attenuate postopera-
tive insulin resistance. The purpose of this study was to investigate the effect of a carbohydrate-rich beverage 
given preoperatively on intraoperative glucose metabolism. Methods and Study Design: This study was a ran-
domised, open-label, placebo-controlled trial. Patients undergoing oral–maxillofacial surgery were divided into 
two groups. In the glucose group, patients took glucose (50 g/278 mL, p.o.) 2 h before anaesthesia induction after 
overnight fasting; control-group patients took mineral water. Primary outcome was blood concentrations of ke-
tone bodies (KBs); secondary outcomes were blood concentrations of free fatty acids, insulin and glucose. Con-
centrations were measured 2 h before anaesthesia (T0), induction of anaesthesia (T1), and 1 h (T2), 3 h (T3), and 
5h after anaesthesia start (T4). Results: In the control group (n=11), KBs increased continuously from anaesthe-
sia induction. In the glucose group (n=12), KBs were maintained at low concentrations for 3h after beverage con-
sumption but increased remarkably at T3. At T1 and T2, concentrations of KBs in the glucose group were signifi-
cantly lower than those in the control group (T1, p=0.010; T2, p=0.028). In the glucose group, glucose concentra-
tions decreased significantly at T2 temporarily, but in the control group, glucose concentrations were stable dur-
ing this study (T2, p<0.001: glucose vs control). Conclusions: Preoperative intake of glucose (50 g, p.o.) can al-
leviate ketogenesis for 3 h after consumption but can cause temporary hypoglycaemia after anaesthesia induction. 
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INTRODUCTION 
From the 1970s to 1990s, administration of glucose-free 
infusions during anaesthesia was common because hy-
perglycaemia elicited poor outcomes (especially for cra-
niotomy).1,2  However, overnight fasting causes glucone-
ogenesis from glycogen, hastens decomposition of fat and 
protein, and results in increases in concentrations of ke-
tone bodies (KBs) and free fatty acids (FFAs). Collapse 
of muscle protein by gluconeogenesis contributes to inhi-
bition of wound healing and early recovery from surgery. 
Increases in concentrations of FFAs by fat decomposition 
cause myocardial damage (e.g., systolic dysfunction).3 
Hence, even on the day of surgery, a small amount of 
glucose loading is necessary to suppress catabolism.4 

Preoperative oral carbohydrate therapy (POCT) is a 
useful tool for glucose management. A total of 50.4 
g/12.6% carbohydrate given via the oral route 2 h before 
anaesthesia is recommended in the Enhanced Recovery 
After Surgery (ERAS) protocol.5 POCT prevents reduc-
tions in concentrations of nitrogen and protein6,7 to main-
tain lean body mass8 and muscle strength.9 In addition, 
POCT attenuates postoperative insulin resistance.10,11 
However, metabolic changes during anaesthesia have not 
been investigated thoroughly. The concentration of glu-
cose in blood would change immediately after taking a 
preoperative carbohydrate-rich beverage. Glucose short- 

 
 
age accelerates gluconeogenesis, thereby leading to ca-
tabolism. However, the effect of POCT on catabolism and 
blood glucose concentrations has not been investigated in 
detail.  

We conducted this study to answer two questions dur-
ing elective oral–maxillofacial surgery: (i) to what extent 
and for how long can POCT suppress ketogenesis during 
anaesthesia; and (ii) can POCT elicit major changes in 
blood glucose concentrations during anaesthesia. 
 
METHODS 
Study design 
The study protocol was approved by the ethics committee 
of Kyushu University Hospital (Fukuoka, Japan) and reg-
istered in the University Hospital Medical Information 
Network as a ‘clinical intervention study’ (approval num-
ber 000010742). All patients provided written informed  
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consent to participate in the study. This was a single-
centre, open-label, randomised, placebo-controlled, paral-
lel-arm, prospective clinical trial.  

Patients who had an American Society of Anesthesiol-
ogists (ASA) physical status of I or II, were aged 20–64 
years, and were about to undergo oral–maxillofacial sur-
gery were enrolled into the present study between May 
2013 and January 2014. We excluded patients who: had 
not eaten sufficiently owing to a jawbone fracture; re-
ceived a diagnosis of diabetes mellitus; were found to 
have a fasting blood glucose concentration >6.1 mmol/L 
preoperatively; had been administered corticosteroid 
hormones; had a body mass index <18 or >30 kg/m2; 
were expected to have difficulties undergoing intubation; 
or could not follow the protocol because of mental defi-
ciency.  

A random allocation sequence was generated by a re-
search assistant in our department using random permuted 
blocks without stratification. Enrolment of participants 
was done by the principal investigator. The research as-
sistant assigned each participant a group based on the 
random allocation sequence and prepared beverages for 
each group. Allocation was concealed from patients, the 
anaesthesiologist and clinical investigator until the end of 
anaesthesia. Subsequently, the clinical investigator ana-
lysed the data. However, if a patient noticed the allocation 
group by tasting the test beverage, the allocation was 
deemed ‘open’. One of the two groups consumed a bev-
erage containing 50 g/18% glucose and mineral water 
(glucose group), and the other group consumed the same 
amount of mineral water (control group). In our study, 
glucose content was designed to involve the same amount 
of carbohydrate in beverages as the protocol recommend-
ed by ERAS. Patients in both groups were fasted from 
midnight of the day before surgery and took each bever-
age in its entirety during 5–10 min at 2 h before the in-
duction of anaesthesia on the day of surgery. Patients 
were not given an intravenous drip until the induction of 
anaesthesia. 

 
Study procedure 
Anaesthesia was induced with fentanyl (4 μg/kg body 
weight) and midazolam (0.1 mg/kg). Vecuronium (0.1 
mg/kg) was administered after loss of consciousness. 
Tracheal intubation was done with a cuffed RAE tube. 
Anaesthesia was maintained with sevoflurane (1.0–2.0%), 
remifentanil (0.1–1.0 μg/kg/min) and one dose of fentanyl 
(50 or 100 μg). Values of the Bispectral Index (which is 
used to indicate the depth of anaesthesia by analyses of 
electroencephalogram) were maintained at 40–60. Me-
chanical ventilation was undertaken with tidal volumes of 
8–10 mL/kg and respiratory rate of 6–10/min. Circulatory 
dynamics were maintained at ±20% of preoperative rest-
ing blood pressure, and hypertensors were administered 
to patients as needed. Body temperature was controlled 
by a warming blanket (Bair Hugger®; 3M, Maplewood, 
MN, USA) so that rectal temperature remained ≥36°C. 
Acetated Ringer’s solution without glucose was trans-
fused throughout our study. A nonsteroidal anti-
inflammatory drug (diclofenac sodium (Voltaren SUP-
PO®), 50 mg; Novartis Japan, Tokyo, Japan) was admin-
istered (p.r.) at the end of surgery for pain relief. 

Blood samples were obtained from a vein in the fore-
arm or dorsum of the hand at five time points: 2 h before 
the induction of anaesthesia (T0), induction of anaesthe-
sia (T1), 1 h after the start of anaesthesia (T2), 3 h after 
the start of anaesthesia (T3), and 5 h after the start of an-
aesthesia (T4). An intravenous catheter was placed in the 
forearm or dorsum of the hand at T0, and blood samples 
obtained at the five time points mentioned above. Blood 
concentrations of cortisol, noradrenaline, glucose, insulin, 
FFAs and KBs were measured at these five time points. 
Concentrations of cortisol and noradrenaline were meas-
ured because they are considered to reflect surgical stress. 
Blood concentrations of glucose, insulin, FFAs and KBs 
were measured to evaluate metabolism. These results 
were reported several days after the induction of anaes-
thesia. The respiratory quotient (RQ = expired CO2 
/inspired O2) was measured continuously during intuba-
tion using a respiratory gas analyser (V-MAX®; Nihon 
Kohden, Tokyo, Japan). This device could calculate the 
RQ during mechanical ventilation using a sensor connect-
ed to an expiration inlet on an anaesthesia machine. For 
patients intubated for longer than T3, we measured the 
RQ at T2, 2 h after the start of anaesthesia, and T3.  

 
Statistical analysis 
The sample size was calculated based on a report in 
which the mean increase in blood concentrations of 
acetoacetic acid between baseline and 4 h after the start of 
infusion was 84% and 300% in comparison with the glu-
cose-loading group (1% glucose infusion) and control 
group (no glucose), respectively.12 A sample size of 12 
patients per group was calculated to detect a difference in 
the concentration of KBs at which the suppressive effect 
upon ketogenesis by preoperative carbohydrate loading 
would be 60% of glucose infusion, in consideration of 
patient dropouts (α=0.05, β=0.8, two-tailed test). 

Data are the mean (SD). A datum shown as the RQ at a 
particular time was the weighted value, and was calculat-
ed from the raw data of RQ measured every 10s. The un-
paired t-test or χ2 test was used to compare values in the 
control group with those from the glucose group. One-
way repeated ANOVA with the Greenhouse-Geisser 
modification was used, and the Bonferroni test was em-
ployed as a post hoc comparison to detect differences in 
the control group or glucose group. SPSS v21.0 (IBM, 
Armonk, NY, USA) was used for statistical analyses. A 
value of p<0.05 was considered significant. 
 
RESULTS 
Before elective oral–maxillofacial surgery, 197 patients 
were eligible for the present study, and 173 patients were 
excluded. These patients were excluded due to: un-
matched age (<18 or >64 years) (n=136); mental defi-
ciency (n=8); jawbone fracture (n=5); body mass index 
<18 or >30 kg/m2 (n=4); administration of corticosteroid 
hormones (n=3); diabetes mellitus (n=2); other medical 
reasons why the study protocol could not be carried out 
(n=2); refusal to participate (n=13). The remaining 24 
patients were divided randomly into the glucose group or 
control group. The glucose group and control group con-
tained 12 patients each. One patient in the control group 
left the study for surgical treatment of ischaemic heart 
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disease. Finally, 12 patients in the glucose group and 11 
patients in the control group were evaluated (Figure 1). 
There were no significant differences in patient character-
istics or operative data between the groups (Table 1).  

There were no significant differences in the blood con-
centration of cortisol or noradrenaline at each of the five 
measurement times between the groups (Table 2).  

There was no significant difference in the blood con-
centration of glucose 2 h before the induction of anaes-

thesia (T0) between the groups. Subsequently, the blood 
concentration of glucose in the glucose group decreased 
temporarily 1h after the start of anaesthesia (T2) and re-
covered to a normal concentration at the remaining meas-
urement times. In the glucose group, the blood concentra-
tion of glucose was significantly lower than that in the 
control group at T2 (Table 2). All patients in the control 
group had a stable, within-normal concentration of glu-
cose.  

 

 
 

Figure 1. CONSORT diagram for this study  
 
 
Table 1. Demographics and characteristics of patients 
 

  Glucose group 
(n=12) 

Control group 
(n=11) p 

Gender (M/F)† 5/7 5/6 0.855 
Age (years)‡ 43±13 42±13 0.741 
BMI (kg/m2)‡ 24±3.0 22±3.6 0.339 
Duration of general anesthesia (min)‡ 355±172 258±108 0.126 
Duration of surgery (min)‡ 252±153 148±86 0.060 
Amount of bleeding (mL)‡ 319±535 249±550 0.758 
Fentanyl (μg/kg/h)‡ 1.7±0.4 1.9±0.4 0.313 
Remifentanil (μg/kg/min)‡ 0.16±0.08 0.13±0.06 0.250 
Operative procedures†     Removal of oral cancer 0 2 0.823 

  Neck dissection 1 1 
  Extraction of oral cancer with neck dissection 1 0 
Iliac bone graft 2 1 

  Orthognathic of jaw 2 1 
  Removal of plates and screws 2 3 
Extraction of teeth, extraction and fenestration of the cyst 3 2 

  Removal of sequestrum 0 1 
 The milling surgery of bone prominence 1 0 

 
Data are mean±SD or number of patients. 
†χ2 test.  
‡Unpaired t-test. There were no significant differences. 
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With regard to the blood concentration of insulin, there 
was no significant difference 2 h before the start of anaes-
thesia (T0) between the groups. In the glucose group, the 
blood concentration of insulin increased temporarily upon 
the induction of anaesthesia (T1). At T1, the blood con-
centration of insulin was significantly higher than that in 
the control group (Table 2).  

There was no significant difference in the blood con-
centration of KBs 2 h before the start of anaesthesia (T0) 
between the groups (mean and standard deviation; glu-
cose group: T0, 36.3 (13.0); control group: T0, 37.1 (16.1) 
μmol/L, p=0.902, t-test). At the induction of anaesthesia 
(T1), the blood concentration of KBs in the glucose group 
was significantly lower than that in the control group 
(glucose group: T1, 183 (4.9); control group: T1 64.0 
(48.3) μmol/L, p=0.010, t-test). One hour after the start of 
anaesthesia (T2), the blood concentration of KBs in the 
control group increased above the normal concentration, 
but the blood concentration of KBs in the glucose group 
was within normal concentrations. The blood concentra-
tion of KBs in the glucose group was significantly lower 
than that in the control group (glucose group: T2, 36.9 
(10.9); control group: T2, 148.7 (144.0) μmol/L, p=0.028, 
t-test). From 3 h after the start of anaesthesia (T3), the 
blood concentration of KBs in the glucose group in-
creased obviously, and significant differences in the con-
centration of KBs were not found between the groups 
(glucose group: T3, 152.4 (95.1); T4, 101.7 (51.7); con-
trol group: T3, 179.6 (110.7); T4, 165.8 (125.0) μmol/L, 
p=0.533 (T3); 0.137 (T4), t-test) (Figure 1a). In the con-
trol group, the blood concentration of KBs increased sig-
nificantly from T0 to T3 (T0, 152.4 (95.1); T3, 179.6 
(110.7) μmol/L, p=0.047, Bonferroni test). In the glucose 
group, the blood concentration of KBs decreased signifi-
cantly from T0 to T1 (T0, 36.3 (1.3); T1, 18.3 (4.9) 
μmol/L, p=0.004, Bonferroni test), and increased signifi-
cantly from T0 to T3 and T4 (T0, 36.3 (1.3); T3, 152.4 
(95.1); T4, 101.7 (51.7) μmol/L, p=0.024 (T3); 0.018 
(T4), Bonferroni test) (Figure 2a).  

There was no significant difference in the blood con-
centration of FFAs 2 h before the start of anaesthesia (T0) 
between the groups (mean and standard deviation; glu-

cose group: T0, 454.6 (186.6); control group: T0, 468.1 
(176.7) μmol/L, p=0.861, t-test). At 3 h after the start of 
anaesthesia (T3) only, the concentration of FFAs in the 
glucose group was significantly higher than that in the 
control group (glucose group: T3, 993.3 (315.1); control 
group: T3, 1402.6 (1052.6) μmol/L, p=0.047, t-test) (Fig-
ure 1b). In the control group, the blood concentration of 
FFAs increased significantly from T0 to T2 (T0, 468.1 
(176.7); T2, 1754.2 (1237.9) μmol/L, p=0.043, Bonferro-
ni test). In the glucose group, the blood concentration of 
FFAs increased significantly from T0 to T3 and T4 (T0, 
454.6 (186.6); T3, 933.3 (315.1); T4, 788.0 (306.6) 
μmol/L, p=0.003 (T3); 0.009 (T4), Bonferroni test) (Fig-
ure 2b). 

The RQ were measured for the 15 out of 23 patients 
who were maintained on intubation until 3 h after the start 
of anaesthesia, and were assessed 1, 2 and 3 h after the 
start of anaesthesia. Eight patients formed the glucose 
group and seven patients formed the control group, and 
there were no significant differences in patient character-
istics or operative data. At 1 and 2 h after the start of an-
aesthesia, the RQ in the glucose group was higher than 
that in the control group (glucose group: 1 h, 0.93(0.18); 
control group, 1 h, 0.87 (0.12), p=0.527, t-test; glucose 
group: 2 h, 0.85 (0.15); control group, 2 h, 0.78 (0.08), 
p=0.295, t-test). At 3 h after the start of anaesthesia, the 
RQ in both groups was comparable (glucose group: 3 h, 
0.78 (0.13); control group, 3 h, 0.80 (0.13), p=0.789, t-
test) (Figure 3). 

 
DISCUSSION 
Glucose intake is important for suppression of catabolism 
even on the day of surgery because glucose is essential 
for biological activity as a ‘metabolic fuel’. Red blood 
cells consume only glucose as an energy source. In the 
brain, 80% of the energy requirement must be supplied 
by glucose during acute starvation. Glucose is supplied 
mainly from the liver by glycogen decomposition, and is 
supplied subsequently by gluconeogenesis using glyco-
genic amino acids mainly from skeletal muscles if exter-
nal glucose is not administered. However, total storage of 
glycogen is much less than basal energy consumption for 

Table 2. Alterations in concentrations of stress hormones, glucose and insulin 
 
    T0 T1 T2 T3 T4 
Cortisol (μg/dL) Glucose 21.9±6.23 13.6±7.71 6.93±2.60 3.13±1.80 4.53±7.39 

Control  20.8±4.42 18.4±4.69 8.59±2.53 5.91±4.75 10.4±11.3 
 p  0.669  0.100  0.148  0.108  0.162  
       

Noradrenaline (pg/mL) Glucose 318±123 287±114 133±86.2 150±91.6 173±133 
Control  275±108 262±85.8 119±61.9 195±97.8 189±55.0 

 p  0.393  0.573  0.664  0.279  0.729  
       

Glucose (mmol/L) Glucose 5.04±0.540 5.08±0.982 3.82±0.858 5.25±1.17 5.22±1.42 
Control 4.75±0.547 4.92±0.392 5.13±0.405 5.11±0.425 4.91±0.495 

 p 0.206  0.626  <0.001** 0.709  0.504  
       

Insulin (μU/mL) Glucose 5.77±2.83 13.4±10.0 1.82±1.01 3.32±1.60 3.95±1.95 
Control 6.41±2.90 4.70±2.44 2.38±1.15 5.07±3.64 2.97±2.13 

 p  0.599  0.013*  0.229  0.166  0.262  
 
Data are mean±SD.  
T0, 2 h before anaesthesia; T1, induction of anaesthesia; T2, 1 h after the start of anaesthesia; T3, 3 h after the start of anaesthesia; T4, 5 h 
after the start of anaesthesia.  
p-value: Unpaired t-test between the glucose group and the control group (*p<0.05, **p<0.001) 
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1 day.13 Therefore, energy shortages are covered almost 
completely by fat oxidation. FFAs from adipose tissue are 
released into blood, and many tissues take them up as an 
energy substrate. KBs are synthesised from FFAs in the 
liver, and skeletal and cardiac muscle use them as an en-
ergy substrate. Increases in concentrations of KBs in 
blood suggest that acceleration of fat oxidation and 
breakdown of proteins may be occurring simultaneously.  

Anaesthetic management is also important to control 
surgical stress and to suppress catabolism. It has been 
shown that remifentanil can suppress surgical stress under 
general anaesthesia.14 In the present study, anaesthesia 
was maintained with sevoflurane, remifentanil and fenta-
nyl. We measured concentrations of cortisol and norepi-
nephrine because these hormones are released during 

stress. Cortisol and noradrenaline were maintained at 
lower concentrations during anaesthesia than that before 
anaesthesia, and there were no significant differences 
between groups at all time points (Table 2). Therefore, we 
suggest that surgical stress was suppressed sufficiently in 
both groups. 

Our first question was ‘to what extent and for how long 
can POCT suppress ketogenesis during anaesthesia?’ We 
showed that oral intake of glucose (50 g) suppressed ke-
togenesis, but the suppressive effect upon ketogenesis 
was observed for 3 h. Blood concentrations of KBs in the 
glucose group 1 h after the start of anaesthesia were sus-
tained at normal levels, but those in the control group 
became significantly higher and beyond the upper limit 
(Figure 2a). However, blood concentrations of KBs in-

(a)       (b)  
 
Figure 2. Change in blood concentrations of ketone bodies and free fatty acids in patients undergoing elective oral–maxillofacial surgery: 
a, ketone bodies; b, free fatty acids. T0, 2 h before anaesthesia; T1, induction of anaesthesia; T2, 1 h after the start of anaesthesia; T3, 3 h 
after the start of anaesthesia; T4, 5 h after the start of anaesthesia. Values are mean±SD. †Unpaired t-test (control group versus glucose 
group). ‡Blood ketone bodies; One-way repeated ANOVA followed by Bonferroni test (versus T0 in the control group or in the glucose 
group). §Blood free fatty acids; One-way repeated ANOVA followed by Bonferroni test (versus T0 in the control group or in the glucose 
group). p-value: *p<0.05, **p<0.01.  
 
 

 
 
Figure 3. Change of RQ in patients undergoing elective oral–maxillofacial surgery. Values are mean±SD. The black solid line represents 
the RQ change of the control group, and the black dashed line represents the RQ change of the glucose group. There were no significant 
differences between the groups at each hour (unpaired t-test). 
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creased significantly 3 h after the start of anaesthesia, and 
blood concentrations of KBs in both groups became com-
parable. Blood concentrations of FFAs 1h after the start 
of anaesthesia in the glucose group were significantly 
lower than those in the control group, and there were no 
significant differences between the groups 3 h after the 
start of anaesthesia (Figure 2b). Some FFAs might have 
been metabolised to KBs 3 h after the start of anaesthesia. 
In our study, 50 g glucose (p.o.) suppressed fat oxidation 
effectively for 3 h. These results are in accordance with a 
report in healthy volunteers.15 The mean basal metabolic 
rate was 1380 kcal/day, which was calculated from the 
Harris–Benedict equation. Interestingly, 50 g of glucose 
(200 kcal) was nearly equivalent to the basal metabolic 
rate for 3.5 h, which corresponds to the effective time of 
glucose loading (50 g, p.o.) in our study.  

Metabolic substrates can be estimated from RQ results. 
In the present study, RQ results suggested that oral intake 
of glucose (50 g) suppressed catabolism for 3 h after in-
take. In the glucose group, the RQ at 1 h after the start of 
anaesthesia was 0.93, which suggested that carbohydrate 
was used mainly as the energy substrate. The RQ at 3 h 
after the start of anaesthesia decreased to 0.78, which 
suggested that the main substrate might have changed to 
fat. In the control group, the RQ from 1 h to 3 h after the 
start of anaesthesia had been ≈0.8, which might suggest 
that fat and protein had been used as substrates from the 
start of anaesthesia. In both groups, the RQ was ≤1.0, 
which may suggest that glucose (50 g, p.o.) did not cause 
unnecessary nutritional overfeeding.16,17  

Our second question was ‘can POCT cause major 
changes in blood glucose concentrations during anaesthe-
sia?’ In the glucose group, six of 12 patients had reduc-
tions in blood concentrations of glucose temporarily 3 h 
after oral intake of 50 g of glucose (i.e., 1h after the start 
of anaesthesia). The reduction of glucose concentrations 
in blood might have been related to increases in insulin 
concentrations in blood. In the glucose group, blood con-
centrations of insulin were significantly higher upon the 
induction of anaesthesia than that in the control group 
(Table 2). Awad et al measured blood concentrations of 
glucose and insulin every 20 min in healthy volunteers 
who did not have general anaesthesia, and temporary re-
duction of the blood concentration of glucose was not 
observed for 6 h after oral intake of 50 g of carbohy-
drate.15 Therefore, anaesthesia may be an important factor 
in temporary reduction of glucose concentrations in blood 
after oral intake of carbohydrate. Three mechanisms of 
action may be related to this phenomenon. First, insulin is 
secreted in a biphasic manner.18 The first phase is transi-
ent (lasting 10 min), but the second phase is sustained. 
Moreover, if glucose is taken via the oral route, incretins 
are secreted along with absorption of glucose in the intes-
tine, and incretins promote insulin secretion in the pan-
creas.19 Oral intake of glucose increases blood glucose 
concentrations more readily in comparison with malto-
dextrin.20 That is, oral intake of 50 g of glucose might 
excessively increase and prolong insulin secretion, which 
might result in a temporary reduction in the blood con-
centration of glucose after the induction of anaesthesia. In 
this context, maltodextrins or starch might be more suita-
ble than glucose as a carbohydrate given before surgery. 

Second, insulin secretion due to carbohydrate loading 
using 50 g of glucose (p.o.) can inhibit the glucose supply 
from glycogen.21 Glucose uptake into the liver might in-
crease, and/or glucose supply and glucose release in the 
liver might be reduced. Third, hemodilution due to an 
initial infusion at the induction of anaesthesia might con-
tribute to a temporary reduction in blood concentrations 
of glucose.  

Hypoglycaemia during anaesthesia may be harmful and 
difficult to detect because patients cannot complain its 
symptoms. The Normoglycemia in Intensive Care Eval-
uation and Surviving Using Glucose Algorithm Regula-
tion (NICE-SUGAR) study reported that hypoglycaemia 
(blood sugar <2.2 mmol/L) caused by intensive insulin 
therapy is a risk factor for mortality in the intensive care 
unit.22 In that study, no patients had severe hypoglycae-
mia (<2.2 mmol/L), but 50% of patients in the glucose 
group had a significant decrease in blood concentrations 
of glucose temporarily (<3.8 mmol/L) after the induction 
of anaesthesia. In the case of preoperative administration 
of 50 g of glucose via the oral route without intraopera-
tive glucose infusion, a temporary decrease in blood con-
centrations of glucose must be monitored carefully. Fur-
thermore, variability in blood glucose concentrations 
leads to an increase in postoperative mortality,23,24 so sta-
ble and strict management of blood glucose in the periop-
erative period is required. Infusion of 1% glucose can 
increase blood glucose concentrations temporarily 1h 
after the induction of anaesthesia.12 Yokoyama et al re-
ported the advantages of using a solution of 1% glucose 
during anaesthesia for orthopaedic surgery. In their study, 
patients received 25 mL/kg of fluid during the first 1h 
after the start of anaesthesia as an initial infusion, and the 
infusion rate was changed subsequently to 4 mL/kg/h. 
Administration of a solution of 1% glucose increased the 
blood glucose concentration to 9.4 mmol/L temporarily at 
1 h after the start of anaesthesia, but recovered to ≈6.6 
mmol/L after changing the infusion rate to 4 mL/kg/h. 
Intraoperative infusion with low-dose glucose has in-
creased in popularity, and this strategy may spare the 
shortage of sugar in the body and suppress gluconeogene-
sis. Therefore, a combination of preoperative oral carbo-
hydrate loading and glucose infusion during anaesthesia 
might be useful to maintain blood glucose concentrations.  

The present study had two main limitations: (i) the 
study cohort was small; (ii) patients underwent only elec-
tive oral–maxillofacial surgery.  

In conclusion, in patients undergoing elective oral–
maxillofacial surgery, preoperative administration of 50 g 
of glucose via the oral route is very useful. This method 
was shown to alleviate ketogenesis significantly for 3 h 
after its intake. Preoperative administration of 50 g of 
glucose via the oral route caused a significant decrease in 
blood glucose concentration temporarily after the induc-
tion of anaesthesia, but no patient suffered severe hypo-
glycaemia (blood glucose <2.2 mmol/L). 
 
ACKNOWLEDGEMENTS 
The authors thank S Sako, J Hirokawa, and S Koyama for their 
help in blood sampling, as well as J Kishimoto for advice on 
statistical analyses. 
 



                                                        Preoperative carbohydrate therapy for oral surgery                                                   143                                                             

AUTHOR DISCLOSURES 
The authors declare that they have no conflict of interest. This 
study was conducted using funding from the Department of 
Dental Anaesthesiology of Kyushu University Hospital. 
 
REFERENCES 
1. Lindsberg PJ, Roime RO. Hyperglycemia in acute stroke. 

Stroke. 2004;35:363-4. doi: 10.1161/01.STR.0000115297. 
92132.84. 

2. Baird TA, Parsons MW, Phan T, Butcher KS, Desmond PM, 
Tress BM, Colman PG, Chambers BR, Davis SM. Persistent 
poststroke hyperglycemia is independently associated with 
infarct expansion and worse clinical outcome. Stroke. 2003; 
34:2208-14. doi: 10.1161/01.STR.0000085087.41330.FF. 

3. Liu Q, Docherty JC, Rendell JC, Clanachan AS, Lopaschuk 
GD. High levels of fatty acids delay the recovery of 
intracellular pH and cardiac efficiency in post-ischemic 
hearts by inhibiting glucose oxidation. J Am Coll Cardiol. 
2002;39:718-25. doi: 10.1016/S0735-1097(01)01803-4. 

4. Mikura M, Yamaoka I, Doi M, Kawano Y, Nakayama M, 
Nakano R, Hirasaka K, Okumura Y, Nikawa T. Glucose 
infusion suppresses surgery-induced muscle protein 
breakdown by inhibiting ubiquitin-proteasome pathway in 
rats. Anesthesiology. 2009;110:81-8. doi: 10.1097/ALN.0b0 
13e318190b6c1. 

5. Fearon KC, Ljungqvist O, Von Meyenfeldt M, Revhauq A, 
Dejonq CH, Lassen K et al. Enhanced recovery after 
surgery: a consensus review of clinical care for patients 
undergoing colonic resection. Clin Nutr. 2005;24:466-77. 
doi: 10.1016/j.clnu.2005.02.002. 

6. Crowe PJ, Dennison A, Royle GT. The effect of pre-
operative glucose loading on postoperative nitrogen 
metabolism. Br J Surg. 1984;71:635-7. 

7. Svanfeldt M, Thorell A, Hausel J, Soop M, Rooyackers O, 
Nygren J, Ljungqvist O. Randomized clinical trial of the 
effect of preoperative oral carbohydrate treatment on 
postoperative whole-body protein and glucose kinetics. Br J 
Surg. 2007;94:1342-50. doi: 10.1002/bjs.5919. 

8. Yuill KA, Richardson RA, Davidson HIM, Garden OJ, 
Parks RW. The administration of an oral carbohydrate-
containing fluid prior to major elective upper 
gastrointestinal surgery preserves skeletal muscle mass 
postoperatively: a randomised clinical trial. Clin Nutr.  2005; 
24:32-7. doi: 10.1016/j.clnu.2004.06.009. 

9. Henriksen MG, Hessov I, Dela F, Hansen HV, Haraldsted V, 
Rodt SA. Effects of preoperative oral carbohydrates and 
peptides on postoperative endocrine response, mobilization, 
nutrition and muscle function in abdominal surgery. Acta 
Anesthesiol Scand.  2003;47:191-9. doi: 10.1034/j.1399-65 
76.2003.00047.x. 

10. Nygren J, Soop M, Thorell A, Efendic S, Nair KS, 
Liungqvist O. Preoperative oral carbohydrate administration 
reduces postoperative insulin resistance. Clin Nutr. 1998;17: 
65-71. doi: 10.1016/S0261-5614(98)80307-5. 

11. Soop M, Nygren J, Thorell A, Weidenhielm L, Lundberg M, 

Hammarqvist F, Ljungqvist O. Preoperative oral 
carbohydrate treatment attenuates endogenous glucose 
release 3 days after surgery. Clin Nutr. 2004;23:733-41. doi: 
10.1016/j.clnu.2003.12.007. 

12. Yokoyama T, Suwa K, Yamasaki F, Yokoyama R, 
Yamashita K, Selldén E. Intraoperative infusion of acetated 
Ringer solution containing glucose and ionized magnesium 
reduces ketogenesis and maintains serum magnesium. Asia 
Pac J Clin Nutr. 2008;17:525-9. 

13. Rothman DL, Magnusson I, katz LD, Shulman RG, 
Shulman GI. Quantitation of hepatic glycogenolysis and 
gluconeogenesis in fasting human with 13C NMR. Science. 
1991;254:573-6. 

14. Hasegawa A, Iwasaka H, Hagiwara S, Hasegawa R, Kudo K, 
Kusaka J, Asai N, Noguchi T.  Remifentanil and glucose 
supress inflammation in a rat model of surgical sress. Surg 
Today.  2011;41:1617-21. doi: 10.1007/s00595-010-4457-z. 

15. Awad S, Fearon KC, Macdonald IA, Lobo DN. A 
randomized cross-over study of the metabolic and hormonal 
responses following two preoperative conditioning drinks. 
Nutrition.  2011;27:938-42. doi: 10.1016/j.nut.2010.08.025. 

16. Wooley JA. Indirect calorimetry: applications in practice. 
Respir Care Clin N Am.  2006;12:619-33. 

17. Sauerwein HP, Strack van Schijndel RJ. Perspective: How 
to evaluate studies on peri-operative nutrition? 
Consideration about the definition of optimal nutrition for 
patients and its key role in the comparison of the results of 
studies on nutritional intervention. Clin Nutr.  2007;26:154-
8. doi: 10.1016/j.clnu.2006.08.001. 

18. Rorsman P, Eliasson L, Reastrӧm E, Gromada J, Barg S, 
Gӧpel S. The cell physiology of biphasic insulin secretion. 
News Physiol Sci. 2000;15:72-7. 

19. Seino Y, Yabe D. Glucose-dependent insulinotropic 
polypeptide and glucagon-like peptide-1: Incretin actions 
beyond the pancreas. J Diabetes Invest. 2013;4:108-30. doi: 
10.1111/jdi.12065. 

20. Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, 
Baldwin JM, Bowling AC, Newman HC, Jenkins AL, Goff 
DV. Glycemic index of foods: a physiological basis for 
carbohydrate exchange. Am J Clin Nutr. 1981;34:362-6. 

21. Katz H, Butler P, Homan M, Zerman A, Caumo A, Cobelli 
C, Rizza R. Hepatic and extrahepatic insulin action in 
humans: measurement in the absence of non-steady state 
error.  Am J Physiol. 1993;264:E561-6. 

22. NICE-SUGAR Study Investigators, Finfer S, Chittock DR, 
Su SY, Blair D, Foster D et al. Intensive versus 
conventional glucose control in critically ill patients. N Engl 
J Med. 2009;360:1283-97. doi: 10.1056/NEJMoa08 10625. 

23. Egi M, Bellomo R, Stachowski E, French CJ, Hart G. 
Variability of blood glucose concentration and short-term 
mortality in critically ill patients. Anesthesiology. 2006; 
105:244-52.  

24. Krinsley JS. Glycemic variability: a strong independent 
predictor of mortality in critically ill patients. Crit Care Med. 
2008;36:3008-13. doi: 10.1097/CCM.0b013e31818b38d2. 

 


