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Abstract
Background: The aim of this prospective randomized controlled study was to examine the optimal rate of
glucose administration for preventing catabolism under general anaesthesia maintained with remifentanil.
Methods: Forty-five consecutive patients who were scheduled to undergo elective head and neck surgery
were enrolled. The patients were divided into three groups and were treated with a glucose-free solution
(Group G0) or a glucose solution at a rate of 0.07 g/kg/h (Group G1) or 0.14 g/kg/h (Group G2). The
patients’ plasma glucose, the plasma levels of ketone bodies, free fatty acids (FFA), 3-methylhistidine (3MH), creatinine (Cr), Branched-Chain Amino Acid (BCAA), and stress hormones were measured every two
hours until 6h (T6).
Results: The plasma glucose levels of Group G2 were significantly higher than those of the other groups
at T2, T4, and T6 (P<0.01); however, the plasma glucose levels of the three groups did not differ at POD1.
Group G0 exhibited significantly higher plasma ketone body and BCAA levels (at T2, T4, and T6) and
FFA levels (at T4 and T6). No significant inter-group differences in the plasma levels of 3-MH/Cr or stress
hormones were observed.
Conclusions: Intraoperative glucose administration at a rate of 0.07 g/kg/h under general anaesthesia
inhibited catabolism without the risk of hyperglycaemia.
Keywords: Intraoperative nutrition, glucose, metabolism, remifentanil

Introduction

Some previous studies have shown that the administration of
glucose during surgery can inhibit starvation-induced catabolism [1-7] and attenuate post-operative insulin resistance [8].
Furthermore, the degree of postoperative insulin resistance
was found to be an independent factor associated with the
length of the postoperative hospital stay [9]. However, the rate
of glucose administration differed in these previous studies
(0.07–0.25 g/kg/h), and hyperglycaemia occurred in most of
the studies as a complication. Hyperglycaemia is known to
contribute to neuronal injury [10] and to increase the risk of
surgical site infection [11] it is also reportedly associated with
increased morbidity and mortality at the time of acute brain
injury [12].
In addition, the glucose levels of the subjects in these
previous studies might have been relatively high because the

general anaesthesia was maintained with fentanyl instead of
remifentanil, which is better at preventing hyperglycaemia
as it can effectively control intraoperative stress [13,14]. Furthermore, the types of surgery performed varied between the
studies, with differences in the invasiveness of the procedures
and, hence, in the extent of the intraoperative stress that was
induced. Because of the heterogeneity in the rate of glucose
administration or the degree of intraoperative stress, the
most appropriate intraoperative glucose administration rate
remains unknown in situations with controlled invasiveness
where surgery is performed under contemporary methods of
anaesthesia.
In this study, to examine the optimal rate and the effects of
glucose administration under general anaesthesia maintained
with remifentanil, we investigated the metabolic parameters of
patients while receiving treatment with glucose at different rates.

© 2017 Yoshimura et al; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0). This permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Yoshimura et al. Journal of Anesthesiology & Clinical Science 2017,
http://www.hoajonline.com/journals/pdf/2049-9752-6-1.pdf

Methods

This single-centre, prospective randomized controlled study
was conducted at Nagoya City University Hospital during
the period from February 2013 to February 2014. The study
was approved by the research ethics committee at Nagoya
City University and was registered at the University Hospital
Medical Information Network (UMIN) Clinical Trials Registry.
Consecutive patients (American Society of Anesthesiologists physical status I - II) who underwent elective head and
neck surgery were enrolled. All the patients were enrolled
after providing informed consent. The patients were randomly allocated to one of the following three groups using
an envelope-based method: Group G0, which consisted of 15
patients who were infused with bicarbonate Ringer’s solution
without glucose; Group G1, which consisted of 15 patients
who were infused with bicarbonate Ringer’s solution and
were treated with glucose at a rate of 0.07 g/kg/h (0.28 kcal/
kg/h) ; and Group G2, which consisted of 15 patients who
were infused with bicarbonate Ringer’s solution and were
treated with glucose at a rate of 0.14 g/kg/h (0.56 kcal/kg/h)
. The exclusion criteria consisted of patients who were less
than 20 years of age or who were more than 80 years of age;
those who had liver disease, chronic or acute kidney disease,
chronic obstructive pulmonary disease, or diabetes; or those
who were obese (BMI >30 kg/m2).
Upon arrival in the operating room, the standard monitoring
of each patient’s vital parameters and the bispectral index (BIS
XP; Aspect Medical, DeMeern, The Netherlands) was initiated.
Each patient’s systolic blood pressure (BP), diastolic BP, and
heart rate were evaluated using an automatic blood pressure machine every 150 seconds beginning after the start of
general anaesthesia induction until the start of the operation.
The patients were given 100% oxygen through a facemask
for 3 min. General anaesthesia was induced through the
intravenous administration of propofol via target-controlled
infusion at a concentration of 3 or 4 µg/ml combined with 2-4
µg/kg fentanyl, 0.25-0.3 µg/kg/min remifentanil, and 0.9 mg/
kg rocronium, which were delivered via tracheal intubation.
After the induction of anaesthesia, the patients were given
40 % oxygen, and the end-tidal carbon dioxide pressure was
maintained at between 30 and 40 mmHg by mechanical ventilation with volume control ventilation, the tidal volume was
kept at 8-10 ml/kg, and the positive end-expiratory pressure
was kept at zero. The doses of the anaesthetic agents were
adjusted to produce a BIS value of 40-60. A 20-G or 22-G arterial
catheter was inserted into the left or right radial artery and was
connected to a FloTrac/Vigileo system (Edwards Lifesciences,
LLC, Irvine, CA), which enabled the continuous monitoring of
stroke volume, stroke volume variation (SVV), cardiac output,
and the cardiac index via a FloTracTM pressure transducer.
All the patients were infused with bicarbonate Ringer’s
solution, and the infusion rate was freely adjusted to obtain
an SVV value of 10-15. The patients in Group G1 were infused
with acetated Ringer’s solution and 5% glucose at a rate of 1.4
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ml/kg/h (glucose: 0.07 g/kg/ h) and acetated Ringer’s solution
without glucose at a rate of 1.4 ml /kg/h, while the Group G2
patients were infused with acetated Ringer’s solution and 5%
glucose at a rate of 2.8 ml/kg/h (glucose: 0.14 g/kg/ h). The
Group G0 patients were infused with acetated Ringer’s solution without glucose at a rate of 2.8 ml/kg/h. This infusion
protocol was continued until the end of surgery.

Measurements

Blood samples were collected from the radial artery. The
plasma glucose levels were measured every other hour from
anaesthetic induction (T0) until 6 h (T6) as well as at 7 AM
the following morning (POD1) using an ABL800 FLEX blood
gas analyser (Radiometer, Tokyo, Japan). The plasma levels
of ketone bodies (acetoacetate and beta hydroxybutyrate),
free fatty acids (FFA), 3-methylhistidine (3-MH), creatinine (Cr),
BCAA, adrenaline, noradrenaline, cortisol, and adrenocorticotropic hormone (ACTH) were measured at T0, T2, T4, and
T6.BCAA The plasma levels of ketone bodies, FFA, and Cr were
measured using enzymatic techniques, whereas the plasma
levels of BCAA, 3-MH and catecholamine were measured using
high-performance liquid chromatography. The plasma ACTH
levels were measured using an electro-chemiluminescence
immunoassay, and the plasma cortisol levels were measured
using a radioimmunoassay.

Analysis

The Statistical Package for the Social Sciences (Sigma Plot 12.5,
San Jose, California, USA) was used for the statistical analyses.
Data are presented as the mean (standard deviation) values.
Numerical data, including those for the blood samples were
compared among the three groups using a two-way repeated
measure ANOVA. Categorical data were analysed using the
Chi square test. For all the analyses, P values of less than 0.05
were considered significant.

Results

Forty-six patients who underwent elective surgery were
enrolled in this study. One patient refused to participate in
the study. No significant differences were observed among
the three groups in terms of their demographic, intraoperative data or the type of surgery that was performed (Table 1).
The subjects’ stress hormones levels at T0, T2, T4, and T6
did not differ significantly among the three groups (Table 2).
The variations in the plasma levels of ketone bodies, FFA
and BCAA differed significantly among the three groups (P
<0.001, P<0.05, P<0.001, respectively, Figures 1-3) and those
levels of Group G0 was significantly higher than those of
Groups G1 and G2. The change in the plasma 3-MH/Cr ratio
did not differ significantly among the three groups (Figure 4).
Figure 5 shows the change in the plasma glucose level. The
variations in the plasma glucose level differed significantly
among the three groups (P <0.001). In Group G2, the plasma
glucose level was significantly higher than those of Groups G0
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Table 1. Comparison of demographic and intraoperative information among the
three groups.
Group G0

Group G1

Group G2

Age (years)

49.6 (13.9)

52.3 (11.9)

53.5 (15.8)

Height (cm)

163.0 (7.5)

159.0 (8.0)

165.4 (8.3)

Weight (kg)

60.1 (10.1)

57.7 (8.0)

63.6 (12.0)

Body-mass index (kg/m)

22.5 (2.4)

22.7 (1.7)

23.1 (2.8)

Sex (male/female)

9/6

5/10

11/4

Fasting time (h)

13.6 (0.3)

13.4 (0.4)

13.6 (0.7)

Propofol (mg kg/h)

6.7 (1.4)

6.2 (1.0)

6.2 (1.1)

Remifentanil (mg kg/ h)

0.15 (0.05)

0.15 (0.05)

0.13 (0.05)

Anaesthesia time (min)

644.9 (259.5)

605.6 (223.3)

552.2 (162.5)

Infusion balance (mL)

2359.5 (1379.2) 1899.2 (807.2) 2285.3 (1415.5)

Type of surgery
Brain tumour surgery

4

4

5

Head and neck tumour surgery 8

8

3

Cerebral bypass surgery

1

2

2

Neurovascular decompression

--

1

1

Tympanoplasty

--

--

1

Clipping of a cerebral aneurysm 1

--

1

Carotid endarterectomy

--

2

1

Values are given as the mean (SD) or number.
No significant differences were observed among the groups.
Table 2. Comparison of plasma adrenaline, noradrenaline, cortisol, and ACTH levels.
T0

T2

T4

T6

G0
G1

17.3 (14.0)
18.6 (20.4)

5.2 (13.4)
2.9 (2.5)

8.2 (15.6)
2.7 (2.1)

11.6 (32.5)
3.1 (2.8)

G2
G0
G1

11.8 (10.0)
9.5 (8.7)
8.8 (6.7)

2.7 (2.7)
57.4 (30.0)
65.5 (46.5)

3.2 (2.4)
19.4 (13.0)
20.2 (13.1)

2.9 (2.4)
19.3 (19.7)
14.8 (19.5)

G2
Noradrenaline (pg/ml) G0
G1

10.6 (7.6)
95.0 (58.5)
73.5 (58.0)

47.0 (37.7)
60.7 (33.8)
50.5 (30.9)

17.8 (11.1)
63.7 (57.8)
41.8 (26.6)

10.9 (9.5)
58.5 (55.8)
38.9 (18.5)

G2
G0

120.9 (73.7)
12.6 (11.1)

95.9 (97.1)
6.0 (9.7)

65.0 (75.3)
3.5 (5.7)

65.8 (56.8)
2.9 (6.2)

G1
G2

19.4 (30.1)
15.3 (19.1)

7.7 (15.3)
5.9 (9.7)

4.1 (8.9)
1.5 (1.4)

2.1 (4.1)
1.1 (1.2)

ACTH (pg/ ml)

Adrenaline (pg/ml)

Cortisol (μg/ d)

Changes in plasma hormone concentrations every 2 hours for Group G0, Group G1,
and Group G2. Results are expressed as the mean (SD). Differences among the three
groups were not significantly different.

and G1 from T2-T6 (P<0.01 between G0 and G2 and between
G1 and G2 at T2, T4, and T6; Figure 5); however, the plasma
glucose level did not differ among the three groups at POD1.
The frequencies of postoperative complications did not differ
significantly among the three groups (Table 3).

Discussion

In this study, we investigated the effects of intraoperative
glucose administration on metabolism under general anaesthesia maintained with remifentanil. We demonstrated that
the intraoperative administration of glucose inhibits lipolysis
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Figure 1. Changes in the plasma ketone bodies concentration
relative to the value at T0 for Group G0, Group G1, and Group
G2 at T0, T2, T4, and T6. The results are expressed as the
mean±SD. Differences among the three groups were significant
at P<0.001 using a two-way repeated measure ANOVA. *P<0.01
among G0 and G2, G0, and G1; **P<0.001 between G0 and G2,
and between G0 and G1 using the Tukey test.

Figure 2. Changes in the plasma free fatty acids concentration
relative to the value at T0 for Group G0, Group G1, and Group
G2 at T0, T2, T4 and T6. The results are expressed as the
mean±SD. Differences among the three groups were significant
at P<0.05 using a two-way repeated measure ANOVA. *P<0.05
between G0 and G2; **P<0.001 between G0 and G2, P<0.05
between G0 and G1 using the Tukey test.

doi: 10.7243/2049-9752-6-1

Figure 3. Changes in the BCAA concentration relative to the
value at T0 for Group G0, Group G1, and Group G2 at T0, T2,
T4, and T6. The results are expressed as the mean±SD. Results
are expressed as mean ± SD. Differences between three groups
were significant at p<0.001 by a two-way repeated measure
ANOVA. *P<0.05 between G0 and G2; **P<0.001 between G0
and G2, G1 and G2; ***P<0.001 between G0 and G2, P<0.05
between G1 and G2 by Tukey test.

Figure 4. Changes in the plasma 3-MH/Cr concentration
relative to the value at T0 for Group G0, Group G1, and
Group G2 at T0, T2, T4, and T6. The results are expressed as
the mean±SD. Differences among the three groups were not
significant using a two-way repeated measure ANOVA.

absolutely require 180 g of glucose per day [15]. A lack of
glucose results in gluconeogenesis or fat and protein catabolism. The enhanced recovery after surgery (ERAS) program
has suggested that perioperative nutritional care (avoidance
of fasting, preoperative carbohydrate loading until 2 hours
and proteolysis under general anaesthesia. In addition, our prior to surgery, and postoperative early enteral nutrition)
findings suggested that the optimal amount of glucose ad- can inhibit catabolism and improve insulin resistance [16]. In
ministration in our setting was 0.07 g/kg/h, whereas more our study, the indexes of fat and protein catabolism of Group
than 0.14 g/kg/ h might cause hyperglycaemia (>160 mg/dl). G0 were higher than those of other groups.
Glucose is essential for living bodies, and erythrocytes,
Previous studies have demonstrated the inhibition of
adrenomedullary cells, and central nervous system cells catabolism by the administration of glucose under general
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and the type of surgery that was performed both have large
impacts on the extent of intraoperative stress. However, as
mentioned above, the type of surgery performed differed in
previous studies. Accordingly, surgical stress might not have
been completely suppressed in the previous studies, which
could have affected the subjects’ plasma glucose levels. Since
a variety of head and neck surgeries were included in our
study, we measured stress indicators including adrenaline,
noradrenaline, cortisol, and ACTH. However, no significant
differences were observed among the three groups.
In previous studies, the plasma levels of ketone bodies
and FFA were used to assess fat catabolism [1-7]. Similarly,
we evaluated ketone bodies and FFA in the present study as
well. On the other hand, the plasma BCAA, 3-MH, or 3-MH/Cr
levels or urinary 3-MH/Cr levels were used to assess muscle
catabolism [2-7]; in other words, the previous studies used
Figure 5. Changes in the plasma glucose concentration for
different indexes. We used the plasma BCAA and 3-MH/Cr
Group G0, Group G1 and Group G2 at T0, T2, T4, T6, and
POD1 (the following morning at 7 AM). The results are exlevels to assess muscle catabolism. The increase of BCAA
pressed as the mean±SD. Differences among the three groups
levels observed during short fasting indicates a condition
were significant at P<0.001 using a two-way repeated measure
of protein catabolism [18]. The plasma 3-MH levels that have
ANOVA. *P<0.01 between G0 and G2, and between G1 and G2
been corrected relative to the plasma creatinine levels have
using a Tukey test.
recently been suggested to be a more sensitive marker than
the urinary 3-MH levels [19].
Table 3. Postoperative complications.
Despite the observed the inhibition of lipolysis (assessed
by ketone bodies and FFA) and proteolysis (assessed by BCAA)
Group G0 Group G1 Group G2
in the absence of hyperglycaemia, the plasma 3-MH/Cr level
PONV
7
11
5
did not differ significantly among the three groups. Yamasaki
Surgery site infection 2
3
1
K et al. [5] showed that the plasma 3-MH level of a group in
Values are given as the mean (SD) or number.
which glucose was administered (0.07 g/kg/h) after overnight
No significant differences were observed among the groups.
fasting was significantly decreased after surgery. On the other
hand, some studies have shown that the administration of
anaesthesia at a rate of 0.07-0.25 g/kg/ h [1-7], whereas hyper- glucose during surgery did not affect the urinary 3-MH or
glycaemia was detected in studies in which more than 0.15 3-MH/Cr levels [3,6,7]. Thus, Kanbe N et al. [7] proposed that
g/kg/h of glucose were administered. We demonstrated that 3-MH may not have been the most appropriate index of the
the mean energy expenditure (EE) value of operative patients degree of protein catabolism.
was 17.7kcal/kg/day in a previous study [17]. As carbohydrates
Our study had some limitations. First, compared with the
typically account for 50% of the energy provided by the three currently recommended fasting period, the patients examined
major nutrients, the above result suggests that patients under in this study were subjected to a long period of preoperative
general anaesthesia require about 0.09 g/kg/h. Therefore, we starvation. Thus, different results might be obtained in studconsidered that the administration of less than 0.1 g/kg/h of ies involving relatively short preoperative fasting periods.
glucose might provide a sufficient quantity of glucose without Second, since propofol was used for anaesthesia, an energy
inducing hyperglycaemia and adopted a rate of 0.07 g/kg/h substrate was administered in Group G0. The amount of
in this study; we then used a group treated with twice this propofol administered was similar in all the groups; however,
amount (0.14 g/kg/h) as a target for comparison.
the administration of lipids alone might have influenced the
When examining the optimal amount of glucose to be metabolism in Group G0. Third, we did not evaluate the cliniadministered and the effect of intraoperative glucose adminis- cal outcomes. The inhibition of catabolism may promote the
tration during general anaesthesia, one of the most important post operative outcomes, so that future large randomized
things is to consider the invasiveness of the surgery being trials are needed. Third, we could not observe the effects of
performed. In most previous studies examining the effects glucose administration on postoperative complications. More
of intraoperative glucose administration on metabolism, patients were needed to analysis these outcomes. Further
general anaesthesia was maintained with fentanyl without large-sized study is need in the future.
remifentanil and the type of surgery varied. Generally speaking, remifentanil is more useful for controlling intraoperative Conclusion
stress [13,14]. In addition, the anaesthetic drug that was used We evaluated the effects of administering different amounts
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in neurocritical care patients: a review. J Neurosurg Anesthesiol. 2009;
21:2-9. | Article | PubMed

of glucose on metabolism under general anaesthesia maintained with remifentanil. Our findings regarding the fat and
protein catabolism indexes suggest that the administration of
a low dose of glucose at a rate of 0.07 g/kg/h is adequate to
suppress catabolism and to reduce the risk of hyperglycaemia.
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