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Abstract
Background: Previous studies showed that remifentanil-induced anesthesia can inhibit surgical stress response in
non-diabetic adult patients and that low-dose glucose loading during anesthesia may attenuate fat catabolism.
However, little is known about the influence of glucose loading on metabolism in elderly patients, whose condition
may be influenced by decreased basal metabolism and increased insulin resistance. We hypothesized that, in
elderly patients, intraoperative low glucose infusion may attenuate the catabolism of fat without causing harmful
hyperglycemia during remifentanil-induced anesthesia.
Methods: Elderly, non-diabetic patients scheduled to undergo elective surgery were enrolled and randomized to
receive no glucose (0G group) or low-dose glucose infusion (0.1 g/kg/hr. for 1 h followed by 0.05 g/kg/hr. for 1 h;
LG group) during surgery. Glucose, adrenocorticotropic hormone (ACTH), 3-methylhistidine (3-MH), insulin, cortisol,
free fatty acid (FFA), creatinine (Cr), and ketone body levels were measured pre-anesthesia, 1 h post-glucose
infusion, at the end of surgery, and on the following morning.
Results: A total of 31 patients (aged 75–85) were included (0G, n = 16; LG, n = 15). ACTH levels during anesthesia
decreased significantly in both groups. In the LG group, glucose levels increased significantly after glucose loading
but hyperglycemia was not observed. During surgery, ketone bodies and FFA were significantly lower in the LG
group than the 0G group. There were no significant differences in insulin, Cr, 3-MH, and 3-MH/Cr between the two
groups.
Conclusion: Remifentanil-induced anesthesia inhibited surgical stress response in elderly patients. Intraoperative
low-dose glucose infusion attenuated catabolism of fat without inducing hyperglycemia.
Trial registration: This study has been registered with the University hospital Medical Information Network Center
(http://www.umin.ac.jp/english/). Trial registration number: UMIN000016189. The initial registration date: January
12th 2015.
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Background
Glucose tolerance is decreased during surgery by catecholamines and stress hormones, such as cortisol and adrenocorticotropic hormone (ACTH) [1–4], and intraoperative
hyperglycemia is a risk factor for postoperative complications and mortality [5–7]. Therefore, glucose solution is
not generally infused during surgery, despite the fact that
an energy deficit may lead to the catabolism of fats and/or
proteins. Several studies show that remifentanil reduces
the stress response during surgery [8–11]. We previously
reported that anesthesia using remifentanil limits the surgical stress response in non-diabetic adult patients and
that low-dose glucose loading during anesthesia may attenuate the catabolism of fat [12]. Sawada et al. also
showed that intraoperative glucose infusion suppressed
lipolysis and proteolysis in patients anesthetized with
remifentanil [13].
It is reported that basal energy expenditure (EE) is
negatively associated with age in subjects > 52 years old
[14]. In addition, many studies have reported that insulin
secretion decreasing and resistance increasing with age
[15–18]. Elderly patients are, therefore, influenced by a
decrease in basal metabolism and an increase in insulin
resistance. These studies suggest that, while low-dose
glucose loading during remifentanil-induced anesthesia
may decrease stress hormone secretion and fat catabolism without causing hyperglycemia in adults, it may induce hyperglycemia in elderly patients. Currently, little
is known about the effect of glucose loading on metabolism in elderly patients during remifentanil-induced
anesthesia.
Here, we hypothesized that, in elderly patients, intraoperative low glucose infusion during remifentanilinduced anesthesia may attenuate the catabolism of fat
without causing harmful hyperglycemia. To test this hypothesis, we examined the effects of glucose infusion on
metabolism in elderly patients anesthetized with
remifentanil.
Methods
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formula: fasting insulin [μIU/ml] × fasting glucose [mg/dl]
/ 405. Eligible patients were randomized to receive no glucose (0G group) or a low-dose glucose infusion (0.1 g/kg/
hr. for 1 h followed by 0.05 g/kg/hr.; LG group) during
surgery.
The study was approved by Clinical Trial Center For
Developmental Therapeutics of the Tokushima University Hospital, and the reference number was 2211–1. All
participating subjects provided written informed consent. The study was registered with the University hospital Medical Information Network Center (http://www.
umin.ac.jp/english/); ID: UMIN000016189.

Anesthesia management and study protocol

Patients were allowed to eat until 00:00 h on the day of
surgery. Patients scheduled for surgery in the morning
received 250 ml (200 kcal) of Arginaid Water® (Nestle
Japan Ltd., Tokyo, Japan), and those scheduled in the
afternoon received 500 ml (400 kcal) 2 h before
anesthesia. The nutrient profiles of Arginaid Water® are
shown in Table 1. No patients were premedicated.
On arrival in the operating room, a 20 G catheter was
inserted into the forearm of each patient and bicarbonate Ringer’s solution without glucose was infused. General anesthesia was induced by intravenous
administration of thiamylal (3 mg/kg) and remifentanil
(0.25–0.5 μg/kg/min), and maintained with sevoflurane
(end-tidal sevoflurane ≥1.0%) and remifentanil (0.2–
0.5 μg/kg/min). Muscle relaxation with 0.7 mg/kg rocuronium bromide was performed to facilitate tracheal intubation. Rocuronium bromide was administered
intermittently, if required. All patients were maintenance
of the BIS value between 40 to 60 during the surgery.
The study protocol is illustrated in Fig. 1. After tracheal intubation, the heat and moisture exchange filter
was equipped with an S/5 compact monitor (GE Healthcare, Helsinki, Finland). The tidal volume was set at 7
ml/kg, the respiratory rate set with the aim of normocapnia, and the O2/air mixture at FiO2 0.5. Stable data

Study design and patient selection

Elderly (aged 75–85 years), non-diabetic patients
scheduled to undergo elective surgery in the Tokushima University Hospital between September 2015 and
September 2016 were enrolled. Patients were required
to have an American Society of Anesthesiologists
physical status of 1 or 2 and a scheduled surgery duration of > 1 h. Obese (body mass index [BMI] > 30 kg/m2)
and emaciated (BMI < 17 kg/m2) patients were excluded,
as were those taking steroids or diagnosed with diabetes
or thyroid disease. Patients requiring the use of a tourniquet or laparoscopy during surgery were also excluded
from the final analysis. Homeostasis Model Assessment
Insulin Resistance (HOMA-IR) was calculated by the

Table 1 Major nutrients in Arginaid Water®
Nutrients

Arginaid water 100 mL

Calories (kcal)

80

Moisture (g)

85.6

Arginine (g)

2.0

CHO (g)

18

Fat (g)

0

Sodium (mg)

0

Phosphate (mg)

140

Zinc (mg)

0.8

Copper (mg)

0.8
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Fig. 1 Study protocol. EE, energy expenditure; RQ, respiratory quotient; TV, tidal volume; RR, respiratory rate

for respiratory quotient (RQ), oxygen consumption ( V̇
O2), carbon dioxide output ( V̇ CO2), and EE were obtained from the S/5 compact monitor within approximately 20 min (time 0). In the LG group, the solution
was switched to 1% glucose acetated Ringer’s solution at
time 0, with the solution for both groups being initiated
at 10 ml/kg/hr. for 1 h, followed by 5 ml/kg/hr. Therefore, in the LG group, glucose was taken at 0.1 g/kg/hr.
for 1 h, followed by 0.05 g/kg/hr.

hexokinase method, plasma ACTH by an electro
chemiluminescent immunoassay, and plasma 3-MH by
high-performance liquid chromatography. Serum concentrations of FFA, ketone bodies, and Cr were measured
enzymatically,
serum
insulin
by
a
chemiluminescent enzyme immunoassay, and serum
cortisol by a radioimmunoassay. RQ, V̇ O2, V̇ CO2, and
EE were measured by the S/5 compact monitor and recorded at 30 min intervals until the end of surgery.

Measurements

Randomization and blinding

Blood was sampled at baseline (introduction of
anesthesia), 1 h after time 0, at the end of surgery, and
the next morning. Glucose concentrations were measured using a blood glucose monitor (Medisafe Fit,
TERUMO, Tokyo, Japan). Blood glucose concentrations
> 200 mg/dl were defined as hyperglycemia in this
study. Patients with blood glucose concentrations >
250 mg/dl were intravenously injected with 2 U insulin.
Blood samples were centrifuged at 150 g at 4 °C for 10
min (Table Top cooling centrifuge 2800, Kubota,
Tokyo, Japan), and plasma and serum samples were
stored at − 20 °C until analysis. Plasma concentrations
of glucose, ACTH, and 3-methylhistidine (3-MH) and
serum concentrations of insulin, cortisol, free fatty acid
(FFA), creatinine (Cr), and ketone bodies were analyzed. Plasma glucose was measured using the

We used a computer-generated distribution (QuickCalcs, GraphPad Inc., La Jolla, CA, USA) for randomly
allocation.
Anesthesiologists
collecting
intraoperative data were not blinded to group assignment, however, patients, surgeons and another
anesthesiologist evaluating the date were blinded to
group assignment.

Endpoints

The primary endpoint in the present study was the concentration of FFA. Secondary endpoints included the
concentration of ketone bodies (i.e. lipid metabolism),
the value of 3MH/Cr (i.e. protein catabolism), glucose
and serum insulin concentrations (i.e. glucose metabolism), ACTH and serum cortisol concentrations (i.e.
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Statistical analysis

test. Nominal scales were analyzed by the Chi-squared
test. P < 0.05 was considered to be statistically significant. All statistical analyses were performed with SPSS
version 20 (IBM, New York, NY, USA).

The primary endpoint was the concentration of FFA.
Our previous study reported that the concentration of
FFA in adult patients at 2 h after the initiation of infusion was significantly higher in patients who received no
intraoperative glucose than in those who received 1%
glucose intraoperatively (840 ± 290 versus 510 ± 240
μEq/L, respectively) [12]. Anticipating that the mean difference between the groups during surgery would be
330 ± 260 μEq/L, the minimum number of patients in
each group was 12, with an alpha of 0.05 and a power of
80% for FFA. We estimated that 32 patients should be
included in this trial, with 16 patients in each group, because of possible dropouts and complications during
surgery.
The Shapiro–Wilk test for fit with normal distribution
was performed. In parametric data, differences between
the time points within each group were compared using
repeated-measures analysis of variance with the Bonferroni post hoc test. Parametric data at the same time
points between the two groups of variables were analyzed by unpaired t-tests. In nonparametric data, differences between the time points within each group were
compared using Friedman’s test. Nonparametric data at
the same time points between the two groups of variables were analyzed by the Mann–Whitney rank-sum

Results
Patient recruitment and flow through the protocol is
summarized in Fig. 2. Although 34 patients were enrolled, one was excluded due to undiagnosed diabetes
and one patient refused to participate. Thirty-two patients were randomized to the 0G and LG groups; one
patient in the LG group was excluded from the analysis
as a non-permitted fluid was administered to treat bleeding. Therefore, 31 patients completed the trial and were
included in the analysis. The patients’ demographic data
and surgical procedures are shown in Tables 2 and 3.
No notable differences were seen between the 0G and
LG groups.
Levels of ACTH and cortisol at each study timepoint
are shown in Fig. 3. ACTH levels during surgery were
significantly lower than baseline in both groups (Fig. 3a).
As shown in Fig. 4a, plasma glucose levels in the LG
group were significantly higher than those in the 0G
group at 1 h (P = 0.006). At 1 h and at the end of surgery, plasma glucose levels were significantly higher than
baseline levels in the LG group (1 h vs baseline: P <
0.001, the end of surgery vs baseline: P = 0.043). However, the highest glucose concentration in the LG group
was 156 mg/dl and none of the patients in either group

stress hormone), and RQ (i.e. the energy source that they
used).

Fig. 2 Study flow diagram
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Table 2 Demographic data
0G group

LG group

P value

Male/Female

4/12

7/8

P = 0.21

Age (yr)

78.5 ± 2.8

79.0 ± 4.0

P = 0.83

Height (cm)

151.0 ± 6.3

157.7 ± 7.6

P = 1.0

Weight (kg)

57.3 ± 6.7

58.8 ± 13.1

P = 0.70

2

BMI (kg/m )

24.0 ± 2.0

24.2 ± 3.1

P = 0.81

HOMA-IR

1.85 ± 0.95

1.61 ± 0.94

P = 0.40

APACHE II score

8±4

7±2

P = 4.23

Operation time (min)

101.5 ± 35.9

142.0 ± 69.4

P = 0.06

Blood loss (ml)

50.0 ± 47.1

90.0 ± 267.5

P = 0.57

Data are expressed as the mean ± SD
There were no statistically significant differences between the 2 groups

required
intravenous
insulin
or
experienced
hypoglycemia (< 70 mg/dl).
FFA levels in the LG group were significantly lower
than those seen in the 0G group at 1 h and the end of
surgery (1 h: P = 0.004, the end of surgery: P = 0.001;
Fig. 5a). Levels of ketone bodies in the LG group were
significantly lower than those in the 0G group at 1 h and
at the end of surgery (1 h: P = 0.037, the end of surgery:
P = 0.007; Fig. 5b). Levels of ketone bodies at 1 h were
significantly higher than those at baseline in the 0G
group (P = 0.02; Fig. 5b).
There were no significant differences between the two
groups in EE (Fig. 6a), RQ (Fig. 6b), V̇ O2, V̇ CO2, insulin (Fig. 4b), Cr, 3-MH, and 3-MH/Cr.

Discussion
In this study of elderly patients, FFA levels in the LG
group were significantly lower than those in the 0G
group at 1 h and at the end of surgery. Levels of ketone
Table 3 Types of surgical procedure performed
0G group

LG group

Cervical laminoplasty

3 Cervical laminoplasty

1

Lumbar partial laminectomy

1 Microendscopic lunbar
laminectomy

1

Discectomy

1 Lumbar posterior fusion

3

Total hip arthroplasty

2 Extreme lateraI interbody fusion 1

Mastectomy

3 Total hip arthroplasty

1

Skin malignant tumor resection 1 Mastectomy

1

Scar plasty

1 Patial mastectomy

1

Laryngomicrosurgery

1 Flap surgery

1

Dacryocystorhinostomy

1 Laryngomicrosurgery

1

Perineoplasty

1 Endoscopic sinus surgery

1

Adnexectomy+colpoplasty

1 Dacryocystorhinostomy

1

Tension-free vaginal tape

1

Closure of colostomy

1

bodies in the LG group were significantly lower than
those seen in the 0G group at 1 h and the completion of
surgery. In addition, levels at 1 h were significantly
higher than those seen at baseline in the 0G group.
These results indicate that 1% glucose loading during
remifentanil-induced anesthesia attenuated the catabolism of fat in this patient group.
Our previous study of adult patients demonstrated
that ketone levels in subjects with no glucose loading
were approximately 300 μmol/L during surgery [12],
whereas in the current study of elderly patients, ketone
body levels were approximately 500 μmol/L in the 0G
group. However, in both studies, ketone body levels during surgery were approximately 200 μmol/L in the LG
group. This observation suggests that low-dose glucose
loading may be more effective in elderly patients than in
adult patients as a whole.
In the present study, all patients were given Arginaid
Water® 2 h before anesthesia. Arginaid Water® are carbohydrate with aminoacid solution, and the nutrient profiles are shown in Table 1. In our previous study, we
investigated whether the intake of preoperative carbohydrate with aminoacid solution can improve starvation
status and lipid catabolism before the induction of
anesthesia, and reported that the intake of preoperative
carbohydrate with aminoacid solution significantly decrease FFA and ketone bodies at the initiation of
anesthesia compared with the control group [19]. Therefore, non-preoperative Arginaid Water® may cause more
significantly difference in FFA and ketone bodies between 0G group and LG group.
HOMA-IR has been used widely to measure insulin
sensitivity and resistance based on fasting plasma glucose and insulin concentrations [20, 21]. Esteghamati A
et al. reported that the 75th percentile of HOMA-IR was
1.6 in heaIthy Iranians [22]. Beak JH et al. reported that
the overall optimal cut-off value of HOMA-IR for identifying dysglycemia was 1.6 in both sex, and that the cutoff values for type 2 diabetes mellitus were 2.87 in men
and 2.36 in women [23]. Ascaso JF et al. reported that
the 75th percentile value as the cut-off point to define
insulin resistance corresponded with a HOMA-IR of 2.6
[24]. In the present study, HOMA-IR did not differ significantly between the two groups (0G group: 1.85 ±
0.95, LG group: 1.61 ± 0.94, P = 0.40; Table 2). The highest HOMA-IR in the 0G group was 4.0, and that in the
LG group was 4.2. Therefore, in the present study, insulin resistance were increased in both groups.
In the present study, no significant changes in insulin
levels were seen. However, our previous study of adult
patients showed a significant increase in insulin levels
after low-dose glucose loading during surgery [12]. Many
studies have reported that insulin secretion decreasing
and resistance increasing with age [15–18]. Lozzo et al.
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Fig. 3 Plasma ACTH (a) and serum cortisol (b) concentrations in the 0G and LG groups prior to induction of anesthesia (base), at 1 h (1H) from
time 0, at the end of surgery (end), and on the next morning (next). *P < 0.05 versus baseline; #P < 0.05 between groups

investigated basal β-cell function in 957 non-diabetic
European patients aged 18–85 years, reporting that aging
is associated with decreased basal insulin release [15].
Muzumdar et al. studied insulin secretion in rats aged
3–20 months, showing that glucose-stimulated insulin
secretion decreased with age in this in vivo model [16].
Reaven et al. studied glucose-stimulated insulin release
in β-cells of 2–18-month-old rats, demonstrating that
the aging process leads to defects in glucose-stimulated
insulin release from β-cells [25]. Therefore, the results
seen in our current and previous studies support the
data obtained by other groups indicating that aging is associated with impaired glucose-stimulated insulin
release.
Parsons et al. reported that acute hyperglycemia adversely affects stroke outcome [26]. In the present study,
plasma glucose levels were higher in the LG group than

in the 0G group at 1 h and higher at 1 h and at the end
of surgery than at baseline in the LG group. However, as
the highest concentration of glucose in both groups was
156 mg/dl, none of the patients required intravenous insulin. These results suggest that, even in elderly patients,
remifentanil-induced anesthesia may prevent hyperglycemia associated with low-dose glucose infusion.
Remifentanil-induced anesthesia decreases stress hormones, such as ACTH and cortisol, and suppresses the
surgical stress response in adults [8–11]. Demirbilek
et al. compared the effects of remifentanil and alfentanil
as part of total intravenous anesthesia on plasma concentrations of cortisol, insulin, and glucose in patients
undergoing abdominal hysterectomy, demonstrating that
remifentanil-induced anesthesia was associated with decreased cortisol levels [8]. We previously reported that
anesthesia using remifentanil significantly decreases

Fig. 4 Plasma glucose (a) and serum insulin (b) concentrations in the 0G and LG groups prior to induction of anesthesia (base), at 1 h (1H) from
time 0, at the end of surgery (end), and on the next morning (next). *P < 0.05 versus baseline; #P < 0.05 between groups
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Fig. 5 Serum FFA (a) and ketone body (b) concentrations in the 0G and LG groups prior to induction of anesthesia (base), at 1 h (1H) from time
0, at the end of surgery (end), and on the next morning (next). *P < 0.05 versus baseline; #P < 0.05 between groups

ACTH and cortisol levels in adult patients [12]. In the
present study, ACTH in both the 0G and LG groups was
significantly decreased during remifentanil-induced
anesthesia, suggesting that general anesthesia using
remifentanil may suppress the stress response in elderly
patients.
There were no significant differences in 3-MH/Cre
levels in our current or previous studies [12]. In the
present study, the surgical procedures were primarily
performed on the body surface, rather than being highly
invasive, and the surgery time was approximately 2 h.
The aim was to exclude the influence of surgical stress
in order to observe the effect of aging in the present
study. Sawada et al. showed that 3-MH/Cr levels at 6 h
were significantly higher than levels prior to anesthesia
during major surgery in patients receiving no glucose

infusion [13]. This discrepancy suggests that significant
surgical stress may induce protein catabolism in the absence of glucose loading.
In the present study, subjects were elderly, but were
not obese. It is reported that age per se does not increase
HOMA-IR levels and that the changes might be related
to higher rates of obesity in older subjects [27]. In
addition, it is reported that the deterioration of glucose
tolerance in healthy elderly subjects is due to a decrease
in insulin secretion and can be explained by the degree
of obesity rather than age [28]. Furthermore, one study
demonstrated that aging has no effect on insulin sensitivity independent of changes in body composition [29].
These studies show that age itself does not increase insulin resistance and that changes may be related to the
development of obesity. The low-dose glucose infusion

Fig. 6 EE (a) and RQ (b) in the 0G and LG groups from the time of stabilization (time 0) to the end of surgery (end). EE, energy expenditure; RQ,
respiratory quotient
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during remifentanil-induced anesthesia in obese patients
may, therefore, induce hyperglycemia. In the present
study, one patient whose BMI was > 30 kg/m2 was excluded and BMI did not differ significantly between the
two groups (0G group: 24.0 ± 2.0 kg/m2, LG group:
24.2 ± 3.1 kg/m2, P = 0.81; Table 2). The highest BMI in
the 0G group was 26.9 kg/m2, and that in the LG group
was 29.1 kg/m2. While further studies are required to
evaluate this association further, in the current study of
elderly, non-obese patients, low-dose glucose loading
during remifentanil-induced anesthesia attenuated fat
catabolism without causing hyperglycemia.
Acute Physiology and Chronic Health Evaluation
(APACHE) II score is a general measure of severity of
disease, has been used to predict hospital mortality [30–
32]. We have done analysis to evaluate APACHE II score
with preoperative data. Gupta S et al. reported that critically ill patients (CIP) with APACHE II score of ≥15 at
admission or within 24 h are at risk for the development
of CIP [31]. Joe BH et al. reported that patients with
APACHE II score greater than 20 had tendency to expire than the others, and that APACHE II score more
than 20, rather than cardiac function, is associated with
mortality in patients with stress-induced cardiomyopathy
[32]. In present study, APACHE II score did not differ
significantly between the two groups (0G group: 8 ± 4,
LG group: 7 ± 2, P = 4.23; Table 2). The highest APACHE II score in the 0G group was 12, and that in the
LG group was 11. In present study, elderly (75–85 years)
were required to have American Society of Anesthesiologists physical status of 1 or 2. Therefore, in present
study, there were low severity in both groups.
In the present study, we used sevoflurane, but not propofol, to maintain the general anesthesia in elderly patients. Sevoflurane and propofol are commonly used
general anesthetics during surgery. Several clinical studies were tried to see whether the choice of the anesthetic
agent make a difference in postoperative delirium or the
postoperative cognitive dysfunction (POCD) after noncardiac surgery in elderly patients. Some studies indicated that propofol reduced POCD as compared with
sevoflurane [33, 34]. In contrast, it was reported that
propofol significantly increased the delirium rating scale
on day 2 and 3 after surgery, the time required for emergence from anesthesia as defined by eye opening and the
time to tracheal extubation, as compared with sevoflurane [35]. Recent systematic review reported that it was
uncertain whether maintenance with propofol or with
volatile anesthetics affect incidence of postoperative delirium, mortality, or length hospital stay as certainty of
the evidence was very low [36]. Additionally, the authors
showed low-certainty evidence that maintenance with
propofol may reduce POCD [36]. Thus, there is insufficient evidence to inform the choice of general anesthetic
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agent with respect to the beneficial effect during surgery
in the elderly patients.
It was well known that volatile anesthetics were able
to impair insulin secretion and glucose utilization [37].
Our previous studies using patch clamp experiments
and intravenous glucose tolerance tests in rabbits indicated that isoflurane-induced inhibition of insulin secretion was mediated by the isoflurane-induced opening of
adenosine triphosphate-sensitive potassium (KATP) channels in pancreatic β-cells, while propofol had no effects
on the KATP channels in pancreatic β-cells, consequently
no inhibition of insulin secretion [38, 39]. It is also reported that sevoflurane reduced glucose tolerance compared with propofol [40]. In the present study, we
showed in the elderly patients that low-dose glucose load
was able to be safe during sevoflurane based anesthesia.
These results suggest that low-dose glucose load may be
safe during propofol based anesthesia as well.
There were no significant differences in EE and RQ
data in the current study of elderly patients or our previous study of adult subjects [12]. The low-dose glucose
load may, therefore, not influence EE and RQ, although
these parameters may change in patients undergoing
major surgery.
This study has several limitations. First, data were obtained over a relatively short period, the final timepoint
being the morning of postoperative day 1. Although we
did not investigate the influence of glucose on long-term
outcomes, there were no significant differences in protein catabolism. Second, in present study, the surgeries
were minor surgery, because we want to exclude the influence of surgical stress to see the effect of aging on
lipid metabolism in the present study. There may be significantly difference in prolonged and major surgery.
Further studies to see the differences of low-dose glucose loading on the lipid metabolism and protein catabolism in the prolonged and major surgery are needed.
However, we demonstrated that even in minor surgery
with a little stress, low-dose glucose loading to the elderly patients improved lipid metabolism without developing hyperglycemia. Prolonged and major surgery in
the absence of glucose loading was shown to induce protein catabolism in adults [13]. These results suggest that
in major surgeries and/or prolonged surgeries which induce more remarkable stress, low-dose glucose loading
to the elderly patients may control the increase of FFA
and the ketone bodies and inhibit protein catabolism,
when compared without glucose loading. Third, there
were differences in the types of surgical procedures performed on patients in the two groups. These differences,
however, were regarded as irrelevant because the concentrations of ACTH and cortisol during surgery were
similar in the two groups. Finally, in the present study,
the elderly patients who were not diabetes were subject
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of the study. The effects of low dose glucose infusion on
both glucose and fat metabolism on elderly patients with
diabetes or acute neurologic insults are not clear from
the findings of the present study.

Conclusions
The present study indicates that intraoperative low glucose infusion during remifentanil-induced anesthesia attenuated the catabolism of fat without causing harmful
hyperglycemia in this population of elderly patients.
These data suggest that low-dose glucose loading may
be useful in elderly patients undergoing relatively minor
surgical procedures.
Abbreviations
3-MH: 3-methylhistidine; ACTH: adrenocorticotropic hormone; Cr: creatinine;
EE: energy expenditure; FFA: free fatty acid; HOMA-IR: Homeostasis Model
Assessment Insulin Resistance; RQ: respiratory quotient; V̇O2: oxygen
consumption; V̇CO2: carbon dioxide output

Page 9 of 10

3.
4.
5.

6.

7.

8.

9.

10.
Acknowledgments
Not applicable.
Authors’ contributions
KF collected date, performed the statistical analysis, and write the
manuscript. AK collected date and performed the statistical analysis. NN
designed the study and collected date. YI, RK, YS, NK and YMT collected
date. KT designed the study, helped the statistical analysis and edited the
manuscript. All author read and approved the final manuscript.

11.

12.

13.

Funding
No extaernal funding source was used.
Availability of data and materials
The date and materials are available from the corresponding author upon
reasonable request.

14.

15.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Tokushima
University Hospital. All participating subjects was informed about this study
protocol in details and provided written informed consent before enrollment
in this study.

16.

17.
Consent for publication
Not applicable.
18.
Competing interests
The authors declare that they have no competing interests.
19.
Author details
1
Department of Anesthesiology, Graduate School of Biomedical Sciences,
Tokushima University, 3-18-15 Kuramoto, Tokushima 770-8503, Japan.
2
Department of Anesthesiology and Critical Care, Graduate School of
Biomedical and Health Sciences, Hiroshima University, 1-2-3 Kasumi Minami,
Hiroshima 774-8551, Japan.
Received: 7 March 2019 Accepted: 28 May 2020

20.

21.
22.

References
1. Bower WF, Lee PY, Kong APS, Jiang JY, Underwood MJ, Chan JCN, van
Hasselt CA. Peri-operative hyperglycemia: a consideration for general
surgery? Am J Surg. 2010;199:240–8.
2. Marana E, Scambia G, Colicci S, Maviglia R, Maussier ML, Marana R, Proietti R.
Leptin and perioperative neuroendocrine stress response with two different
anaesthetic techniques. Acta Anaesthesiol Scand. 2008;52:541–6.

23.

Desborough JP. The stress response to trauma and surgery. Br J Anaesth.
2000;85:109–17.
Weissman C. The metabolic response to stress: an overview and update.
Anesthesiology. 1990;73:308–27.
Ouattara A, Lecomte P, Le Manach Y, Landi M, Jacqueminet S, Platonov I,
Bonnet N, Riou B, Coriat P. Poor intraoperative blood glucose control is
associated with a worsened hospital outcome after cardiac surgery in
diabetic patients. Anesthesiology. 2005;103:687–94.
Ascione R, Rogers CA, Rajakaruna C, Angelini GD. Inadequate blood glucose
control is associated with in-hospital mortality and morbidity in diabetic
and nondiabetic patients undergoing cardiac surgery. Circulation. 2008;118:
113–23.
Kotagal M, Symons RG, Hirsch IB, Umpierrez GE, Dellinger EP, Farrokhi ET,
Flum DR, SCOAPCERTAIN Collaborative. Perioperative hyperglycemia and
risk of adverse events among patients with and without diabetes. Ann Surg.
2015;261:97–103.
Demirbilek S, Ganidagli S, Aksoy N, Becerik C, Baysal Z. The effects of
remifentanil and alfentanil-based total intravenous anesthesia (TIVA) on
the endocrine response to abdominal hysterectomy. J Clin Anesth.
2004;16:358–63.
Shinoda T, Murakami W, Takamichi Y, Iizuka H, Tanaka M, Kuwasako Y. Effect
of remifentanil infusion rate on stress response in orthopedic surgery using
a tourniquet application. BMC Anesthesiol. 2013;13:14.
Taniguchi H, Sasaki T, Fujita H, Takano O, Hayashi T, Cho H, Yoshikawa T,
Tsuburaya A. The effect of intraoperative use of high-dose remifentanil on
postoperative insulin resistance and muscle protein catabolism: a
randomized controlled study. Int J Med Sci. 2013;10:1099–107.
Weale NK, Rogers CA, Cooper R, Nolan J, Wolf AR. Effect of remifentanil
infusion rate on stress response to the prebypass phase of paediatric
cardiac surgery. Br J Anaesth. 2004;92:187–94.
Kambe N, Tanaka K, Kakuta N, Kawanishi R, Tsutsumi YM. The influence of
glucose load on metabolism during minor surgery using remifentanilinduced anesthesia. Acta Anaesthesiol Scand. 2014;58:948–54.
Sawada A, Kamada Y, Hayashi H, Ichinose H, Sumita S, Yamakage M. Effect
of intraoperative glucose infusion on catabolism of adipose tissue and
muscle protein in patients anesthetized with remifentanil in combination
with sevoflurane during major surgery: a randomized controlled multicenter
trial. Anesth Analg. 2016;123:869–76.
Speakman JR, Westerterp KR. Associations between energy demands,
physical activity, and body composition in adult humans between 18 and
96 y of age. Am J Clin Nutr. 2010;92:826–34.
Iozzo P, Beck-Nielsen H, Laakso M, Smith U, YKI-Jarvinen H, Ferrannini E.
Independent influence of age on basal insulin secretion in nondiabetic
humans. J Clin Endocrinol Metab 1999; 84: 863–868.
Muzumdar R, Ma X, Atzmon G, Vuguin P, Yang X, Barzilai N. Decrease in
glucose-stimulated insulin secretion with aging is independent of insulin
action. Diabetes. 2004;53:441–6.
De Tata V. Age-related impairment of pancreatic beta-cell function:
pathophysiological and cellular mechanisms. Front Endocrinol (Lausanne).
2014;5:138.
Oya J, Nakagami T, Yamamoto Y, Fukushima S, Takeda M, Endo Y, Uchigata
Y. Effects of age on insulin resistance and secretion in subjects without
diabetes. Intern Med. 2014;53:941–7.
Tsutsumi R, Kakuta N, Kadota T, Oyama T, Kume K, Hamaguchi E, Niki N,
Tanaka K, Tsutsumi YM. Effects of oral carbohydrate with amino acid
solution on the metabolic status of patients in the preoperative period: a
randomized, prospective clinical trial. J Anesth. 2016;30:842–9.
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner DC.
Homeostasis model assessment: insulin resistance and fl-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia.
1985;28:412–9.
Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling.
Diabetes Care. 2004;27:1487–95.
Esteghamati A, Ashraf H, Esteghamati AR, Meysamie A, Khalilzadeh O,
Nakhjavani M, Abbasi M. Optimal threshold of homeostasis model
assessment for insulin resistance in an Iranian population: the implication of
metabolic syndrome to detect insulin resistance. Diabetes Res Clin Pract.
2009;84:279–87.
Baek JH, Kim H, Kim KY, Jung J. Insulin resistance and the risk of diabetes
and dysglycemia in korean general adult population. Diabetes Metab J.
2018;42:296–307.

Fukuta et al. BMC Anesthesiology

(2020) 20:143

24. Ascaso JF, Pardo S, Real JT, Lorente RI, Priego A, Carmena R. Diagnosing
insulin resistance by simple quantitative methods in subjects with normal
glucose metabolism. Diabetes Care. 2003;26:3320–5.
25. Reaven EP, Gold G, Reaven GM. Effect of age on glucose-stimulated insulin
release by the β-cell of the rat. J Clin Invest. 1979;64:591–9.
26. Parsons MW, Barber PA, Desmond PM, Baird TA, Darby DG, Byrnes G, Tress
BM, Davis SM. Acute hyperglycemia adversely affects stroke outcome: a
magnetic resonance imaging and spectroscopy study. Ann Neurol. 2002;52:
20–8.
27. Soriguer F, Colomo N, Valdes S, Goday A, Rubio-Martin E, Esteva I, Castano
L, Ruiz de Adana MS, Morcillo S, Calle A, Garcia-Fuentes E, Catala M, Gutie
rrez-Repiso C, Delgado E, Gomis R, Ortega E, Rojo-Martinez G. Modifications
of the homeostasis model assessment of insulin resistance index with age.
Acta Diabetol 2014; 51: 917–925.
28. Basu R, Breda E, Oberg AL, Powell CC, Dalla Man C, Basu A, Vittone JL, Klee GG,
Arora P, Jensen MD, Toffolo G, Cobelli C, Rizza RA. Mechanisms of the ageassociated deterioration in glucose tolerance: contribution of alterationsin
insulin secretion, action, and clearance. Diabetes. 2003;52:1738–48.
29. Szoke M, Shrayyef MZ, Messing S, Woerle HJ, van Haeften TW, Meyer C,
Mitrakou A, Pimenta W, Gerich JE. Effect of aging on glucose homeostasis.
Diabetes Care. 2008;31:539–43.
30. Argyriou G, Vrettou CS, Filippatos G, Sainis G, Nanas S, Routsi C.
Comparative evaluation of acute physiology and chronic health evaluation
II and sequential organ failure assessment scoring systems in patients
admitted to the cardiac intensive care unit. J Crit Care. 2015;30:752–7.
31. Gupta S, Mishra M. Acute physiology and chronic health evaluation II score
of ≥15: a risk factor for sepsis-induced critical illness polyneuropathy. Neurol
India. 2016;64:640–5.
32. Joe BH, Jo U, Kim HS, Park CB, Hwang HJ, Sohn IS, Jin ES, Cho JM, Park JH,
Kim CJ. APACHE II score, rather than cardiac function, may predict poor
prognosis in patients with stress-induced cardiomyopathy. J Korean Med
Sci. 2012;27:52–7.
33. Zhang Y, Shan GJ, Zhang YX, Cao SJ, Zhu SN, Li HJ, Ma D, Wang DX.
Propofol compared with sevoflurane general anesthesia is associated with
decreased delayed neurocognitive recovery in older adults. Br J Anaesth.
2018;121:595–604.
34. Qiao Y, Feng H, Zhao T, Yan H, Zhang H, Zhao X. Postoperative cognitive
dysfunction after inhalational anesthesia in elderly patients undergoing
major surgery: the influence of anesthetic technique, cerebral injury and
systemic inflammation. BMC Anestheiol. 2015;15:154.
35. Nishikawa K, Nakayama M, Omote K, Namiki A. Recovery characteristics and
post-operative delirium after long-duration laparoscope-assisted surgery in
elderly patients: propofol-based vs. sevoflurane-based anesthesia. Acta
Anaesthesiol Scand. 2004;48:162–8.
36. Millere D, Lewis SR, Pritchard MW, Schofield-Robinson OJ, Shelton CL,
Alderson P, Smith AF. Intravenous versus inhalational maintenance of
anaesthesia for postoperative cognitive outcomes in elderly people
undergoing non-cardiac surgery. Cochrane Database Syst Rev. 2018;8:
CD012317.
37. Diltoer M, Camu F. Glucose homeostasis and insulin secretion during
isoflurane anesthesia in humans. Anesthesiology. 1988;68:880–6.
38. Tanaka K, Kawano T, Tomino T, Kawano H, Okada T, Oshita S, Takahashi A,
Nakaya Y. Mechanisms of impaired glucose tolerance and insulin secretion
during isoflurane anesthesia. Anesthesiology. 2009;111:1044–51.
39. Tanaka K, Kawano T, Tsutsumi YM, Kinoshita M, Kakuta N, Hirose K, Kimura
M, Oshita S. Differential effects of propofol and isoflurane on glucose
utilization and insulin secretion. Life Sci. 2011;88:96–103.
40. Kitamura T, Ogawa M, Kawamura G, Sato K, Yamada Y. The effects of
Sevoflurane and Propofol on glucose metabolism under aerobic conditions
in fed rats. Anesth Analg. 2009;109:1479–85.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

