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Abstract
Objective: We investigated the effect of the intraoperative use of a high dose remifentanil on
insulin resistance and muscle protein catabolism.
Design: Randomized controlled study.
Patients and Intervention: Thirty-seven patients undergoing elective gastrectomy were randomly assigned to 2 groups that received remifentanil at infusion rates of 0.1 μg·kg-1·min-1 (Group
L) and 0.5 μg·kg-1·min-1 (Group H).
Main outcome measures: Primary efficacy parameters were changes in homeostasis model
assessment as an index of insulin resistance (HOMA-IR) and 3-methylhistidine/creatinine
(3-MH/Cr). HOMA-IR was used to evaluate insulin resistance, and 3-MH/Cr was used to evaluate
the progress of muscle protein catabolism. Intraoperative stress hormones, insulin, and blood
glucose were assessed as secondary endpoints.
Results: Eighteen patients in Group L and 19 in Group H were examined. HOMA-IR values varied
within normal limits in both groups during surgery, exceeding normal limits at 12 h after surgery
and being significantly elevated in Group L. There were no significant differences in the 3-MH/Cr
values between the 2 groups at any time point. The stress hormones (adrenocorticotropic
hormone, cortisol, and adrenaline) were significantly elevated in Group L at 60 min after the start
of surgery and at the initiation of skin closure. There were no significant differences in insulin
values, but blood glucose was significantly elevated in Group L at 60 min after the start of surgery
and at the start of skin closure.
Conclusion: Use of high-dose remifentanil as intraoperative analgesia during elective gastrectomy
reduced postoperative insulin resistance, although it did not reduce postoperative muscle protein
catabolism.
Key words: remifentanil, insulin resistance, muscle protein catabolism.

Introduction
In recent years, perioperative management
methods for enhancing recovery after surgery and

improving patient prognosis have been suggested on
the basis of evidence from many studies [1]. Such
http://www.medsci.org
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management methods are known as “enhanced recovery after surgery programs.” In the programs,
measures taken throughout the perioperative period
to reduce postoperative insulin resistance are believed
to have effects on the enhanced recovery after surgery
[2, 3]. Although there are a number of indices that
influence the capacity for postoperative recovery,
poor intraoperative glucose control is a risk factor for
the incidence of serious postoperative complications
[4] and affects mortality [5]. Insulin resistance has
been reported to exert a negative effect on postoperative patient outcomes under conditions associated
with prolonged hospitalization [6] and postoperative
wound infection [7]. Poor intraoperative blood glucose control likely results in stress-induced hyperglycemia due to surgical invasion, complicated with
protein catabolism in vivo. As previous studies indicates, remifentanil-focused anaesthetic management
improves blood glucose control by suppressing intraoperative stress hormone secretion and preventing
hyperglycemia [8-10]. There have been no investigations, however, on the effect of remifentanil dosage on
postoperative insulin resistance and muscle protein
catabolism.
In this study, we investigated the hypothesis that
intraoperative use of high-dose remifentanil may reduce perioperative insulin resistance and muscle
protein catabolism by suppressing the stress-induced
neuroendocrine response.

Methods
1. Ethics
Ethical approval for this study (Trial No. 26) was
provided by the Institutional Review Board of Kanagawa Cancer Center, Japan on September 24, 2010,
and the study was carried out in accordance with the
2004 Helsinki Declaration

2. Subjects
Subjects were patients scheduled to undergo
laparotomic or laparoscopic elective gastrectomy (total gastrectomy or distal gastrectomy). They met all
the following eligibility criteria. The criteria were as
follows: Age ≥45 and <75 years, American Society of
Anesthesiologists physical status (ASA-PS) grade I or
II with body mass index under 35 Kg·m-2 , and written
informed consent obtained prior to enrollment. Exclusion criteria were as follows: advanced cancer-related muscle protein catabolism prior to surgery
[11], steroid administration, hemoglobin A1c >6.5% ,
intraoperative blood loss more than 500 mL, and insulin or glucose administrated intraoperatively.
Total number of subject enrollment was set to be
46, of which 23 subjects were for the low-dose 0.25
μg·kg-1·min-1 remifentanil anaesthesia group (Group
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L) and 23 subjects were for the high-dose 0.5
μg·kg-1·min-1 remifentanil anaesthesia group (Group
H). As this study was an exploratory investigation,
and because there is not the study that investigated
relationship between the endpoint and remifentanil
consumption in the past, the target sample size was
based on the assumption that “blood glucose levels
can constitute an endpoint, indirectly expressing
comparable levels of analgesia.” Since blood glucose
data from previous studies presented blood glucose
levels of 118 mg·dL-1 for patients receiving 0.25
μg·kg-1·min-1 remifentanil and 92 mg·dL-1 for those
receiving 1.0 μg·kg-1·min-1[10], average blood glucose
levels in this study were set at 120 mg·dL-1 for Group
L and 100 mg·dL-1 for Group H. With standard deviations of 20 mg·dL-1 for both groups, a 2-sided significance level of 0.05, and 90% power, it was estimated
that the sample size required for a t-test was to be 44
(22 patients per group), and enrollment was therefore
set at 46 patients (23 patients per group) to allow for
cases of dropouts and withdrawals [12].

3. Experimental procedure
This study was designed as a randomized controlled trial. Subjects were registered using a patient
allocation table by block randomization and allocated
to either Group L or Group H.
The same preoperative management was given
to the patients of both L and H groups [13]. Patients
fasted after taking an evening meal at 18:00 the night
before surgery and were allowed to drink an oral rehydration solution (ORS) up to 2 h before entering the
operating room. ORS contains 2.5% carbohydrate and
50 mmol·L-1 sodium ions. Preoperative body fluid
management with ORS is known as preoperative oral
rehydration therapy (ORT) and is widely practiced in
Japan instead of infusion therapy [14,15]. In our hospital, patients are asked to drink 1500 mL of ORS
packaged in 500-mL plastic bottles (OS-1, Otsuka
Pharmaceutical Factory, Inc., Tokushima, Japan) for
preoperative fluid and electrolyte replacement.
After a patient entered the operating room, a 20G
intravenous line was secured in the patient’s left
forearm and a glucose-free infusion of bicarbonated
Ringer’s solution was administered intravenously. An
epidural catheter was then placed between the Th
7–11 vertebrae, and a test injection of 2.0 mL of 1%
mepivacaine was administered.
After the induction of general anaesthesia by the
intravenous administration of 0.5 μg·kg-1·min-1 remifentanil, 1 mg·kg-1 propofol, and 0.5–1.5 mg·kg-1
rocuronium, tracheal intubation was performed.
When intubation was difficult and several attempts
were required, it was so described in the patient report form. An arterial pressure line was placed in the
http://www.medsci.org
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radial artery of the left arm after induction of general
anaesthesia.
Except for maintenance rate of remifentanil infusion, general anaesthesia was maintained similarly
in the both groups. Epidural analgesia and intravenous fluids containing glucose were not used during
surgery. Additional rocuronium was administered as
a muscle relaxant to control adductor pollicis contraction to ≤10%. Propofol at around 2 μg·mL-1 or 4
mg·kg-1·h-1 was administered by target-controlled
infusion (TCI) as a sedative. The dose of propofol was
adjusted using a bispectral index (BIS) monitor (Nihon Kohden Corporation, Tokyo, Japan) with an index BIS value of 45–60. The dose of remifentanil after
tracheal intubation was not predetermined, but was
fixed 3 min before the operation started at 0.1
μg·kg-1·min-1 for Group L and 0.5 μg·kg-1·min-1 for
Group H. Hemodynamic depression was treated by
the administration of 8 mg ephedrine or 0.1 mg phenylephrine for decreased SBP, or the administration of
0.5 mg atropine for decreased HR. Stress response
was treated by bolus administration of 1 μg·kg-1 remifentanil. If there was no response to this treatment,
noradrenaline or β-blocker was used.
Remifentanil infusion was terminated after the
completion of blood sampling at the start of skin closure, and continuous epidural analgesia was started
as postoperative analgesia after intravenous administration of fentanyl 100 μg and flurbiprofen 50 mg,
irrespective of body weight, in both groups. Continuous epidural analgesia was initiated with a bolus
dose of 3 mL of 0.2% ropivacaine, followed by continuous administration (4 mL·h-1) of a mixture of 0.2%
ropivacaine (280 mL) and 1,000 μg fentanyl via a disposable pump (Coopdeck Balloonjector, 300 mL,
Daiken Medical Co., Ltd., Tokyo, Japan).
After the tracheal tube was removed, continuous
administration of a maintenance infusion containing
7.5% glucose was performed at a rate of 60 mL·h-1 for
12 h following surgery. In addition, pain control was
performed by bolus administration of epidural anaesthesia or non-steroidal anti-inflammatory drug
(NSAID) suppositories as required.

4. Endpoints
The primary endpoint of this study was the assessment of insulin resistance and muscle protein catabolism at 12 h after surgery. Insulin resistance was
assessed by homeostasis model assessment as an index of insulin resistance (HOMA-IR), calculated by
the equation “[fasting insulin (μU·mL-1) × fasting
blood glucose (mg·dL-1)/405].” Its standard value for
the Japanese population is <1.6, and values of ≥2.5
indicate insulin resistance [16]. We also obtained
HOMA-β (%), calculated by the equation “fasting
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insulin (μU·mL-1) × 360/[fasting blood glucose
(mg·dL-1) – 63]” to assess the secretory function of
pancreatic β-cells. This was calculated because it was
necessary to know whether abnormal values for
HOMA-IR and HOMA-β were due to insulin resistance or pancreatic β-cell dysfunction. HOMA-β is
expressed as a percentage (the constants are set as
such that its value is 100% when β-cells are functioning at maximum ) [17]. However, no standard value
for the Japanese population has been established [17].
Muscle protein catabolism was assessed in terms of
changes in blood 3-methylhistidine/creatinine
(3-MH/Cr) [18] and transthyretin (TTR), a rapid
turnover protein. Intraoperative stress hormones
(adrenocorticotropic hormone, ACTH; cortisol;
adrenaline, Ad; noradrenaline, NAd; and dopamine,
DOA), insulin, and blood glucose were assessed as
secondary endpoints.
HOMA-IR and 3-MH/Cr were measured before
anaesthesia induction, 60 min after the start of surgery, at the start of skin closure, and 12 h after the end
of surgery. TTR was measured before anaesthesia
induction, 12 h after the end of surgery, and 7 days
after surgery. Stress hormones, insulin, and blood
glucose were measured before anaesthesia induction,
60 min after the start of surgery, and at the start of
skin closure.

5. Statistical analysis
Values were expressed as mean ± standard deviation. Groups were compared using χ2 test for
nominal scales, Wilcoxon paired rank sum test for
ordinal scales, repeated-measures analysis of variance
(ANOVA), and unpaired Student’s t-test for continuous scales, with p < 0.05 regarded as significant.
Changes from the baseline (pre surgery) values
were different between the groups by using the unpaired Student’s t-test. Mean value was higher than at
baseline (pre surgery) within the same group by using
the repeated-measures of ANOVA, and subsequently,
multiple comparisons were performed using the
Tukey-Kramer HSD test. The statistical analysis software used was JMP©8.0.1 (SAS Institute, Tokyo, Japan）.

Results
A total of 46 patients were enrolled, 23 in each
group. Of these, the study could be completed as
planned by 18 patients (78%) in Group L and 19 (83%)
in Group H (Figure 1).
Patient characteristics and intraoperative variables are given in Table 1. There were no significant
differences between the 2 groups in gender, age,
height, body weight, ASA-PS, type of surgery, operation time, anaesthesia time, fluid volume, or blood
http://www.medsci.org
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loss. Intraoperative urine volume, however, was
higher in Group H. Intraoperative drug consumption
of remifentanil, propofol, and rocuronium was calculated by dividing total consumption by administration times and body weight. Remifentanil consumption was higher in Group H, whereas propofol and
rocuronium were used to a greater extent in Group L.
Figure 2 shows the HOMA-IR and HOMA-β measurements. HOMA-IR varied within normal limits before induction of anaesthesia, 60 min after the start of
surgery, and at the start of skin closure, with no significant differences between the 2 groups. However,
at 12 h after the end of surgery, mean values exceeded
the standard range (<1.6) in both groups and
HOMA-IR value was significantly higher in the
Group L than in the Group H. HOMA-β values at 60
min after the start of surgery and skin closure were
significantly lower in Group L than in the Group H,
but significant difference was not noted. It was significantly lower at skin closure compared to baseline
value in the Group L. Figure 3 shows 3-MH/Cr and
TTR measurements. There were no significant differences in 3-MH/Cr and TTR measurements between
the 2 groups at any time point. In both groups, alt-
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hough TTR level was within normal limits (22–44
mg·dL-1) before anaesthesia induction, it decreased
below the standard value at 12 h after the end of surgery and at 7 days after surgery.
Figure 4 shows stress hormone measurements.
The stress hormones ACTH, cortisol, and Ad were
significantly elevated in Group L at 60 min after the
start of surgery and at the start of skin closure.
Figure 5 shows insulin and blood glucose measurements. There were no significant differences in
insulin values between the 2 groups during surgery,
but blood glucose was significantly elevated in Group
L at 60 min after the start of surgery and at the start of
skin closure.
The frequency of management for intraoperative
hemodynamic depression and stress responses is indicated in Figure 6. Vasopressors were used to treat
hemodynamic depression more often in Group H,
although this difference was not significant, and
treatment for stress response due to surgical invasion
was significantly frequent in Group L.
Patients were not given any medication or fluids
in the recovery room other than those scheduled.

Table 1. Patient characteristics and intraoperative variables.

Urine volume was significantly higher in Group H than Group L. Drug consumption of propofol and rocuronium was significantly higher in Group L than
Group H.

http://www.medsci.org
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Fig 1. Flow diagram (progress steps of the trial: selection and randomization of elective gastrectomy patients to receive low- or high-dose
remifentanil anaesthesia).

Fig 2. Changes in homeostasis model assessment as an index of insulin resistance (HOMA-IR) and homeostatic model assessment β-cell
function (HOMA-β). Data are expressed as the mean ± standard deviation. Changes from the baseline (pre surgery) values were different
(*p < 0.05, **p < 0.01) between the groups. Mean value was higher (#p < 0.05, ##p < 0.01) than at baseline (pre surgery) within the same
group. Standard values: HOMA-IR, >2.5; HOMA-β, 40–60%.
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Fig 3. Changes in 3-methylhistidine/creatinine (3-MH/Cr) and transthyretin (TTR). Data are expressed as the mean ± standard deviation.
Changes from the baseline (pre surgery) values were different (*p < 0.05, **p < 0.01) between the groups. Mean value was higher (#p <
0.05, ##p < 0.01) than at baseline (pre surgery) within the group. Standard values: 3-MH/Cr, 0.13–0.53; TTR, 22–44 mg·dL-1.

Discussion
In this study, we investigated the effect of the
intraoperative use of remifentanil at infusion rates of
0.1 μg·kg-1·min-1 (Group L) and 0.5 μg·kg-1·min-1
(Group H) on postoperative insulin resistance and
muscle protein catabolism in patients undergoing
elective gastrectomy. In addition, in this study, the
patients did not consume carbohydrate fluids before
surgery [1, 3], and we did not start epidural analgesia
[1, 2,19] or administer glucose-containing fluids [20]
during surgery. This was in order to assess the effect
of different rates of remifentanil infusion alone on
insulin resistance and muscle protein catabolism. In
the study, we found that secretion of stress hormones
during surgery was suppressed in Group H, and
postoperative insulin resistance decreased at 12 h after the end of surgery. However, there was no significant difference between the 2 groups in the level of
muscle protein catabolism. Secretion of stress hormones and blood glucose elevation were probably
suppressed during surgery in Group H as a result of
the use of high-dose remifentanil, as shown in previous studies [8-10]. Another finding was that urine
volume was higher in Group H despite the absence of
any difference between the 2 groups in fluid volume,
which was consistent with the study of Myles et al
[21].
HOMA-IR was significantly elevated in Group L
at 12 h after the end of surgery. Generally, a highly
reliable method such as the glucose clamp test, steady

state plasma glucose technique, or minimal model
method is chosen for assessing insulin resistance. In
this study, however, we chose to use HOMA-IR for
the following reasons: involvement of a large number
of subjects, necessity to perform assessments with
complicated postoperative procedures, and fact that
HOMA-IR is recognized as highly reliable in patients
with blood glucose ≤140 mg·dL-1[22]. HOMA-β was
lower in Group L at 60 min after the start of surgery
and at the start of skin closure, although significant
difference was not recognized because of large values
of standard deviation. These findings suggest that in
Group L, the decline in insulin secretion by pancreatic
β-cells was maintained during surgery and also suggest that although secretory function recovered after
surgery, the response to insulin receptors in cells was
poor. This was probably why there was no attenuation of postoperative insulin resistance in Group L.
Since HOMA-IR is calculated from the amount of insulin excretion and the level of blood glucose, changes
in HOMA-IR are not likely to occur during inoperative periods or at the time of unusual conditions when
glucose is not loaded, whereas changes are very likely
to occur in postoperative periods when glucose is
loaded. In this study, no difference was noted in
HOMA-IR values between the groups during and at
the end of surgery, although significant difference
was noted 12 hr later.
We also used blood 3-methylhistidine/creatinine
(3-MH/Cr), rather than urine methylhistidine, as an
index of muscle protein catabolism. This is because

http://www.medsci.org
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metabolic assessment of 3-MH/Cr is possible with
blood in a shorter time than with urine [18]. We
measured such 3-MH/Cr to assess muscle protein
catabolism due to surgical invasion. We initially expected that the use of high-dose remifentanil would
give rise to differences in stress-induced muscle protein catabolism. However, for all patients, values
varied within normal limits (0.13–0.53 nmol·μg-1 Cr),
although the values were close to the upper limit, and
there was no significant difference between the 2
groups. 3-MH/Cr may have remained within normal
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limits in Group L due to the effect of the lipids in
propofol which was used as a sedative. Propofol
contains an amount of lipid equivalent to a 10% fat
preparation. A large dose of propofol is required to
guarantee a consistent level of sedation through its
interaction with remifentanil, and as a result propofol
consumption was significantly larger in Group L
compared with that in Group H. It is therefore very
likely that because Group L received a larger dose of
fat than did Group H, muscle protein catabolism decreased and there was no rise in 3-MH/Cr.

Fig 4. Changes in adrenocorticotropic hormone (ACTH), cortisol, adrenaline (Ad), and noradrenaline (NAd). Data are expressed as the
mean ± standard deviation. Changes from the baseline (pre surgery) values were different (*p < 0.05, **p < 0.01) between the groups.
Mean value was higher (#p < 0.05, ##p < 0.01) than at baseline (pre surgery) within the group. Standard values: ACTH, 7.2–63.3 pg·mL-1;
cortisol, 4.5–21.1 pg·mL-1; Ad <100 pg·mL-1; NAd, 140–450 pg·mL-1.
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Fig 5. Changes in insulin and glucose. Data are expressed as the mean ± standard deviation. Changes from the baseline (pre surgery)
values were different (*p < 0.05, **p < 0.01) between the groups. Mean value was higher (#p < 0.05, ##p < 0.01) than at baseline (pre
surgery) within the group. Standard values: insulin, 2.2–12.4 pg·mL-1; glucose, 70–109 mg·dL-1.

Fig 6. Number of patients administrated a bolus dose of vasopressor or remifentanil (1μg/kg). Data are expressed as the number of
patients (PTs). Number of patients with drug administration was different (*p < 0.05, **p < 0.01) between the groups (calculated using χ2
test).

The results of this study have shown that strong
intraoperative analgesics may suppress the increase of
stress hormone and blood glucose level during surgery, and thus affecting insulin resistance after surgery. Our findings in this study suggest that concomitant use of 0.5 μg·kg-1·min-1 remifentanil as an intraoperative analgesic with the aim of improving insulin resistance may offer new possibilities for enhanced recovery after surgery.

Regarding the patient enrollment, this study included patients undergoing both open surgery and
laparoscopic surgery, which differ in the degree of
surgical invasiveness. In the study, stratified randomization was performed for each type of surgery,
and there was no bias among patients registered in
the 2 groups. We compared data for patients who
underwent open surgery and laparoscopic surgery
within each group and found no significant difference
in variables.
http://www.medsci.org
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This study had several limitations. There were a
number of dropout cases (due to operative blood loss,
type of surgical procedure applied, etc.) and a
planned sample size (22 patients per group) was not
investigated in this study. We did not investigate the
endpoints, which were used to assess recovery after
surgery in other studies, such as length of hospital
stay and occurrence of postoperative complications
[23], so that we were unable to conclude whether the
use of high-dose remifentanil may enhance recovery
after surgery. Several previous studies, however, have
reported that reducing postoperative insulin resistance enhances recovery after surgery [1-3, 24]. We
used HOMA-IR to assess insulin resistance. Because
the results of this study showed a tendency to reduce
insulin resistance in postoperative patients, it will be
necessary to confirm these results with greater accuracy by limiting studies to small numbers of patients
and using a method such as the glucose clamp test.
The results of this study support the hypothesis
that the intraoperative use of high-dose remifentanil
may reduce postoperative insulin resistance patients
undergoing elective gastrectomy. However, the hypothesis that it may reduce postoperative protein catabolism was not established.
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