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Decreased glucose 
utilization during 
prolonged anaesthesia 
and surgery 

We studied the influence of  prolonged anaesthesia and surgery 

on glucose metabolism by means of the euglycaemic insulin 

clamp method in eight patients who underwent prolonged 

surgery. Eleven patients who underwent surgery of short 

duration served as a control group. Plasma concentrations of 

catabolic hormones were measured simultaneously. Glucose 

utilization during prolonged anaesthesia, (PA) group, was lower 

than that in the control group (P < 0.01) (glucose utilization 

7.59 +-- 0.73 mg.kg - I .hr  -I in the control group vs 4.03 • 

0.71 mg'kg -t "hr -t  in PA group respectively). There were no 

significant differences in plasma catecholamine and glucagon 

concentrations between the PA and control groups. Plasma-free 

fatty acid levels increased significantly in the PA group before 

the euglycaemic insulin clamp (free fatty acid level: 0.496 • 

0.053 mmol'L -t  in the control group, vs0.834 +- 0.103 mmol.L -t 

in the PA group at the pre-clamp period, P < 0.01). Tissue 
resistance to exogenous insulin increased during prolonged 

anaesthesia and surgery although there were no significant 

changes in plasma catabolic hormone levels. 

On a dtudid I' influence de I' anesthdsie prolongde et la chirurgie 

sur le mrtabolisme du glucose en utilisant le test ,~ Euglycaemic 

insulin clamp method >~ chez huit patients devant subir une 

chirurgie prolongde. Onze patients devant subir une chirurgie de 

courte durde ont servi comme groupe contr6le. Les concentra- 

tions plasmatiques des hormones de catabolisme ont dtd mesu- 

rdes simultandment. L' utilisation du glucose durant I'anesthdsie 

prolongde (PAL dans le groupe PA, dtait plus basse que celle du 
groupe contrrle (P < 0.01) (r utilisation du glucose 7,59 • O, 73 

rag. kg - t . h re  -I pour le groupe contr6le versus 4,03 +- 0,71 

m g . k g - l . h r e  -I dans le groupe PAL I1 n'y avait aucune 
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difference significative dans les cat~cholamines plasmatiques et 

les contractions de glucagon entre le groupe PA et le groupe 

contrrle. Le taux d'acide gras plasmatique libre a augmentd 

significativement dans le groupe PA avant le test de ~ Eu- 

glycaemic insulin clamp ~> (tau.x d'acide gras libre: 0,496 +- 

0,053 retool. L-  I pour le groupe contrrle versus 0,834 +-- O. 103 

mmol. L -I dans le groupe PA pour la pdriode pr~-clampage, 

P < 0,01). La r~sistance tissulaire ~ rinsuline exog~ne a 

augmentd durant l'anesthdsie prolongde et la chirurgie m#me 

s'il n'y avait aucun changement significatif dans le niveau des 

hormones de catabolisme. 

Glucose metabolism is dislurbed during anaesthesia and 
surgery. ~.2 The duration of surgery is an important factor 
for morbidity and mortality in critical patients) However, 
there are no available reports describing the influence of 
the duration of anaesthesia and surgery on glucose 
metabolism. 

The euglycaemic insulin clamp method is a method 
using a maximally effective dose of insulin to determine 
tissue insulin resistance. 4 This study aimed to evaluate the 
effect of prolonged anaesthesia and surgery on glucose 
metabolism using this method in minor surgical proce- 
dures. Changes in plasma catabolic hormone levels were 
also determined. 

Methods 
Approval for the study was given by the Ethics Committee 
and informed consent was obtained from all subjects. 
Eight patients who underwent prolonged anaesthesia (PA) 
were the subjects of the study (Table 1). Eleven patients 
who underwent short surgical procedures were chosen as 
controls. Surgical procedures included plastic and ortho- 
paedic in the control group and the same together with 
vessel anastomosis in the PA group. Preoperative labora- 
tory tests failed to show any dysfunction in the liver, 
kidney, and endocrine systems. 

All patients fasted for eight hours and received 10 mg 
diazepam PO 1.5 hr before anaesthesia. Anaesthesia was 
induced with thiopentone 4 mg. kg-t and succinylcholine 
1 mg.kg -I IV. Anaesthesia was maintained with enflu- 
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TABLEI Palientcharacteristics 

Control Prolonged anaesthesia 

Number of palients I I 8 
Sex - Female 4 3 

- Male 7 5 
Age (yrs) 34.4 +- 4.8 39.6 • 8.2 
Weighl (kg) 57. I • 3.2 56.9 -+- 3.8 
Duration of anaesthesia (h) 3.2 • 0.2 13.0 • 1.0" 

All values are mean --- SEM. 
*P < 0.01. 
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rane (1.5 MAC) in nitrous oxide (50 per cent) and oxygen 
(50 per cent). The lungs were ventilated and end-tidal 
CO2 was maintained in the normal range. Pancuronium 
was given for muscle relaxation. Lactated Ringer's 
solution was infused at a rate of 6 ml .kg-  ~. hr -~. No 
glucose was administered until the start of the clamp test. 
Blood loss during the euglycaemic clamp ranged from 15 
to 100 ml which was replaced with three times the volume 
of lactated Ringer's solution. 

Electrocardiogram, end-tidal CO2 and inspiratory 
oxygen concentrations were monitored using Multi-Super 
2F21A and Respina (Nihonkoden-Sanei Co) throughout 
the procedure. Direct arterial and central venous pressures 
were also measured through catheters placed in the left 
radial artery and right internal jugular vein in the PA 
group. An 18-gauge indwelling catheter was inserted in 
the saphenous or cephalic vein for two-minute interval 
glucose measurements. Blood glucose concentration was 
determined automatically by the glucose oxidaze method 
with Glucose Monitor GM-1320 ( Kyoto Daiichi Kagaku). 
Urine volume, and urinary ketone body and glucose con- 
centrations were measured during the procedure. 

The euglycaemic insulin clamp test was performed at 
the start of surgery in the control group and at seven hours 
after the start of surgery in the PA group. In the 
euglycaemic insulin clamp technique, plasma insulin 
concentration is increased acutely and maintained above 
200 0,U'ml -~ by a bolus and continuous infusion of 
insulin. The blood glucose concentration is maintained at 
the basal levels by an infusion of glucose. Under these 
conditions of euglycaemia and high plasma insulin con- 
centration, the glucose infusion rate equals the glucose 
uptake by all body tissues. The rate of glucose infusion 
during the 80 to 120 min from the start of the insulin and 
glucose infusion was adopted as the glucose utilization 
and this glucose utilization became a measure of tissue 
sensitivity to exogenous insulin. 

A priming dose of regular insulin was given IV over ten 
seconds to increase the insulin concentration rapidly 
above 200 F,U" ml- ~ at the beginning of the clamp. The 
priming dose was calculated as: insulin bolus (mU) = 

FIGURE Changes in blood glucose concentration and glucose 
utilizalion during euglyeaemic clamp. 

distribution volume (100 ml" kg -I • body weight, kg) • 
desired increment in plasma insulin (~U.ml-I)/1000. 
Constant intravenous infusion of insulin followed at a rate 
of 5 m U ' k g - t ' m i n  -I Insulin (Actrapid, Novo) was 
dissolved in 0.9 per cent sodium chloride as a 2 
U.ml -I solution. In 50 kg patients 32.5 U insulin was 
administered using these methods. It was ensured that 
plasma insulin concentration was high enough for the 
clamp test after the procedure. 

Automatic monitoring of blood glucose concentrations 
at two-minute intervals was achieved from ten minutes 
before the start of the euglycaemic insulin clamp. Glucose 
was administered as a 50 per cent solution with a syringe 
pump. Adjustments of the glucose infusion rate were 
made manually according to the change in blood glucose 
concentration. Average glucose infusion doses were 46.5 
--- 3.3 g in control group and 26.2 +-- 2.5 g in PA group. 
Potassium chloride was infused at a rate of 5 mEq. hr- t to 
prevent hypokalaemia. 

Six blood samples were obtained from each subject as 
follows: before induction of anaesthesia, before clamp, 
30, 60, 90 and 120 min after the clamp. The six ml of 
venous blood were separated within 15 min with a 
refrigerated centrifuge and stored at - 7 0 '  C until mea- 
surement. Plasma catecholamine concentrations were 
measured by gas chromatography. 5 Plasma insulin and 
glucagon concentrations were determined by radioim- 
munoassay. 6'7 Plasma-free fatty acid was determined by 
the enzymatic method. 

All results are presented as mean +- SEM. An unpaired 
Student's t test was used for intergroup comparisons while 
one-way analysis of variance was used to compare the 
values within a group. Probability values less than 0.05 
were considered to be significant. 
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Pre-anaesth Pre .c lamp Clamp - 30 rain Clamp - 60 min Clamp - 90 min Clamp - 120 rain 

Epinephrine Control 6 4 . 0 -  + - 12.0 53.9--+8.2 76.6---20.3 47.5-+4.4 70.3---7.0 58.1"--6.8 
(pg.ml -~) Prolonged 82.7"-- 14.0 86.0-+ 16.6 89 .0•  19.3 88.3-+25.1 73.2"-- 18.0 56.7--. 16.7 

Norepinephrine Control 130.6 +-- 22.0 146.5 • 16.4 129.4 -+ 19.9 112.6 +-- 17.6 164.4 -+ 28.0 181.9 +- 31.5 
(pg. ml -~) Prolonged 186.2 • 36.0 188.6 -+ 33. I 209.0 -+ 56.6 271.5 -+ 72.3 258.0 - 79. I 145.3 --. 37.9 

Insulin Control 20.5 • 2.7 16.4 -+ 4.6 626.6 +- 70. I1" 680.4 • 77.2"[" 697.0 - 113.51" 677.4 • 164.4I 
(p,U.ml -~) Prolonged 19.1 - 1.8 10.9-+ 1.9 588.7+222.21" 529.0--- 127.6"1" 608.9--. 191.2I" 457.2•  

Glucagon Control 81.6 -+ 13.7 99.4 • 6.4 74.4 --- 9.0 75.8 -+ 9.9 81.9 - 10.9 86.3 --- 16.2 
(pg.ml -~) Prolonged 111.6-+-24.6 101.6--- 14.5 74.7 + 12.2 7 8 . 0 •  7 4 . 5 -  + 10.8 93.7---0.7 

FFA Control 0.425 -+- 0.052 0,496 • 0.053 0.275 - 0.027* 0.215 -+ 0.021"t" 0,204 -+ 0.013 0.246 • 0.031 
(mmoI.L -~) Prolonged 0.403-+0.048 0.834+-0.1031":I: 0.243"--0,092 0.199• 0,155-+0,030"I" 0.170• 

All values are mean - SEM. 
*P < 0.05 compared with pre-anaesthetic value. 
"['P < 0.01. 
:I:P < 0.01 compared with control group. 

Results 
The changes in blood glucose concentration and the doses 
of glucose administration are shown in the Figure. The 
level of blood glucose was higher in the prolonged 
anaesthesia (PA) group (P < 0.05). The glucose utiliza- 
tion was 4.03 --- 0.71 mg'kg -I 'min -t in the PA group 
and 7.59 --- 0.73 mg. kg-i .  min- ~ in the control group (P 
< 0.01). 

Plasma insulin level was over 200 txU .ml -~ in all 
patients after the start of the clamp test (Table H). No 
significant differences were seen in plasma catecholamine 
and glucagon concentrations between the control and PA 
groups. Plasma-free fatty acid concentration increased 
significantly at the start of the glucose clamp in the PA 
group. However, the free fatty acid level decreased 
promptly after glucose and insulin administration. There 
was no increase in blood lactate level during the proce- 
dures. Neither urinary glucose nor ketone bodies were 
detected during anaesthesia and surgery. 

Discussion 
Glucose intolerance during anaesthesia and surgery is 
induced by such factors as impaired insulin secretion, 
diminished peripheral glucose oxidation, decreased bio- 
logical response of tissues to insulin and increased hepatic 
glucose output, s This study was undertaken to evaluate 
the change in tissue resistance to insulin. Previous 
methods for assessing insulin resistance have depended 
on only one insulin dose or concentration and may 
underestimate or fail to demonstrate the presence of 
insulin resistance. 9 

The euglycaemic insulin clamp test, introduced by 
Defronzo, 4 was utilized to estimate the tissue sensitivity 
to insulin. In this technique, plasma insulin concentration 

is increased acutely and maintained above 200 p,U. ml- i 
by the continuous infusion of insulin. Glucose production 
from the liver is completely suppressed when plasma 
insulin concentration is over 60 p,U" ml -I and the maxi- 
mal glucose utilization occurs at insulin concentrations of 
200-700 IxU �9 ml- 1.9 It takes two hours to accomplish the 
test and we cannot repeat the method during anaesthesia 
due to the long elimination time of insulin. Therefore, we 
compared the value of PA group with that of control 
group. 

There is much controversy how anaesthesia affects 
glucose metabolism. Many anaesthetic agents have no 
influence on blood glucose and plasma insulin concentra- 
tions. Oyama et al .  io reported that enflurane anaesthesia 
for 45 min did not affect the plasma insulin, growth 
hormone and blood glucose concentrations. The insulin 
response to exogenous glucose was inhibited during 
enflurane anaesthesia in the dog. ~= Diminished insulin 
release from pancreatic islets has been demonstrated for 
enflurane. 12 Penicaud et al .  I3 reported that glucose 
utilization of the postural muscles decreased in rats 
anaesthetized with pentobarbitone. 

Mild surgical intervention such as cholecystectomy 
with inhalational anaesthesia is associated with an in- 
crease in circulating catecholamines, hyperglycaemia and 
impaired insulin secretion, lshihara et al.  i4 reported that 
the insulin response to a glucose infusion was decreased 
by 15 percent during surgery. Kuntshen e t a i .  ~5 described 
the decrease of glucose utilization during cardiopulmo- 
nary bypass using the euglycaemic clamp. No change in 
the red blood cell insulin receptor was reported during 
mild surgical stress. 16 

Minor surgical procedure did not affect plasma concen- 
trations of catabolic hormones, t7 In this investigation, we 
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selected patients undergoing only minor surgery to 
observe the effect of the duration of anaesthesia and 
surgery without strong surgical stimulation. There are few 
reports discussing the influence of the duration of anaes- 
thesia and surgery on endocrine function. Tanioka Is 
found no differences in plasma cortisol, glucose and free 
fatty acids levels between two and six hours after the start 
of surgery. However, his patients mainly underwent 
major abdominal surgery. 

Epinephrine stimulates hepatic glucose output, reduces 
glucose utilization and inhibits insulin secretion. 19 In 
addition, it decreases the tissue response to insulin. 8 
However ,  there were no significant changes in plasma 
catecholamine levels in this study even during prolonged 
procedures. It has been reported that enflurane anaesthe- 
sia effectively blocked the sympathetic response to 
surgical stress. 2~ 

Glucagon induces hyperglycaemia and increases plas- 
ma insulin concentration. Glucose utilization is augment- 
ed by the administration of glucagon. Plasma glucagon 
level did not change during anaesthesia and surgery. 
Administration of insulin decreases the plasma glucagon 
level. 2 A gradual decrease in glucagon level during the 
euglycaemic clamp has been reported in awake healthy 
and uraemic subjects. 2~ However, no significant decrease 
of glucagon concentration was found in this study. Other 
factors which stimulate glucagon secretion such as corti- 
sol may be involved. 

The increase in plasma-free fatty acid seemed to be due 
to surgical stress and starvation, because patients in the 
PA group had no caloric intake for about 20 hr until the 
start of the euglycaemic clamp, lntraoperative glucose 
infusion at rates of 12.5 g. hr-~ decreases blood-free fatty 
acid. 22 Free fatty acid competes with glucose uptake 
mainly by skeletal and myocardial muscle. 23 

The reason for resistance to exogenous insulin in 
prolonged anaesthesia and surgery is unclear and further 
investigation is needed. 
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