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Abstract: This experimental study was designed to investigate 
the efficacy of glucose loading during surgery. Rabbits, fasted 
overnight, received 20ml.kg-l.h 1 fluid infusion containing 
glucose at various concentrations (0, 0.5, 1.0, 1.5, 2.0 %w/v) for 
3 h intraoperatively. Plasma glucose level increased after the 
beginning of operation, but the increase was slight in groups 
given 0.2g.kg-l.h -1 or lower doses of glucose. Glucose at 
higher doses caused marked hyperglycemia. These higher 
doses also promoted urinary glucose excretion, and in the 
group given the maximum glucose dose (0.4g.kg-l.h-1), this 
parameter was significantly elevated compared with findings 
in the 0.2g.kg-~-h 1 group (P < 0.05), whereas it showed no 
significant difference among groups given 0-0.2g.kg-Lh-L 
The liver glycogen content in animals that received no glucose 
was significantly lower than that of the 0.2g.kg-l.h -~ group (P 
< 0.01). However, there was no correlation between glycogen 
level and glucose dose among groups receiving glucose. These 
results suggest that intraoperative glucose supplementation is 
effective in preventing glycogen depletion, and indicate that, 
to avoid glucose overloading, the optimal dose is 0.1- 
0.2g.kg 1-h-I. 
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Introduction 

In clinical practice, glucose infusions are commonly 
used to provide energy [1-3], to prevent ketosis and 
hypoglycemia, and to conserve protein. Many patients 
are able to receive glucose as an energy supply substrate 
perioperatively, since the patient is obliged to fast over- 
night or longer before most operations [4]. However, 
there is no universal agreement as to the optimal infu- 

Address correspondence to: H. Kamuro 
Received for publication on September 13, 1995; ac- 
cepted on January 31, 1996 

sion rate and amount  of glucose required for 
intraoperative use. 

With the aim of contributing to the resolution of this 
question, we investigated experimentally the optimal 
glucose dose in intraoperative fluid infusion during a 
surgical procedure carried out in rabbits subjected to 
general anesthesia, 

Materials and methods  

This study was undertaken with male Japanese white 
rabbits weighing between 2.45 and 2.84kg (aged about 3 
months). The animals were fasted overnight before un- 
dergoing general anesthesia for surgical procedures 
lasting 3 h. 

The rabbits were randomly assigned to five groups, of 
eight animals each. They were anesthetized with sodium 
pentobarbital (30mg.kg -1, iv) and anesthesia was main- 
tained with 60% nitrous oxide in oxygen and 0.5% 
sevoflurane under artificial respiration. A polyvinyl 
chloride cannula (qb 1.5ram) was then inserted in the 
femoral artery and laparotomy was performed. The 
small intestine, intestinum cecum, and attached tissues, 
such as the mesenterium, were removed from the abdo- 
men, subjected to stimulation by handling, and exposed 
to room air for 3h. Fluid infusion was performed 
throughout the operation at a constant flow rate of 
20ml.kg-l.h -1 with an intravenous drip injection of 
Ringer's acetate solution without glucose or containing 
0.5, 1.0, 1.5, or 2.0 %w/v of glucose, which concentra- 
tions correspond to 0, 0.1, 0.2, 0.3, and 0.4g.kg-l.h-L 
The composition of the infusions is shown in Table 1. 

Two milliliters of arterial blood was withdrawn from 
the femoral artery into a heparinized syringe immedi- 
ately before the beginning of the infusion, and at the 
middle and end of the infusion. Plasma was obtained 
by centrifugation (3000rpm for 15min) and frozen 
(-20~ until analysis was performed. Immediately 
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Table 1. Composition of infusion 

Ingredient 

(mg" dl -l) 
600 

Electrolytes (mEq.1 -~) 
Na § 140 500 
K + 4 
Mg 2+ 2 

Ca 2+ 3 4 0 0  
CI 115 
Acetate 25 
Gluconate 3 
Citrate 6 300 

Glucose (%w/v) 0, 0.5, 1.0, 1.5, 2.0 

after infusion, a liver specimen was obtained from each 
rabbit for the measurement of glycogen content. A 
cannula was inserted in the bladder to collect all urine 
during infusion, and urinary glucose concentration was 
measured and glucose excretion calculated. 

Plasma and urinary glucose were measured enzymati- 
cally by the glucose-oxidase method, using a commer- 
cially available kit (Glucose B-Test: Wako Pure 
Chemical Co, Tokyo, Japan; CV less than 2.5%). Liver 
glycogen was determined by a previously described 
method [5,6]. Frozen liver samples, or purified glycogen 
(Wako Pure Chemical Co, Tokyo, Japan) as a standard, 
were solubilized with 30% (w/v) K O H  by boiling at 
100~ for 30min. Glycogen was precipitated by the 
addition of 99% ethanol and hydrolyzed by 2N H2SO4 in 
a boiling water bath for 2h. After neutralization was 
carried out with 2N NaOH, the amount of glycogen was 
calculated from the glucose value determined in the 
hydrolyzed glycogen sample, using the method cited 
above. 

All values are expressed as means __+ SD. Statistical 
significance was assessed by performing analysis of vari- 
ance (one-way ANOVA) and multiple comparison 
(Tukey-Kramer) tests between all groups. However, for 
simplicity, significance relative to the 0.2g.kg-l.h -1 
group only was considered. Probability values of less 
than 0.05 were considered significant. 

Results 

Figure 1 shows the time course of changes in plasma 
glucose values. Plasma glucose concentrations rose af- 
ter the beginning of operation and infusion, but the 
increases were slight in the groups given 0.2g.kg-Lh i of 
glucose or less. On the other hand, glucose at more than 
0.2g.kg Lh-l caused marked hyperglycemia, the differ- 
ences being significant compared with the 0.2 g-kg-Lh -~ 
group (P < 0.05 or P < 0.01). 

Figure 2 shows the urinary excretion of glucose. This 
excretion was negligible in groups receiving glucose at 
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Fig. 1. Time course of changes in plasma glucose concentra- 
tions. Open triangles, 0% (0g'kg-l'h -1) group; open squares, 
0.5% (0.1 g.kg<.h -1) group; closed circles, 1.0% 
(0.2g.kg-l.h -~) group; closed triangles, 1.5% (0.3g'kg-~.h -1) 
group; closed squares, 2.0% (0.4g.kg-l.h -1) group. *P < 0.05; 
**P < 0.01, significantly different from 1.0% group 
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Fig. 2. Urinary excretion of glucose during infusion. Open 
bar, 0% (0g.kg 1.h-1) group; shaded bar, 0.5% (0.1 g.kg-l-h -1) 
group; solid bar, 1.0% (0.2g.kg-l.h -1) group; dotted bar, 1.5% 
(0.3g-kg 1.h-l) group; hatched bar, 2.0% (0.4g.kg ~.h -1) 
group. *P < 0.05, significantly different from 1.0% group 

0.2g.kg-~'h -1 or less. However, increased excretion was 
frequently noted in the groups given 0.3 and 
0.4g.kg-~-h -1 of glucose (217.7 _+ 246.9 and 400.5 __ 
439.6mg, respectively), the value in the latter group 
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Fig. 3. Glycogen content in liver immediately after infusion. 
Open bar, 0% (0g.kg-l.h 1) group; shaded bar, 0.5% 
(0.1 g-kg-~.h -1) group; solid bar, 1.0% (0.2g.kg-~.h -I) group; 
dotted bar, 1.5% (0.3g-kg<-h <) group; hatched bar, 2.0% 
(0.4g-kg<'h -t) group. **P < 0.01, significantly different from 
1.0% group 

being significantly different from that for the 
0.2g-kg-l.h -~ group (P < 0.05). Glucose excretion ratios 
(percentage of administered dose) in the groups that 
received 0.1-0.4g-kg-~.h -1 of glucose were 2.8 + 4.9, 0.9 
-+ 1.6, 9.2 + 10.5, and 12.8 + 14.3%, respectively. 

Figure 3 shows glycogen content in the liver. It 
was low compared to the amount of glycogen in the 
liver of fed rabbits (about 40mg-g ~ or more; data not 
shown), for which the most likely explanation is the 
overnight fasting. The glycogen content of animals that 
received no glucose was markedly decreased com- 
pared to the groups given glucose, and was signifi- 
cantly lower--by about 50%--than that of animals 
given 0.2g-kg<-h -z glucose (P < 0.01). However, no 
further increases in glycogen content in the liver 
were associated with the administration of more than 
0.2 g.kg-l.h -~ glucose. 

Discussion 

Surgical stress is associated with the activation of the 
sympathetic nervous system, whereby so-called surgical 
diabetes occurs. The surgical stress in this experiment 
was taken to be of medium degree or more, since, in 
laboratory animals, exposure of the small intestine for 
3 min, accompanied by manipulation, is designated me- 
dium-degree surgical stress, corresponding to the stress 
of gastrectomy [7]. 

Because of this surgical stress, elevated plasma glu- 
cose levels were observed even in animals in which 
infusion of a fluid not containing glucose was performed. 
Moreover, notwithstanding glucose loading, the in- 
crease of plasma glucose was not enhanced in groups 
receiving glucose at the rate of 0.1 or 0.2g.kg-t.h -~ com- 
pared with infusion without glucose. Ogawa et al. [8] and 
Tabo et al. [9] also reported that glucose administration, 
at the rate of 0.25 g.kg-~.h *, as a link in intraoperative 
fluid therapy, did not cause an extra rise in blood sugar 
and was an efficient energy supply. Kuze et al. [10] found 
that Ringer's solution containing glucose, especially 
given in large amounts, seemed to affect the metabo- 
lism, and they recommended that the dose and the infu- 
sion rate should be adjusted to avoid metabolic changes. 
The results of the present study indicate that if the 
administration rate is 0.2g-kg-~.h -1 or less, glucose may 
be given during major surgery without the risk of 
overload. 

The urinary excretion of glucose was closely related 
to the development of hyperglycemia, this phenomenon 
being negligible in the groups given glucose at the rate 
of 0.2g.kg-~.h -I or less. This result agrees with that of 
Kawachino and colleagues [11], who reported that, in 
subjects given 0.25g-kg<-h -1 of glucose intraoper- 
atively, the urinary excretion of glucose was negligible 
(0.06% of administered dose) by 4h after infusion. 
However, a glucose load of more than 0.2g.kg-~.h -~ 
raised glucose excretion in urine. These results and the 
findings noted in the foregoing paragraph indicate that, 
during surgery, the utilization of glucose is decreased 
and the tolerance limit of glucose infusion is reduced, 
whereas the capacity of glucose metabolism is generally 
held to be up to 0.5g,kg-l-h -~ of intravenous injection 
[9]. Accordingly, to avoid hyperglycemia and the exces- 
sive urinary excretion of glucose during surgical proce- 
dures, the glucose dose should be 0.2g.kg-~.h -1 or less. 

Perioperative infusion without glucose was disadvan- 
tageous for the protection of liver glycogen. The sup- 
pression of glycogen depletion seen with glucose 
administration may be the result of an increase in the 
precursor substrate required for glycogen synthesis, 
since hepatocytes can obtain glucose independently of 
the action of insulin by passive transport [12]. Surpris- 
ingly, however, the highest and second highest doses of 
glucose we employed did not exert a stronger protective 
effect than the middle dose. It is assumed that, at the 
higher doses, increased levels of the precursor substrate 
actually exceeded the glycogenesis capacity of the 
enzyme. Thus, glucose loading exceeding 0.2g.kg-~.h -~ 
is not effective in preventing the decrease of liver gly- 
cogen. Since the level of glycogen storage in the liver 
ordinarily depends on the time lapse since the last meal, 
it was difficult to establish a single value as standard. In 
our preliminary study, the amount of glycogen in the 
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l iver  of  non - f a s t ed  r abb i t s  was a b o u t  40mg.g  -1, but  this 
va lue  could  no t  necessa r i ly  be  t a k e n  as the  s a tu ra t i on  
point ,  s ince the  l iver  s p e c i m e n  was o b t a i n e d  in the  af ter -  
n o o n  when  a p p e t i t e  was l ike ly  to have  b e e n  low. The  
s t a n d a r d  va lue  for  l iver  g lycogen  in the  fed  cond i t i on  
was t h e r e f o r e  assessed  as 40mg.g  -1 o r  more .  

In  n o r m a l  rabb i t s ,  the  t o l e r a n c e  l imi t  for  i n t r avenous  
g lucose  infus ion  is less than  0.85 g-kg 1.13 1, and  this vir- 
tua l ly  agrees  with the  va lue  in h u m a n s  [13]. Conse -  
quen t ly ,  if the  resul ts  of  this e x p e r i m e n t a l  s tudy  were  to  
be e x t r a p o l a t e d  to the  cl inical  set t ing,  the  o p t i m a l  dose  
of  g lucose  dur ing  su rge ry  w o u l d  be 0 . 1 - 0 . 2 g . k g - l . h  -~. 
F u r t h e r m o r e ,  s ince pa t i en t s  c o m m o n l y  r ece ive  in t ra-  
ope ra t i ve  fluid at  the  r a t e  of  1 0 - 2 0 m l . k g - l - h  1 [8], we 
suggest  tha t  the  idea l  c o n c e n t r a t i o n  of  g lucose  in ex t ra -  
ce l lu lar  fluid r e p l a c e m e n t  is 1%.  

K i m u r a  et  al. [14,15] f o u n d  tha t  l ac t a t ed  R i n g e r ' s  
so lu t ion  with  high p o t a s s i u m  levels  was effect ive  in sup-  
press ing  inc reases  in s e r u m  glucose  dur ing  surgery ,  
since the  high dose  of  p o t a s s i u m  led  to a c o n c o m i t a n t  
in t r ace l lu l a r  influx of  p o t a s s i u m  and  glucose,  The re fo r e ,  
the  op t ima l  dose  of  g lucose  m a y  change  in r e s p o n s e  to  
the  dose  of  p o t a s s i u m  infused  s imul taneous ly ,  and  
our  resul ts  and  r e c o m m e n d a t i o n s  mus t  be  l imi t ed  to 
cases in which  the  c o n v e n t i o n a l  concen t r a t i on  of  
p o t a s s i u m  (4 m E q / l )  is p r e s e n t  in the  ex t race l lu l a r  fluid 
rep lacer .  

In  conc lus ion ,  we have  shown tha t  i n t r a o p e r a t i v e  glu- 
cose s u p p l e m e n t a t i o n  in r abb i t s  is effect ive in suppress -  
ing l iver  g lycogen  dep le t ion .  To avoid  g lucose  
ove r load ing ,  the  o p t i m a l  i n t r a o p e r a t i v e  dose  is 0 .1 -  
0 .2g .kg- l .h  -1 at  a fluid in fus ion  r a t e  of  20ml .kg-~.h  1. 
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