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Plasma glucose, insulin, glucagon, growth hormone (GH) and cyclic-AMP (C-AMP) were
measured in 14 patients undergoing partial gastrectomy under 5 g/hr glucose loading. Seven
patients received general anesthesia (GOF; Group G) and the other seven, GO + epidural
anesthesia (analgesia Th, -L,; Group E). Blood glucose increased in both groups, although
it remained consistently lower in Group E than in Group G. Serum IRI and IRI/glucose
ratio appeared consistently higher in Group E than in Group G and a significant difference
was found between the two groups at the early period of surgery. The changes in plasma
glucagon and GH were found independent of those in glucose. Cyclic-AMP was also con
sistently higher in Group G than in Group E and a significant difference was observed at the
end of anesthesia. These results suggest that epidural anesthesia with 5 g/hr glucose loading
may facilitate insulin release from the islet and peripheral blood uptake particularly during
the early period of surgery while many other factors such as GH, cortisol and vagal stimula
tion seemed to be involved in the later period of surgery. (Key words: blood glucose,
glucose loading, insulin, epidural anesthesia, upper abdominal surgery)

(Ogata M et al.: Clinical study of glucose metabolism during partial gastrectomy; corn
parison between epidural and general anesthesia. J Anesth 1:82-87, 1987)

It is well known that surgical stress elicits

endocrine and metabolic changes characterized

by the increase in the secretion of cortisol and

catecolamine and subsequent glucose intolerance.
The afferent neurologic blockade with epidural
anesthesia has been reported to inhibit the hyper
glycemic response following lower abdominal
surgery' ,2.

However, there are still many discussions on
insulin reponse to the plasma glucose during
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high level epidural anesthesia. In neck epidural

anesthesia, it was reported that insulin response
to the intraveous glucose is more elevated than

in general anesthesia". On the other hand, the

basal insulin response is reported to be inhibited

during high level spinal anesthesia" or epidural
anesthesia5,6.

However, as far as we know, only a few

reports on the insulin response during upper

abdominal surgery under continuous glucose

loading have been reported 7. The purpose of

this investigation is, therefore, to compare the

effects of epidural anesthesia on the hormonal

response to the upper abdominal surgery under

continuous glucose loading with those produced

by general anesthesia.
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Table I. Comparison of the two groups (each
7 patients) group;

No significant difference was found between the groups

hormone (GH) and c-AMP were determined by
radioimmunoassay. Statistical analysis was made
by paired and unpaired student t-test. The value
less than 0.05 was regarded as statistically
significant.
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Fig. 1. The changes in blood glucose concentration
in two groups under 5 g/hr glucose loading
throughout the study. Although group G

tended to be higher than group E, no signifi
cant difference was found between the
groups.

Results

The details of the patients are shown in Table
1. No significant difference was found between
two groups.

Blood glucose (fig. 1)

Blood glucose increased in both groups during
surgery. However, the values in Group E were
consistently lower than in Group G.

Serum IRI (fig. 2)

• 4

Patients and Methods

Fourteen patients undergoing elective surgery
of gastrectomy starting at 9 :00 AM were

included in this study.
None of them had metabolic disturbance and

received drugs known to affect blood glucose

and IRI values.
Informed consent was obtained from all of

the patients. Each patient was allowed to have
normal diet on the day before surgery and
premedicated diazepam 10 rng P.O. at 6:30 AM
on the day of surgery. All patients were

administered intravenous glucose continuously
during surgery by a infusion pump from the time

of first blood smapling in the preanesthetic
period. The patients were divided into two
groups of seven. The first group (group G)

received general anesthesia (halothane-NzO/02).
The second group (group E) received epidural

anesthesia with N ZO/02. In the group of E, the

patients were placed in lateral position and
epidural catheter was inserted at the T6 /7 or
T7/8 . Epidural analgesia from T q to L1 was
obtained by using 10-15 ml of 2% mepivacaine
and maintained during surgery with intermittent

injection of mepivacaine through the epidural
catheter. The patients were given pancuronium
bromide 1 mg before endotracheal intubation to
minimize fasciculation with S.C.c. Then, general
anesthesia was induced with thiopental 4 mg/kg

iv, and endotracheal intubation was performed

following administration of S.C.c. I mg/kg iv
and anesthesia was maintained with 30% N2 0 
70% Oz. In the group of G, the patients were
intubated as in the group of E. Anesthesia was
maintained with 1-2% halothane in 30% 02 and
70% N20. Surgery started between 9:00 AM and

9:30 AM. Blood pressure was adjusted primarily
by an administration of the lactated Ringer (L/R)

solution although persistent hypotension was
corrected by intermittent administration of
vasopressor drugs. The blood samples were taken
from the peripheral veins opposite to the site
of fluid and glucose administration. Samplings
were made at the following periods; before
induction, incision, 30, 90, and 1SO min after
skin incision, and the end of anesthesia. Blood
glucose was measured by the standard glucose
oxidase method, and IRI, glucagon, growth
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Fig. 2. Serum IRI response to partial gastrectomy
with glucose loading (5 g/hr). Group G

remained lower than group E (no signifi

cance).

Fig. 3. The changes in the IRI/glucose ratio. Group E

remained higher than group G throughout
the study. A significant difference between

two groups (P<O.05) was observed during
the early period of surgery.
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Fig. 4. The changes in plasma glucagon. No signifi
cant was found between the two groups.
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The preanesthetic value of I/G ratio in group
E was higher than in group G, although the
difference was not significant. The I/G ratio
in group E remained consistently higher than
that in group G during surgery. There was
a significant difference between the groups at
both the time of incision and 30 min after

incision.
Glucagon (fig. 4)
The level of serum glucagon was slightly

higher in group G than in group E throughout
the study although the difference was not
statistically significant.

Growth hormone (GH) (fig. 5)
The preanesthetic level of serum GH was

higher in group E than in group G and tended
to increase after skin incision in both groups
(no significance).

C-AMP (fig. 6)
In both groups, C-AMP increased during

surgery. The increase in group E was smaller than
that in group G. The difference between the
groups at the end of anesthesia was found
statistically significant. (p<0.05)

It is well-known that glucose tolerance is

Discussion
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The base-line level of serum IRI was slightly
higher in group E than in group G, although the
difference was not statistically significant. Serum
IRI increased in both groups during surgery as
blood glucose became elevated. However, the
values in Group E were consistently higher than
those in Group G. A significant difference was
found between the groups at the time of skin
incision (p<0.05).

IlG ratio (fig. 3)

100
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Fig. 5. Plasma growth hormone (GH). No significant
difference was observed between the two
groups.

Fig. 6. The changes in plasma c-AMP. A significant
difference was observed between the groups
at the end of anesthesia.
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there are also many discussions on the changes
of serum glucagon during surgery. Brandt et al
demonstrated that serum glucagon remained
unchanged in both epidural and general anesthesia
during hysterectomy', while other studies showed
that plasma glucagon increased in surgical patients
under general anesthesia 10 as well as in burned
patientsll . In this respect, our findings are con
sidered to favor the results of Brandt et al. The
results of these latter two studies suggest that

reduced and release of insulin is impaired by
surgery under general anesthesia. In epidural
anesthesia, however, there are many discussions
on the insulin response. Our results demonstrate
that epidural anesthesia, in contrast to general
anesthesia, suppresses hyperglycemic response
with an augmented insulin release especially
during the early period of surgical procedure.
These results are in contrast to those in other
previous study performed during gastrectomy,
where epidural anesthesia did not affect the
insulin responses. We have no good explanations
about this diference. However, it is suggested
t~at this discrepancy may be attributed to the
infusion of glucose during surgery. We employed
an intra-operative infusion of glucose at a con
stant rate (5 g/hr) expecting its anti-ketogenic
effect, while no glucose was administered in their
study. Their patients were considered more
susceptible to starvation than in our study. In
addition, it has also been reported that the
infusion of. glucose (I rnmol/rnin) suppressed the
splanchnic release of glucose during surgery
(Stjernstrorn et aI.8 ) . Our results may suggest
that intraoperative infusion of glucose at
a constant rate facilitates insulin release and
suppresses the release of hepatic glucose during
surgery. However, further studies will be needed
in this regard.

Stimulation of the splanchnic sympathetic
nerve is known to suppress insulin release by
the a-adrenergic system. On the other hand,
sympathetic blockade induced by high spinal
anesthesia has been reported to decrease glucose
tolerance and insulin release because the baseline
adrenergic input is necessary to maintain the
normal islet function". In our present study,
however, IRI/G ratio increased during surgery
in epidural group and a significant difference
was found between the two groups at the early
period of surgery. Our results are consistent with
those of Houghton who observed that epidural
analgesia preserved glucose tolerance with
an augmented insulin release". Inhibition of the
release of circulating catechcolamine by epidural
anesthesia is suggested to facilitate insulin release
and peripheral glucose utilization particulary
in the early period of surgery.

Glucagon is known to elevate glucose in blood
by gluconeogenesis and glycogenolysis. However,
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plasma glucagon plays only a minor role in con
trolling the blood glucose level during surgery.

An increase in plasma growth hormone during
surgery has been reported under general anesthe
sia. However, epidural anesthesia was shown to
suppress the elevation of the plasma growth
hormone". In our study, it was demonstrated
that serum GH increases after skin incision in
both general and epidural groups. These our
observations indicate that activation of hy
pothalamic-anterior pituitary axis is responsible
for the increase of growth hormone because our
previous studies'f demonstrated that epidural
anesthesia could not suppress the elevation of
ACTH, cortisol as well as GH in upper abdominal
surgery.

The plasma concentration of cyclic AMP,
known as the common intracellular second
messenger for hormones, increased during
surgery and a good correlation was found
between the changes in plasma adrenaline and
cyclic AMp 13

. In our present study, a significant
difference in plasma c-AMP appeared between
the two groups at the end of surgery, which was
considered consistent with the results of Nistrap

et al. I4 They observed that blockade of the
afferent nerve impulse from the site of surgical
trauma reduces the catabolic response to surgery.

Hyperglycemic and impaired glucose tolerance

during surgery are also well-documented. The
following mechanisms for intraoperative
hyperglycemia have been reported IS :. I) in
creased glucose production from the liver
secondary to the increased secretion of CA and
glucagon, 2) enhanced glucose production by
direct sympathetic simulation of the liver,
3) inhibition of the insulin secretion by the
increased CA. 4) impaired glucose utilization
by CA, GH and cortisol which act as insulin
antagonist. In epidural anesthesia, however,
serum glucose has been reported to be suppressed
during surgery despite of reduction of the insulin
release2 , S,6 . In regard to this finding, the follow

ing mechanisms are considered; I) suppression
of the hepatic glucose release, 2) increased
peripheral uptake of glucose. Our findings in
our current study, however, indicate that
epidural anesthesia with constnat infusion of
glucose facilitates insulin release particularly
during the early period of surgery. As for its

mechanisms, we consider that epidural anesthesia
inhibits the sympathetic impulse to the pancreas,
which might be playing a predominant role in
inhibiting the insulin secretion. In the late period
of surgery, however, there were no significant
differences between the two groups on IRI,
IRI/G in our present study. For the explanation
of these results on IRI and IRI/G, it was con
sidered that increased GH and cortisol in the late
period of surgery may have reduced the insulin
responses. And secondary hyperglycemia follow
ing this reduced insulin response may have
induced the insulin secretion in both groups
by vagal stimulation 16, which could not be
blocked even by epidural anesthesia.

In conclusion, epidural anesthesia was con
sidered to facilitate not only glucose utilization
but also insulin response to glucose in the early
period of surgery. However, it was also suggested
that many other factors such as GH and cortisol,
related to the insulin sensitivity, and vagal
involvement with the release of insulin are all to
be investigated further in the future.

(Received Nov. 28, 1986, accepted for publication

Nov. 28, 1986)
References

1. Engquist A, Brandt MR, Fernandes A, Kehlet
H: The blocking effect of epidural analgesia on the
adrenocortical and hyperglycemic responses to
surgery. Acta Anaesth Scand 21:330-335,1977

2. Brandt M, KehletH, Binder C, Hagen C, Mcneilly
AS: Effect of epidural analgesia on the glycoregu
latory endocrine response to surgery. J Clin
EndocrinoI5:107-114,1976

3. Nakamura S, Shigematsu A: Influence of cervical
epidural anesthesia on glucose disappearance and
insulin secretion. lap J Anesth 30:967-972,
1981

4. Halter JB, Pflug AE: Effect of sympathetic block
ade by spinal anaesthesia on pancreatic islet
function in man. am J Physiol EI50-155, 1980

5. Asoh T, Tsuji H, Shirasaka C, Takeuchi Y: Effect
of epidural analgesia on metabolic response to
major upper abdominal surgery. Acta Anaesth
Scand 27:233-237, 1983

6. Traynor C, Paterson n., Ward !D, Morgan M.
Hall GM: Effects of extradural analgesia and vagal
blockade on the metabolic and endocrine response
to upper abdominal surgery. Br J Anaesth 54:
319-323,1982

7. Lund J, Stjernstrom H, Jorfeldt L, Wiklund L:
Effect of extradural analgesia on glucose



Voll.Nol Glucose metabolism during partial gastrectomy 87

metabolism and gluconeogenesis. Br J Anaesth
58:851-857,1986

8. Stjernstrom H, Jorfeldt L. Wiklund L: Influence
of abdominal surgical trauma and intraoperative
infusion of glucose on splanchnic glucose metabo
lism in man. Clin Phys 1:511,1981

9. Houghton A, Hickey JB, Ross SA, Dupre J:
Glucose tolerance during anaesthesia and surgery.
Comparison of general and extradural anaesthesia.
Br J Anaesth 50:495-499, 1978

10. Russell RCG, Walker CJ, Bloom SR: Hypergluc
agonaemia in the surgical patient. Br Med J 1:10,
1975

11. Moylan JA, Bristow BF, Mason AD, Pruitt BA:
Anabolic effects of human growth hormone and

• high caloric feedings following thermal injury.
Surg Gynecol Obstet 138:875, 1974

12. Ogata M, Takara H, Shimozawa K, Tanaka T,

Shigematsu A: The mechanism of aldosterone
secretion during partial gastrectomy. Jap J Anesth
35:924-928,1985

13. Nistrup Madsen S, Fog-Moller F, Christiansen C,
Vester-Andersen T, Engquist A: Cyclic-AMP,
adrenaline and noradrenaline in plasma during
surgery, Br J Surg 65:191-193, 1978

14. Nistrup Madsen S, Brandt MR, Engquist A. Badawi
I, Kehlet H: Inhibition of plasma cyclic AMP,
glucose and cortisol response to surgery by
epidural analgesia. Br J Surg 64: 669 -671, 1977

15. Jensen CH, Berthelsen P, Kuhl C, Kehlet H:
Effect of epidural analgesia on glucose tolerance
during surgery. Acta Anaesth Scand 24:472-474,
1980

16. Niijima A: An electrophysiological study on the
regulatory mechanism of blood sugar level in the
rabbit. Brain Res 87:159-199,1975


