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Abstract

The purpose of this study was to evaluate the ef-
fects of 1% glucose-containing solution on plasma
glucose concentration in elderly and young patients.
Twenty-two elderly (>>65yr) and 24 young (20-59yr),
ASA physical status I or II patients scheduled for
elective surgery under general anesthesia were stud-
ied. Patients received acetated Ringer's solution
containing 1% glucose at a rate of 10ml-kg™ -hr ™%
Plasma glucose, sodium and potassium concentrations,
and urine volume were measured at just before the
incision (baseline), and at 1, 2, and 3 hours (h) after
the incision. Plasma glucose concentration in the
elderly and the young groups did not change signifi-
cantly from the baseline values during the 1-3h peri-
ods. Plasma glucose at 2h in the young group was
significantly lower than that in the elderly group (p<
0.05).
group was significantly lower than that in the young
group(p < 0.05). Hypoglycemia occurred only in
young female patients. 1% glucose-containing solu-

Incidence of hypoglycemia in the elderly

tion produced stable intraoperative plasma glucose
concentration in the elderly group and the young
group except female patients.
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Introduction

Oral intakes of water and foods are prohibited be-
fore operation. Therefore, fluid and glucose are nec-
essary to administer intraoperatively to prevent de-
hydration and hypoglycemia. The fluid require-
ment 1s composed of compensatory intravascular
volume expansion, deficit replacement, maintenance
fluids, restoration of losses and substitution for fluid
redistribution. We usually use Ringer’s solution
during scheduled surgery with infusion rates at 5-
14ml-kg~"hr~!, and majority of Ringer's solutions
contain 0% or 5% glucose. Glucose free solution can
produce hypoglycemia, and 5% glucose-containing
solution may produce severe hyperglycemia’.
Therefore, low concentration of glucose and Ringer’s
solution would be useful especially in elderly patients,
because glucose tolerance is low in elderly”. Re-
cently, 1% glucose-containing acetated Ringer's solu-
tion is available for clinical use. Nevertheless, intra-
operative plasma glucose levels using 1% glucose-
containing solution in elderly and young patients have
not been investigated.

The objective of the study was therefore to eluci-
date the effects of 1% glucose-containing acetated
Ringer’s solution on plasma glucose concentration in

elderly and young patients.
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Materials and methods

The study was approved by our ethical committee
(University of Yamanashi, Japan), and written in-
formed consent was obtained from all patients. We
enrolled 22 elderly patients aged over 65 years (eld-
erly group), and 24 young patients aged 20-59 years
(young group) who were scheduled to undergo head
and neck, breast, or abdominal surgery under general
anesthesia. They were ASA physical status I or IL
Exclusion criteria included diabetes mellitus, neuro-
psychiatric disorders, daily use of corticosteroids,
hypothyroidism, hypermagnesemia, and impaired
kidney function.

Oral intakes for solid foods and clear liquids were
prohibited 12 hours preceding the induction of anes-
thesia. Patients were premedicated with intramus-
cular 0.04mg-kg ! midazolam 30min before entering
the operating room. An 18- or 20-gauge venous
catheter was inserted into a vein in the wrist, and acet-
ated Ringer’s solution containing 1% glucose (Physio
140%: Na*; 140, K*; 4, Ma®*; 2, Ca®*; 3, C17; 115, Ace-
tate™; 25, Gluconate™; 3, Citrate® ; 6mEq/], Otsuka,
Tokyo, Japan) was infused at a rate of 10ml-kg™"hr™!
during this investigation. Anesthesia was induced
with 2mg-kg ~! propofol. Vecuronium 0.lmgkg ™!
was given to facilitate tracheal intubation. Anesthe-
sia was maintained with 1-2% sevoflurane and 67%
nitrous oxide in oxygen(GOS). Fentanyl was al-
lowed during surgery in the case of persistent tachy-
cardia and/or hypertension (defined as values 30%
more than preanesthetic values) that did not respond
to increases of the inspired sevoflurane concentration.
Ventilation was adjusted to maintain end-tidal carbon
dioxide between 32-38mmHg by mechanical ventila-
tion. A 22-gauge catheter was inserted into a radial
artery. Systemic arterial pressure, heart rate, rectal
temperature, and pulse oximetry were monitored
continuously and maintained within a normal range.
Hypotension (defined as values 30% less than preanes-
thetic values) was treated with ephedrine 0.1mg-kg™".

Blood samples were obtained from the radial arte-

rial catheter.  Plasma glucose, sodium and potassium
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concentrations were measured just before the incision
(baseline), and at 1, 2, and 3h after the incision by
using blood gas analyzer (Stat Profile plus 9, Nova
Biomedical, Tokyo, Japan). Urine volume was also
evaluated. Hypoglycemia was defined as plasma
glucose concentration lower than 90mg-dl™!. Severe
hypotension, which was defined as plasma glucose
concentration lower than 60mg-dl ™}, was treated with
intravenous injection of 50% glucose 20ml.

Data are presented as means=SD. Sample size of
18 patients per group was required to achieve a power
of 0.8 and an a of 0.05 to detect a difference of
15mg-dl~! in plasma glucose between groups, with a
SD of 15mg-dl"!. Patients’ age, height, weight, and
blood loss volume were compared using unpaired ¢
test. Within-group comparisons in plasma glucose,
sodium and potassium concentrations were per-
formed using one-way analysis of variance for re-
peated measurements, followed by the Dunnett post
hoc test. Inter-group differences in plasma glucose,
sodium and potassium concentrations were analyzed
by factorial analysis of variance with Scheffé multiple
comparison tests. The incidence of hypoglycemia
was compared using chi-square test. P values less
than 0.05 were considered statistically significant.

Results

The two groups were similar with regard to gender,
height, weight, sites of operation, anesthetic methods,
and blood loss volume (Table 1). Urine output did
not differ between the two groups. Ephedrine was
used in 3 elderly and 1 young patients during the
study period. The difference was not statistically
significant.

Plasma glucose concentrations in the elderly and
the young groups did not change significantly from
the baseline values during the study period (Table 2).
However, plasma glucose at 2h in the young group
was significantly lower than that in the elderly
group (p<0.05; Table 2). Hypoglycemia occurred
in 4 young female patients, and one patient showed
marked hypoglycemia (59mg-dl '), whereas no eld-
erly or young male patients developed hypoglycemia.
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Table 1 Patient characteristics, sites of operation, anesthetic methods, and blood loss

Parameter Elderly group Young group
n 22 24
Age (years) 72E5* 46+11
Gender (female/male) 8/14 14/10
Height (cm) 158+8 1608
Weight (kg) 58+9 63+12
Sites of operation
5/1/5/1
(HN/B/UA/LA) 6/1/5/10 10/5/3/6

Anesthetic methods

(GOS/GOSF/GOS +Epi) A4 BIUE
Blood loss volume/3h (g) 2124204 130+182

Note: Values are means =SD or absolute numbers.

p<0.0001 versus the young group.

HN: head and neck, B: breast, UA: upper abdomen, LA:
lower abdomen, G: nitrous oxide, O: oxygen, S: sevoflurane, F: fentanyl, Epi: epidural anesthesia.

Table 2 Plasma glucose concentrations

Elderly group Young group
n 22 24
Baseline (mg-dl ™) 113=15 113£13
1h(mg-dl™!) 120+16 110+17
2h (mg-dl ™) 121+18% 109£17
3h(mgdl™") 118+17 11317

Note: Values are means = SD or absolute numbers.

2h: 2 hour after the incision, 3h: 3 hour after the incision.

The difference in the incidence of hypoglycemia was
statistically significant between the elderly and the
young groups (p<0.05). Plasma sodium and potas-
sium were not different between the two groups dur-
ing all the experimental period.

Discussion

Our study demonstrates that infusion of 1% glu-
cose-containing acetated Ringer’s solution induced
stable plasma glucose concentration in elderly pa-
tients and in most of young patients. Nevertheless,
hypoglycemia was observed in several young female
patients.

Intraoperative glucose administration is necessary
to prevent hypoglycemia, to provide energy, to con-
serve protein and to prevent ketosis. Terajima and
Ogawa® reported that optimal intraoperative glucose
dose for young patients(mean age; approximately
40yr) was 0.1-0.2g'kg ™ “hr %
tolerance decreases with age, because elderly pa-

However, glucose

tients have been shown to be more insulin resistant

Baseline: just before incision, 1h: 1 hour after the incision,

p<0.05 vs. young group.

than younger individuals®. Furthermore, surgical
stress provokes hyperglycemia with the discharge of
anti-insulin hormones. Therefore, hyperglycemia is
anticipated in elderly patients during the operation
even though optimal dose of glucose is infused. In
the present study, glucose was infused at rates of
0.1g'kg ™ “hr™!, and this dose produced stable plasma
glucose concentration in elderly patients.

Contrary to Terajima and Ogawa’s report”, infusion
rates of glucose at 0.1g-kg™'hr~! may not be optimal
for young patients, because hypoglycemia developed
in 4 young female patients and severe hypoglycemia
occurred in one female patient in the present study.
Our results concur with Doze’s report demonstrating
that young women fasted for a period at least 12h
showed severe hypoglycemia (53 +8mg-dl~!; mean=
SD)Y.
hypoglycemia.
erative doses of glucose more than 0.1g'’kg “hr~

Fasting women would be likely to generate
These findings suggest that intraop-
1
may be necessary to young female patients.

Because oral intake of water is prohibited before
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surgeries, rapid fluid administration is necessary to
prevent dehydration. In addition, glucose should be
administered intraoperatively. We usually obtain one
venous route unless the massive bleeding would be
expected during the surgery. Thus volume mainte-
nance and glucose administration are provided in one
route. Ringer’s solution is widely used intraopera-
tively, and the majority of Ringer’s solutions contain
5% or 0% glucose. A rapid infusion of 5% glucose-

containing solution may cause severe hyperglycemia®.

Hyperglycemia could induce osmotic diuresis”, dete-
rioration of ischemia-induced brain damage®, and
wound healing delay”. On the other hand, infusion
with glucose free solution may lead to hypoglycemia
and protein catabolism. Hypoglycemia is dangerous
since glucose is the sole fuel source for the brain. To
prevent hyperglycemia and hypoglycemia, 2.5% glu-
cose-containing fluids are recommended to use intra-
operatively”. However, plasma glucose concentra-
tion just after infusion of 12.5ml-kg ™! of 2.5% glucose
for 45min was approximately 200mg-dl ' ?. Glucose
concentrations that are lower than 2.5% and Ringer’s
solution would be preferable as an intraoperative fluid
regimen. We confirmed in the present study that 1%
glucose-containing Ringer’s solution is favorable for
intraoperative use.

In the present study, there was significant statisti-
cal difference in plasma glucose concentration be-
tween the groups at 2h, but the difference did not
expanded at 3h. One possible cause was that blood
glucose at 3h was restored by 50% glucose injection
in a woman in whom the blood glucose declined to
59mg-dl ~ L,
plasma glucose concentrations at any time points

In addition, absolute values of mean

between the groups were comparable clinically.
Several factors such as anesthetic methods'”, op-
erative procedures'’, ephedrine'”, etc, may have
In the
present study, anesthetic methods, sites of operation,

influenced plasma glucose concentration.

and ephedrine use were not different between the
groups. Therefore, those factors potentially affected
our results, however, the effects could have been

small.

1% Glucose on Intraoperative Plasma Glucose 235

Conclusion

1% glucose-containing acetated Ringer’s solution
produces stable intraoperative plasma glucose con-
centration in elderly and young patients except some
young female patients.
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