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Intraoperative Fluid Management Influences Carbon Dioxide

Production and Respiratory Quotient

Magnus Hagerdal, M.D.,* Craig B. Caldwell, M.D.,T and Jeffrey B. Gross, M.D.}

The authors studied the effects of glucose-containing versus non-
glucose-containing solutions for intraoperative fluid management
on CO; production and respiratory quotient (RQ) during the first
postoperative hour. Three groups of patients were studied. Patients
in Group 1 received normal saline during the operation and first
postoperative hour; patients in Groups 2 and 3 received 5% glucose
in half normal saline during the operation. This solution was con-
tinued through the postoperative period for patients in Group 2,
while patients in Group 3 were given normal saline postoperatively.
All patients received 500-1000 ml during the first hour and 500
mi/h thereafter. During the first postoperative hour, CO; produc-
tion and O, consumption were measured every 15 min,

RQ was significantly higher in Group 2 (0.93 + 0.01) than in
Group 1 (0.77 = 0.01) (x = SEM, P < 0.05). CO, production was
about 20% higher in Group 2 than in Group 1. There were no
differences in O; consumption between Groups 1 and 2. In Group
3, RQ decreased significantly (from 0.97 = 0.04 to 0.87 = 0.03)
during the first postoperative hour but remained higher than in
Group 1. The authors conclude that intraoperative administration
of glucose-containing solutions increases RQ postoperatively; this
effect can be reversed partially by changing to glucose-free solutions
in the postanesthetic period. (Key words: Carbon dioxide: measure-
ment; production. Fluid balance: intraoperative. Metabolism: glu-
cose; respiratory quotient.) '

INTRAVENOUS GLUCOSE SOLUTIONS are used com-
monly for perioperative fluid management. Because
large volumes sometimes are required to replace on-
going fluid losses and preexisting deficits, it is possible
for patients to receive large quantities of glucose periop-
eratively. Parenteral nutrition with hypertonic glucose
solutions has been reported to increase CO; production
and respiratory quotient (RQ)." Difficulty in weaning
patients from mechanical ventilation also has been re-
ported following high glucose loads.?

The purpose of our study was to quantitate the effect
of intraoperative glucose solutions on CO; production,
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O consumption, and RQ in the immediate postoper-
ative period.

Methods

We studied 21 men, ASA classification I or II, un-
dergoing spinal or general anesthesia for surgical pro-
cedures lasting at least 1 h. We excluded patients with
diabetes, as well as those undergoing transurethral re-
section of the prostate. Each patient granted informed
consent for participation in the study, which was ap-
proved by the Institutional Human Studies Committee.

Patients fasted overnight. Before induction of anes-
thesia they were randomly assigned to one of three
groups with seven patients in each group. Patients in
Group 1 received only normal saline (NS) during the
operation and the first postoperative hour. Patients inr
Group 2 received 5% glucose in half normal saline (D5
Y NS) during the same period of time. Patients in
Group 3 were given D5 Y2 NS during the operation,
which was changed to NS upon arrival in the recovery
room. All patients received 500-1000 ml of fluid during
the first hour of anesthesia and 500 ml of fluid during
each subsequent hour of the study.

Immediately after operation, the patients were al-
lowed to breathe room air for at least 10 min as they
were taken to the recovery room, where their expired
O, concentration, CO, concentration, and minute ven-
tilation were measured via face mask or mouthpiece
(with nose occluded) using a Beckman Metabolic Mea-
surement Cart.®** Patients who were shivering, com-
plaining of pain, or unable to tolerate the face mask or
mouthpiece were excluded from the study. Oral tem-
perature was measured on arrival in the recovery room
using an IVAC digital thermometer.

We calibrated the spirometer with a supersyringe at
the beginning of each day; the O, and COy analyzers
were calibrated hourly with standard calibration gases.
The patients breathed room air throughout the first
postoperative hour. Mixed expired Oz and CO, con-
centrations and exhaled volume were measured for 30
s and confirmed in triplicate during periods of stable
ventilation; the replicates varied by less than 10%, ver-
ifying the existence of near steady-state gas exchange.

Measurements were repeated every 15 min; Oy con-
sumption, CO, production, and RQ were calculated
with the use of standard formulas.
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TABLE 1. Comparative Data for Three Groups

Glucose
Age Weight Temperature
(ycars) (kg) (°C) Intraoperative (g) Total (g}
Group 1 (saline) 49 + 17 725 358+ 04 0 0
Group 2 (glucose) 56 + 16 795 353+ 0.9 96.5 + 15.4 132.9 = 14.7
Group 3 (glucose to saline) 57 % 7 71 x4 35.4 + 0.7 110.0 £ 9.2 110.0 = 9.2

Values are means = SEM.

Differences between Groups 1 and 2 were evaluated
with the use of the two-way analysis of variance; changes
occurring in the patients of Group 3 were analyzed with
the use of the two-way analysis of variance and Tukey’s
test for multiple comparisons among means. The cor-
relation between glucose load and respiratory quotient
was determined by linear regression. Values of P < 0.05
were interpreted as being significant.

Results

Body temperature was below normal in all groups,
but there were no significant differences between the
groups in age, weight, or body temperature (Table 1).
General and spinal anesthetics were distributed rela-
tively equally among the three groups.

Respiratory quotient was significantly higher in Group
2 (glucose, RQ = 0.93 + 0.01) than in Group 1 (saline,
RQ = 0.77 % 0.01) at all times (x = SEM, P < 0.05).
RQ did not change with time in these two groups (fig.
1). In Group 3 (glucose — saline), however, RQ de-
creased from 0.97 + 0.04 to 0.87 + 0.03 in the hour
after glucose was discontinued. Although this reduction
was significant (P < 0.05), RQ remained higher than
for patients in Group 1, who received no glucose in the
perioperative period (P < 0.05). Analysis of variance
revealed that these observations were independent of
the type of anesthesia. There was no correlation be-

N = 7 for each group.

tween the initial RQ in the recovery room and the
amount of glucose administered intraoperatively to pa-
tients in Groups 2 and 3 (r = 0.24, P > 0.4).

CO; production did not change with time in any of
the groups but was 20% greater in Group 2 than in
Group 1 throughout the measurement period. O; con-
sumption increased with time in Group 3, although the
increase was not statistically significant. Differences in
O, consumption between groups were not significant
(table 2).

Discussion

There is no universal agreement as to which fluids
should be used perioperatively in patients who do not
have diabetes. In some textbooks, glucose-containing
solutions are recommended as maintenance fluids.>®
Most elective surgical patients arrive in the operating
room with a 500-1500 ml! fluid deficit, which is gen-
erally replaced within the first 2 hours of surgery.>®
Therefore, the amounts of fluid received by our patients
were comparable to those used in routine practice.

While it is certainly true that many factors interact
to influence respiratory quotient in the perioperative
period, we attempted to minimize the influence of fac-
tors other than the composition of the intravenous fluids
by excluding patients who were shivering, in pain, less
than fully awake, hemodynamically unstable, or un-
cooperative,
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TaABLE 2. COy Production and Oy Consumption versus Time
Time in
Recovery COy Qg
Raom Production Consumption
{min) (ml/min) (ml/min)
Group 1 0 134 £ 13 179 £ 18
(saline) 15 149+ 13 198 + 18
30 148 £ 14 191 + 18
45 147 + 14 183 + 16
60 148 + 16 188 + 18
Group 2, 0 192 + 28 206 + 16
(glucose) 15 161 *+ 16 177 £ 12
30 174 £ 13 183 + 19
45 173 + 23 182 + 26
60 179 + 24 187 + 24
Group 3. 0 171 % 21 176 + 21
(glucose to 15 170 = 11 185 + 10
saline) 30 183 + 14 201 + 12
45 163 = 10 191 = 11
60 176 £ 13 203 + 16

All values are means = SEM.
N = 7 for each group.

The capabilities of the Beckman Metabolic Measure-
ment Cart® for determination of O, consumption, CO,
production, and RQ have been described recently.*
With F1o, = 0.21 and tidal volumes greater than 350
ml (as observed in our patients), measurements of O,
consumption and CO, production are accurate to within
5%; RQ determinations are accurate to within 1.5%. Of
course, the use of such a device assumes that near
steady-state conditions are met. We established this by
performing measurements in triplicate and verifying
that minute ventilation, measured CO; production, and
measured Oy consumption remained stable to within
10%. Because Oy consumption, CO, production, and
RQ did not vary appreciably with time in Groups 1 and
2, it is unlikely that elimination of residual anesthetic
gases significantly affected our measurements; in addi-
tion, the effect of glucose administration was the same
in patients who had spinal anesthesia (no residual gases)
and general anesthesia.

It is reasonable to ask if withholding glucose in the
perioperative period predisposes patients to hypogly-
cemia or ketosis. It is well established that there is an
increase in serum glucose levels during anesthesia and
surgery in normal patients related to increased cate-
cholamine secretion, decreased insulin secretion, and
decreased peripheral glucose utilization.” Although
there may be a small increase in ketone body concen-
tration in fasted patients (2 mM after 48-h fast), these
levels are clinically insignificant.®® However, these con-
siderations do not apply to patients receiving insulin or
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oral hypoglycemic agents or patients with limited he-
patic reserve, who should receive glucose periopera-
tively.'® Of course, the protein-sparing effect of periop-
erative glucose must be considered when treating de-
bilitated patients, in whom further wasting of the
muscles of ventilation could be detrimental; it is un-
likely, however, that withholding glucose for a few
hours will cause significant muscle wastage.

We have demonstrated that administration of glucose
in the perioperative period increases COg production
and RQ, and that eliminating glucose in the postoper-
ative period decreases RQ (although after 1 hour, the
RQ remains higher than in those patients who received
no glucose perioperatively). The most likely explanation
for the differences we observed is that those patients
receiving glucose (RQ = 1.0) preferentially metabolized
it as an energy source. The lower RQ in patients re-
ceiving no glucose probably reflects the importance of
lipids (RQ = 0.7) as a major energy source in the fasting
state. These observations could potentially be of signif-
icance in patients with minimal ventilatory reserve.?

The authors thank Dr. James Mullen for his help in performing this
study.
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