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Abstract. The effects of sciatic nerve stimulation on the electroencephalogram (EEG),
cerebral metabolic rate for oxygen (CMRo;) and cerebral blood flow (CBF) were investi-
gated at five different levels of thiopental anesthesia. Thiopental was infused intravenously
at the constant rate of 23 mg/kg/hour for 2 hours, and anesthetic levels at 10 (plasma
concentration of thiopental 15+2 pg/ml), 30 (27+3), 60(37+6), 90(42+6) and 120 minutes
(49-+6) after the start of infusion were designated levels I, [, I, IV and V, respectively.
With increasing dose of thiopental, the EEG changed from fast wave activity to irregular
slow wave activity and then burst suppression. These EEG changes were accompanied by
the progressive reduction of CMRo, and CBF, decreasing to 58 and 59 per cent of the
value before thiopental at level V, respectively. The effects of stimulation for 5 minutes
were tested at each level. At level I the mean CMRo, and CBF increased to 110 and 107
per cent of conmtrol, respectively, accompanied by EEG activation. At level | the CMRo;
and CBF increased at 1 minute to 106 and 107 per cent of control, respectively, accom-
panied by the EEG activation. At the three deepest levels the EEG, CMRo: and CBF
remained unchanged. These results suggest that tight coupling between the EEG, CMRo,
and CBF exists during thiopental anesthesia.
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Introduction

A sufficient dose of barbiturate to produce
an anesthetic state is known to cause elec-
troencephalographic (EEG) slowing which
is accompanied by the reduction of the
cerebral metabolic rate for oxygen (CMRoy)
and cerebral blood flow, (CBF)?. This sugg-
ests that during barbiturate anesthesia a close
relationship between -function, metabolism
and blood flow exists, as observed during

wakefulness? and in chronic brain disease®.
However, such a relationship does not necess-
arily exist in all anesthetic circumstances,
since it had been known that volatile anes-
thetics cause EEG slowing and a decrease
in CMRo,, but an increase in CBF?. These
studies of CMRo; and CBF have been con-
cerned only with the effect of anesthetics
without stimulation and this approach may
not allow us to examine the ralationship
between function, metabolism and blood flow
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during anesthesia. In this author’s laboratory, -

Kuramoto and his associates® studied modi-
fication of EEG, CMRo; and CBF responses
to stimulation by halothane, methoxyflurane,
nitrous oxide and morphine, and suggested
that the coupling of CMRo; and CBF would
vary with anesthetics and anesthetic levels.
Accordingly, in this study EEG, CMRo; and
CBF responses to stimulation were examined
during thiopental anesthesia in the dog.

Materials and Methods

Ten unpremedicated mongrel dogs weighing 10
to 21 kg were anesthetized with halothane, 1 to
1.5 per cent inspired, in oxygen and nitrogen.
Succinylcholine "was: given to' facilitate tracheal
intubation and was administered at 1 mg/kg/hour
to maintain muscle paralysis. Ventilation was con-

trolled with a Harvard pump during the measure-

ment to maintain Paco, at 38+0.5 (SE) torr. Pao;
was maintained at 1872 torr by adjustment of
ventilation and inspired oxygen concentration.
Esophageal temperature and hemoglobin levels
were maintained at 3740.1°C and 12::0.2 g/dl,

respectively. Mean arterial pressure (MAP) during ‘

the control measurement was maintained above 70
torr in all dogs. In order to maintain this pressure
level, phenylephrine, which is reported to have no
effect on cerebral metabolism and circulation®’, was
administered, only. when MAP decreased below 70
torr with deepening of anesthesia despite appropri
-ate blood replacement. Both femoral arteries were
cannulated for blood sampling and pressure meas-
urement, and both femoral veins were cannulated
for the infusion of blood, lactated Ringer’s solution
and drugs. Both sciatic nerves were carefully
exposed and cut at the thigh level. Their proximal
ends were then gently placed on bipolar silver-
silver chloride electrodes separated by 1 cm. Scia-
tic nerve temperature was maintained by circulat-
ing warmed liquid paraffin around the exposed
area. EEG activation was accomplished by applica-
tion of supramaximal rectangular stimuli (6 volts,
0.1 msec, 100 Hz) for 5 min. )

The surgical preparation used for the measure-
ment of hemispheric CBF was originally described
by Michenfelder etal”’. Lidocaine, 5 mg/kg, 0.5
per cent solution was injected into the skin and
muscle of the head and -at the .area where the

cannulas were placed. Additional lidocaine (half
of the initial dose) was given hourly. After the
animal was heparinized by an initial dose of 3 mg

 /kg (0.5 mg/kg/hour, subsequently), cannulation

of the sagittal sinus was performed. The drained
blood was returned to the left external jugular vein
through the draining cannula. An electromagnetic
flowmeter probe (Jlumen diameter 3 mm) was
incorporated 1 cm away from the draining portion
of the sinus. To ensure exact measurements, the
electromagnetic flowmeter (Nihon Kohden MF-46)
incorporated a nonocculusive zero and a 3 second
time constant. In addition, the electromagnetic
flowmeter was frequently calibrated by direct timed
measurements of the sagittal sinus blood flow. The
percentage of the total brain weight drained from
the sagittal sinus was determined by injecting
vinyl acetate at the completion of each experiment.
This figure was used to convert units of flow from
ml/min to ml/100g/min. Oxygen content of the
arterial and sagittal sinus blood was calculated
from measurement of oxyhemoglobin (IL 282 CO-
oxymeter) and oxygen tension (ABL-2 electrode).
pH and Pco: values' were measured with appropri-
ate electrodes. The CMRo; was calculated as the

- product of CBF and the difference in oxygen con-

tents of the arterial and sagittal sinus blood. Cere-
bral vascular resistance (CVR) was calculated as
the ratio of MAP to CBF. The EEG was continuo-
usly recorded using parietal bilateral silver-silver
chloride electrodes.

After completion of the surgical preparations,
the inspired halothane concentration was decreased
to 0.3 per cent and at least one hour was allowed
to elapse before the start of the experiment. The
mean value of CMRo: and CBF was calculated
from 5 to 7 consecutive determinations of CMRoz
and CBF before the start of thiopental infusion.
After the value before thiopental had been obtained,
thiopental was infused intravenously at the consta-
nt rate of 23 mg/kg/hour for 2 hours. The effects
of sciatic nerve stimulation on CMRo. and CBF
were examined at 10, 30, 60, 90 and 120 minutes
after the start of infusion. The anesthetic levels at
10, 30, 60, 90 and 120 minutes were designated
level I, I, I, V and V, respectively. At each
levels of anesthesia, a control measurement was
obtained over the first 5 minutes by measuring
CMRo; and CBF at l-minute intervals, and the
mean value was calculated from these 5 determina-
tions. Following this control measurement, stimula-



EEG, CMRo: and CBF During Thiopental Anesthesia 43

tion to both sciatic nerves. was supplied. During
the stimulation, CBF and MAP were measured and
samples of arterial and sagittal sinus blood  for
CMRo: determination were drawn at 1-minute
intervals. A decrease in amplitude or increase in
frequency, or both, were considered a manifesta-
tion of EEG activation. Plasma thiopental concen-
trations were measured at each level by gas chro-
matography (Shimadzu GC-4). All data were
subjected to analysis of variance. P<((0.05 was
considered significant.

Results
The mean CMRo: and CBF before thio-

pental were 5.9940.17 ml/100g/min and
58.5+3.1 ml/100g/min, respectively. The
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Fig. 1 Changes in mean CMRo; and CBF “with
increasing dose of thiopental (23 mg/kg/hour
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Fig. 2 Changes in plasma thiopental concentra-
tion with increasing dose (23 mg/kg/hour infu-
sion).

EEG before thiopental mainly consisted of
13-20 Hz wave. At level I to [ EEG consisted
of 2 to 8 Hz superimposed by 8 to 13 Hz
wave and then the amplitude tended to
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Fig. 3 Time course of CMRo; and CBF expressed
as per cent of control. at five different levels.
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decrease (levellV). At level V burst suppressi-
on was recorded in all. dogs. The per cent
control of CMRo; and CBF during thiopent-
al infusion of 23 mg/kg/hour. is illustrated
in Fig. 1. Plasma thiopental concentrations
were shown in Fig. 2, and were 1542,
2743, 37+6, 42+6 and 4946 ug/ml at
level 1, I, W, IVand V, respectively. At
10 minutes of thiopental infusion (level I),
the mean CMRo, and CBF decreased to 84
and 86 per cent of the value before thio-
pental, respectively. Thereafter, the mean
CMRo; and CBF decreased progressively.
At 120 minutes of thiopental infusion (level
V) the mean CMRo; and CBF decreased
to 58 and :59 per cent of the value before
thiopental, respectively.

The effect of sciatic nerve stimulation on
cerebral metabolism and circulation during
thiopental ariesthesia is summarized in the
Table I, I, I, ¥ and V. The time
course of the per cent control of CMRo; and
CBF is shown in Fig. 3. Representative
EEG patterns are shown in Fig. 4. At level
I the mean CMRo; and CBF increased to
110 and 107 per cent of control during the
stimulation, respectively. With stimulation
the EEG was highly activated, thereafter
displaying little tendency to return -to the
control pattern. At level [ the CMRo; and
CBF increased significantly at the first two
and first minute, respectively, and then
returned to the control level. The EEG
initially showed an activated pattern but
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Fig. 4 Representative EEG patterns, 1 and 5 min,

at five different levels.

respectively after the start of stimulation
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Table I Effects of sciatic nerve stimulation on cerebral circulation and metabolism
during thiopental anesthesia (Level I)

Time after | pap CBF CVR  CMRo
(min) (torr) (ml/100g/min) | (torr/ml/100g/min) | (ml/100g/ min)
Control 94+5 50.3 +2.7 1.93 £0.15 5.04 +0.20
1 967 56.3*+£3.0 1. 74*%4£0.15 5. 76%+0. 23
2 9445 55.1%£2.9 _ 1.77%40. 14 5. 46%+0.17
3 9244 54. 2%4:3.0 1. 76*%+0. 14 5.57*+0. 20
4 91+4 52.6%+£2.9 1.79%4-0. 15 5.42*%+0.19
5 91+5 51.9 +£3.1 ' 1.82 +£0.15 5.50*%+0. 21
Mean+SE

* Significantly different from control (P<C0.05)

Table I Effects of sciatic nerve stimulation on cerebral circulation and metabolism
during thiopental anesthesia (Level 1)

Time after | prap CBF CVR CMRo
s (rrlllin) 0 (torr) (ml/100g/min) | (torr/ml/100g/min) (ml/100g/min)
Control 91 +4 44.4 £2.8 2.12 £0.14 4,59 +0.18
1 85*%+5 47.6%+3.3 1. 87*40. 16 4. 85%£0. 22
2 87 +4-° 46.3 +£3.3 1. 96%40. 15 4.84*+£0.24
3 86*+4 45.4 +£3.3 1, 98*+0. 16 4.72 +0.23
4 85%+4 44,4 £3.2 2.00%40. 16 4.71 +£0.24
5 85%+4 44.1 £3.3 2.01 £0.16 4.73 +0.24
Mean=+SE

* Significantly different from control (P<C0. 05)

Table [l Effects of sciatic nerve stimulation on cerebral circulation and metabolism
during thiopental anesthesia (Level I[)

Time after l
et o MAP CBF CVR CMRo:
stu(nnlllili‘gmn (torr) (ml/100g/min) | (torr/ml/100g/min) | (ml/100g/min)
Control 88 +4 38.2+2.9 2.42 £0.21 4.09+0.19

1 T4*+5 38.5+2.9 2.04*+0, 22 4,13+0.20
2 79*+5 38.0+3.0 2.19%4+0. 23 4.13+0.21
3 78*+5 37.8£3.0 2.18*+0.23 4,17+0.21
4 TT*+6 37.5+3.0 2.17*%+0. 22 4.13+0.20
5 TT*E5 37.4+2.9 2.18%+0.23 4.12+0.17

Mean£SE

* Significantly different from control (P<C0.05)
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Table [V Effects of sciatic nerve stimulation on cerebral circulation and metabolism

during thiopental anesthesia (Level V)

Time after
ime af MAP CBF CVR CMRo
S“g‘r‘;i‘g;“’n (tor) | (ml/100g/min) | (torr/ml/100g/min) |  (ml/100g/min)
Control 88 +4 36,13, 2 2,60 +0.24 3.7140. 14
1 73%+ 4 36,343, 4 2, 21%+0, 24 3.76+0.15
2 774 35743, 4 2,33%+£0. 23 3.720.16
3 78%+4 35.7+3.3 2,33%+0, 23 3.7240.15
4 Tr*44 35.7+3.3 2,32%+0, 23 3.73+0. 14
5 6%+ 4 35.24+3.3 2,82%:0, 22 3,740, 14
Mean+SE

* Significantly different from control (P<C0.05)

Table V Effects of sciatic nerve stimulation on cerebral circulation and metabolism

during thiopental anesthesia (Level V)

Time after J” 777#
ime af MAP CBF CVR CMRo
S“‘(T,‘,‘filﬁﬁm" (torr) | (ml/100g/min) | (torr/ml/100g/min) | (ml/100g/ min)
Control 84 +14 34.4+3.1 2.63 =0.25 3. 46+0. 12
1 6% 4 33.543.0 2, 41%:0, 24 3.48+0.13
2 T4 33.7+3.1 2, 44%0, 25 3.4940.12
3 76%+ 4 33.8+3.1 2, 4940, 25 3,520, 12
4 7745 33.8+3.0 2, 45% 0. 26 3,500, 12
5 78%:45 33.7£3.0 2.46 £0.25 | 3.50-0.12
Mean=+SE

* Significantly different from‘control (P<0. 05)

tended toward the control pattern at the end
of stimulation. At levels I, IVand Vthe EEG,
CMRo. and CBF were unaffected by the
stimulation.

Discussion

The present study clearly indicates a dose-
dependent reduction of CMRo, (as a reflec-
tion of metabolism) and CBF with incre-
asing dose of thiopental. The EEG (as a
reflection of function) slowing was accom-
panied by a parallel reduction of CMRo;
and CBF, suggesting that CBF met the
oxygen demand of the cerebral hemispheres.
Stullken et al® reported that with infusion

of thiopental at 23 mg/kg/hour for 2 hours,
CMRo. decreased to about 60 per cent of
control. The magnitude of decrease in CM-
Ro; in the present study is in good agree-
ment with their work. Although it is dif-
ficult to compare the anesthetic potency of
thiopental with inhalational anesthetics, the
magnitude of decrease in CMRo, produced
by thiopental is marked when compared
with inhalational anesthetics. At 1 minimum
alveolar concentration (MAC) of halothane,
methoxyflurane and enflurane, the decrease
in CMRo; is 13,22 and 17 per cent, respec-
tively®. It has been reported that the anes-
thetic level at plasma thiopental concentra-
tion of 39 to 42 ug/ml is equivalent to that
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produced by 1 MAC of inhalational agentsin
man®. There is no reason to assume that a
plasma thiopental level equivalent to 1 MAC
of inhalational anesthetics in man is largely
different from that in the dog since MACs
are close to those in. man. In this study
CMRo; decreased 38 and 42 per cent of the
value before thiopental at plasma thiopental
concentrations of 4246 and 49 +6 ug/ml, res-
pectively. Thus, thiopental is potent cerebral
metabolic depressant and if this result is
applicable to man, it can be said that bar-
biturate at a dose sufficient to produce
burst suppression produces a marked decre-
ase in CMRo; which is not easily obtained
with inhalational anesthetics.

‘The present study indicates the presence
of coupling between the EEG and CMRo;
during thiopental anesthesia. The EEG acti-
vation by sciatic nerve stimulation was
consistently accompanied by an increase in
CMRo; during thiopental anesthesia. Furth-
ermore, the individual time course of the
changes in CMRo, was closely related to
that of the EEG patterns, and there was a
coupling between EEG, CMRo; and CBF at
all anesthtetic levels. The author had antici-
pated an EEG activation even during deep
thiopental anesthesia (level IV and V), since
barbiturates are known to be less potent in
blocking noxious stimuli!®. However, cere-
bral metabolic and circulatory responses to
electrical stimulation of the peripheral nerve
rapidly became with increasing
dose of thiopental.

Meyer et al'V reported no significant
change in the EEG, CMRo, and CBF dur-
ing stimulation -of the femoral nerve in two
anesthetized monkeys. Unfortunately, the
inexact nature of their reported anesthetic
conditions and the differences in metho-
dology make detailed comparison difficult.
Langfitt and Kassell'”? reported that stimu-
lation of the brainstem invariably altered
the EEG pattern and produced an increase
in CBF without a change in blood pressure

minimal

in five  cord-sectioned monkeys anesthetized
with pentobarbital. They concluded that
the most likely explanation for the cerebral
vasodilation was a neurogenic mechanism
because of the very short time between
stimulation and response. However, they
did not measure CMRo;, making examina-
tion of the relationship between CMRo.
and CBF impossible. Recent studies have
emphasized that regional changes in CBF
are related to the functional state of the
awake brain®!®. In rabbits anesthetized with
chloralose and urethane, Anderson et al'¥
reported that increased CBF due to sciatic
nerve stimulation paralleled an increase in
local metabolism, and that the
CBF was independent of the change in
MAP, since sciatic nerve stimulation resulted
in a decrease in MAP. The parallel change
in CMRo; and CBF in the present study
suggests that cerebral vasodilatation occurs
in response to demand for oxygen during
increased neuronal activities. Kuramoto and
his associates® studied modification of the
relationship  between the EEG, cerebral
metabolism and blood flow by sciaticn nerve
stimulation during various anesthesia. During
halothane anesthesia, sciatic nerve stimula-
tion produced a striking increase in CBF
even at the stage where no EEG and CMRo,
responses ‘were seen. In contrast, with
morphine, which is a mild cerebral vasocon-
strictor, there was a coupling between
CMRo; and CBF during stimulation. They
suggested that coupling between CMRo, and
CBF may be related to the cerebral vascular
effects of individual anesthetics, and appears
to be dependent on whether a specific drug
dilates or constricts cerebral vessels. The
present study supports their suggestion, sin-
ce thiopental is known to be a potent cere-
bral vasoconstrictor.

In the present study, the mean MAP
decreased with stimulation at levels I, 1,
IVand V. Such.a decrease in MAP was also
observed during sciatic nerve stimulation

increase in



48 Miyauchi, Y.

under deep halothane or methoxyflurane
anesthesia®. However, during light halothane,
methoxyflurane and morphine anesthesia,
MAP increased with peripheral stimulation
®, This suggests that individual effects of
anesthetics on vasomotor response to peri-
pheral stimulation may be variable.

It is well known that in neurosurgical
anesthesia, an increase in CBF may be
harmful, especially for the patient who alre-
ady has an increased intracranial pressure!®.
In this respect, thiopental does not cause a
striking increase in CBF with peripheral
stimulation as seen in halothane, and hence
seems to be a suitable agent for the patient
with increased intracranial pressure. In
summary, during thiopental anesthesia there
was tight coupling between the EEG, CMRo;
and CBF. At the EEG stage of burst
suppression, there was no cerebral metabolic
and circulatory responses to peripheral sti-
mulation in the dog. ‘

The author greatfully acknoweledges the
suggestion and encouragement of Prof. H.
Takeshita, Department of Anesthesiology.
(This work is a thesis for the Graduate
School of Medicine, Yamaguchi University.)
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