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ABSTRACT

This study was done to evaluate cerebral oxygenation in dogs under general anaesthesia with
combined hyperventilation and hypotension. Cerebral and muscle oxygen tensions. cere-
brospinal fluid lactate, pyruvate. and creatine phosphokinase (CPK) were measured to test for
cerebral hypoxia.

Twenty dogs were anaesthetized with thiopentane Smg-kg™' and their tracheae were
intubated. Anaesthesia was maintained with nitrous oxide and oxygen (50/50), halothanc 0.5
per cent, pancuronium 0.1 mg- kg~! per -2 hours and ventilation was controlled. Five dogs
were maintained at normocapnia and normotension, five dogs were hyperventilated to Pacy,
3.33kPa (25 mm Hg) while blood pressure was kept at baseline levels (hyperventilation
alone), and 10 dogs were hyperventilated to Paco, 3.33 kPa (25 mm Hg) foltowed by deliberate
hypotension to a mean arterial pressurc of 6.65 kPa (50 mm Hg) with the use of nitroprusside
and halothane (combined hyperventilation and hypotension).

Cerebrospinal fluid lactate increased significantly from control during hyperventilation
alone, with an even greater increase to above 4 mmol/l during combined hyperventilation and
hypertension. The incremental rise of lactate with combined hyperventilation and hypoten-
sion was significant at the end of the second hour of hypotension. Cerebrospinal fluid
lactate/pyruvate ratios and CPK increased significantly above control only with combined
hyperventilation and hypotension.

Oxygen tension of muscle and brain decreased from baseline with hyperventilation alone
and decreased further to 2.66 kPa (20 mm Hg) after combined hyperventilation and hypoten-
sion. Good correlation was found between changes in oxygen tension of muscle and brain in
the three groups {r — 0.914, p < 0.05 and r — 0.908, p < 0.05), respectively, for all groups
combined.

Evidence is thus presented that the combination of hyperventilation and hypotension to
accepted levels causes inadequate cerebral oxygen supply in anaesthetized dogs. Although
muscle and brain oxygen tensions reflected the degree of cerebral hypoxia, their usefulness as

clinical monitors is likely to be limited.

EXTENSIVE INTRACRANIAL OPERATIONS, such as
those for large vascular tumors and craniofacial
reconstructions, often call for controlled hyper-
ventilation and deliberate hypotension. These
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anaesthetic adjuncts combine cerebral vaso:
constriction and decreased cerebral perfusion t¢
reduce brain size and produce a drier operative
field for more precise surgical dissection and re-
duced blood loss.!? Hyperventilation anc
hypotension induced separately have beer
shown to decrease brain oxygen tension anc
internal jugular venous oxygen tension and tc
produce electroencephalographic changes as
sociated with unconsciousness.** In addition
brain tissue and cerebrospinal fluid of test ani
mals have shown decreased stores of high energy
phosphate (adenosine triphosphate and creatine
phosphate), and increased lactate levels consis
tent with moderate cerebral hypoxia.$-?

Since maintenance of cerebral blood flow witl
decreased arterial blood pressure is dependent o1
concomittent decrease of cerebral vascular re
sistance, added hyperventilation might interfer.
with compensatory mechanisms, reducing cere
bral oxygenation.®? In addition, the left-shift o
the haemoglobin oxygen dissociation curve in
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duced by hypocapnia and alkalosis resulting from
hyperventilation should reduce cerebral oxygen-
ation further. Previous investigators of the ef-
fects of hypotension on cerebral oxygenation
took care to maintain normocapnia and warned of
the dangers of combining hypotension and
hyperventilation.'*!* Nilsson® induced hypoten-
sion in rats to 3.99 kPa (30 mm Hg) mean arterial
pressure and found that hyperventilation added
to Pacq, of 20mm Hg (2.66 kPa) aggravated the
moderate increase in brain lactate and decrease in
brain energy stores, indicating further reduction
in cerebral blood flow.

It is evident that the combined effects of in-
duced hyperventilation and hypotension on cere-
bral oxygenation might be deleterious and, if
these anaesthetic adjuncts are to be advantage-
ous, carly identification of cerebral hypoxia is
important. Electrocardiographic tracing, periph-
cral arterial and central venous pressures (CVP).
urinary output and arterial blood gas tensions are
all indirect but relatively insensitive measure-
ments of tissue perfusion and oxygenation. It has
been stressed that a significant decline in tissue
oxygenation can occur with normal vital signs
and blood gases.*

This study was done to evaluate cerebral
oxygenation under conditions produced by gen-
eral anaesthesia with combined hyperventilation
and hypotension in dogs. Cerebrospinal fluid
lactate, pyruvate and creatine phosphokinase
(CPK) were used as indicators of the adequacy of
cerebral oxygen supply, and oxygen tension of
brain and muscle were tested as monitors of cere-
bral hypoxia.

METHODS AND MATERIALS

Twenty unmedicated maongrel dogs weighing
10-13 kg were anaesthetized with thiopentone
5mg-kg™! intravenously. After tracheal intuba-
tion anaesthesia was maintained with nitrous
oxide and oxygen (50/50), halothane 0.5 per cent
and pancuronium 0.1 mg-kg~' per 1-2 hours.
Ventilation was controlled. The animals were
placed supine on thermoregulatory blankets to
maintain body temperature near 37° C. End-tidal
gas was sampled continuously through a catheter
passed to the tip of the tracheal tube and carbon
dioxide concentration was measured by an in-
frared analyser (Godart NV Capnograph).
Peripheral venous and arterial cannulae were es-
tablished in the left femoral region. The intraven-
ous line served for maintenance of fluid adminis-
tration with dextrose 3 per cent in sodium

chloride 0.2 per cent solution and for nitroprus-
side infusion during the course of the experiment.
The arterial line provided measurements of mean
arterial pressure and samples for blood gas
analysis.

A flow-directed #7 French Swan-Ganz cathe-
ter with temperature-sensitive lip (Edwards
#702027) was passed into the pulmonary artery
from the right femoral vein for thermodilution
cardiac output measurements (Edwards model
9520 computer). Each cardiac output determina-
tion was done in duplicate with 2 ml of iced saline.
The proximal port of the catheter served for cen-
tral venous pressure measurements and the tem-
perature sensitive tip sensed blood temperature
(Tempg). Temperature was also recorded
peripherally in the right deltoid muscle (Temp,)
with a muscle temperature probe and Yellow
Springs telethermometer. A urethral catheter
was passed into the bladder and the urine volume

was measured in a calibrated collecting system.

Tissue oxygen electrodes (IBC in Vivo tissue
oxygen electrode, #660-001, 1.2 French x 20 cm)
were introduced first through an 18 gauge needle
into the deltoid muscle and then through a burr
hole (1 ¢cm from the midline of the skull and S5cm
caudad to the orbital ridge) 1 cm deep into the
right cerebral hemisphere. through an I8 gauge
blunt-end needle. Muscle and brain oxygen ten-
sion (Pmg, and Pb,,) were recorded continuously
with an 1BC Multipurpose Oxygen Tension
Recorder 145 MP-A. Tissue electrodes were
checked for accuracy before and after each study
with solutions of known oxygen tension (General
Diagnostics, Blood Gas Control Solutions) at
37° C. After completion of each experiment. the
electrodes reliably measured oxygen tension
within £0.266 kPa (+2 mm Hg) of the standard
solutions.

Finally, a percutaneous cisternal puncture was
accomplished with an 18-gauge Tuohy epidural
needle, and an Abbott T-catheter was attached
for cerebrospinal fluid sampling. Cerebrospinal
fluid lactate, pyruvate, and CPK were measured
in samples iced immediately and analyzed on the
day of collection by enzymatic assay.'+15 Cister-
nal cerebrospinal fluid gas analysis was done im-
mediately on samples obtained with glass
syringes, using an IL 113 blood gas analyzer,
calibrated before each determination. Po,, Pco,
and pH of arterial blood and cerebrospinal fluid
were measured with standard Clark and Sever-
inghaus glass electrodes. Bicarbonate values were
computed using the Henderson-Hasselbach
equation, taking into account the difference
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TABLE 1
PROTOCOL

Group I (n = 5)

Group Il (n = §)

Group ITI (n = 10)

Paco, MAP Paco, MAP Paco, MAP
Hour kPa(mmHg) kPa (mmHg) kPa{(mmHg) kPa(mmHg) kPa (mmHg) kPa(mmHg)
1 5.32 (40) 13.3 (100} 5.32 (40) 13.3 (100) 5.32 (40) 13.3 (100)

2 5.32 (40) 13.3 (100) 3.33(25) 13.3 (100) 3.33 (25) 13.3 (100)
3 5.32 (40) 13.3 (100) 3.3325) 13.3 (100) 3.3325) 6.65 (50)
4 5.32 (40) 13.3 (100) 3.33(25) 13.3 (100) 3.33(25) 6.65 (50)
5 5.32 (40) 13.3 (100) 3.33(2% 13.3 (100) 3.33(25) 13.3 (100)
6 5.32 (40) 13.3 (100) 5.32 (40) 13.3 (100) 5.32 (40) 13.3 (100)

between pK and carbon dioxide solubility in
plasma and cerebrospinal fluid.

Continuous readings of end-tidal carbon
dioxide concentration provided information for
coarse adjustment of ventilator settings; blood
gas analysis was used for fine adjustment. After a
one-hour baseline period at Paco, 4.66-5.32 kPa
(35-40 mm Hg) and mean arterial pressure of ap-
proximately 13.3kPa (100 mm Hg) the animals
were randomly assigned to one of three groups
(Table I).

Group I(S5 dogs) (Control)
Pacq, and mean arterial pressure were main-
tained near baseline levels for six hours.

Group H (5 dogs) (Hyperventilation)

Paco, was lowered to 3.33 kPa (25 mm Hg) and
mean arterial pressure was maintained near
baseline levels for four hours. Hyperventilation
was then discontinued and normocapnia and
normotension were maintained for an additional
hour.

Group HI(10 dogs) (Hyperventilation and
Hypotension)

Pago, was lowered to 3.3 kPa (25 mm Hg) for
one hour. Hypotension was then added using
halothane 1.5 per cent and nitroprusside 0.01
per cent infusion, varying the rate to achieve
mean arterial pressure of 6.65 kPa (50 mm Hg).
Nitroprusside dose rate was kept below
10pg-kg™'-min~' and the total dose below
1.0 mg-kg~!. The combination of hypotension
and hyperventilation was maintained for two
hours. Hyperventilation was then continued for
one hour with blood pressure returned to baseline
levels (nitroprusside discontinued, halothane re-
duced to 0.5 per cent). Finally hyperventilation
was discontinued with normocapnia and nor-
motension maintained for one additional hour.

Mean arterial pressure, central venous pres-

sure, Pmg,, Pbg,, Tempy and Tempy were mea-
sured continuously and recorded hourly. Paco,
was measured frequently until the desired level
was reached and remained steady, and then re-
corded hourly. Cardiac index (CI), arterial blood
and cerebrospinal fluid gas analyses, cerebrospi-
nal fluid lactate, pyruvate and CPK were mea-
sured at the end of each hourly segment. Urinary
output was maintained near base-line levels by
varying the rate of infusion of intravenous fluid.

The data are presented as the means with 95
per cent confidence limits calculated from the
range, a highly efficient measure of dispersion
for ten or fewer observations.'® Student’s
t-test was used to compare differences between
group means at the end of each hourly segment.
P < 0.05 was considered significant. Spearman
rank correlation!” was used to determined corre-
lation coefficients and their p values.

RESULTS

Pacq, and mean arterial pressure in all three
groups of dogs are shown in Table II. Pac,, was
maintained in a narrow range near 3.33kPa
(25 mm Hg) during hyperventilation in groups Il
and I1I. Mean arterial pressure remained consis-
tently around 13.3 kPa (100 mm Hg) until deliber-
ate hypotension lowered the blood pressure in the
hyperventilation and hypotension group to a nar-
row range at 6.65 kPa (50 mm Hg).

Cardiocirculatory and temperature changes
monitored during the study period are shown in
Tables III and IV. Although cardiac rate in-
creased significantly from control with combined
hyperventilation and hypotension all other mea-
surements of circulatory adequacy remained near
control levels. Central (Tempy) and peripheral
(Temp,,) temperatures were maintained between
36° and 38° C.

Figure 1 shows the variation in cerebrospinal
fluid lactate, lactate/pyruvate ratio, and CPK in
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TABLE II
Paco, kPa (mmHg) MAP - kPa (mmHg)
Group Group
Hours 1 1 1 1 1I 111

1 5.05 + 0.93 6.12 £ 0.67 5.32 £ 0.67 13,43 +0.93 13.70 + 0.93 13.43 + 0.8
(387 46 + 5) 40 + 5) (101 = 7) (103 + 7) (101 + 6)

2 5.45 + 0.27 3.46% + 0.4 3.33* + 0.4 13.57 + 0.8 13.43 + 0.93 13.57 + 0.8
41 + 2) 26* = 3) 25% + 3) (102 + 6) (101 + 7) (102 £ 6)

3 5.59 4+ 04 3.19*+ 027 333+ 0.4 13.70 + 0.93 14.23 + 0.93 6.65*t + 0.13
@2 + 3) (24* + 2) (25*% + 3) (103 + 7) {107 + 7) (50*t = 1)

4 5.324£0.27 3.33*+0.4 3.33*+04 13.83+093 13.43+ 0.8 6.65*t + 0.13
(40 + 2) (25* + 3) (25% + 3) (04 = 7) (101 + 6) (50*t + 1)

5 5.32 £ 0.27 3.33* £ 0.27 3.59* + 0.27 13.43 + 0.93 13.70 + 0.93 12.37 + 0.8
40 + 2) (25*% + 2) 27 + 2) (ot + 7 03 + 7) 93 £ 6)

6 5.59 + 0.27 5.85 £ 0.53 5.45 + 0.67 13.57 + 0.8 13.57 + 0.8 13.3 £ 0.27
42+ 2 (44 + 4) 41 + 5 (102 + 6) (102 + 6) (100 + 2)

*Significant difference between group and group I (p < 0.05).
TSignificant difference between group 1I and group 111 (p < 0.05).

CsF
L/P

CSF
LACTATE

>

ML

©

Figure I The variation in cerebrospinal fluid lac-
tate, lactate/pyruvate (L/P) ratio, and CPK in all three
groups. Mean values £95% CL. (See text.)

*Significant difference between group and group 1
(p < 0.05).

tSignificant difference between group 1I and group
111 (P < 0.05).

all three groups. Baseline values for all three
groups were similar. Cerebrospinal fluid lactate
increased significantly from control during
hyperventilation alone, with an even greater in-

crease to above 4 mmol/l during combined
hyperventilation and hypotension. The incre-
mental rise of lactate in group Il above group 11
was significant at the end of the second hour of
hypotension. Lactate/pyruvate ratios increased
significantly above control only with combined
hyperventilation and hypotension. Increase in
cerebrospinal fluid lactate and lactate/pyruvate
ratio did not begin to fall in animals with com-
bined hyperventilation and hypotension until
hyperventilation was discontinued.

Hyperventilation alone did not increase CPK
values above the controls (Figure 1). However,
combined hyperventilation and hypotension in-
creased cerebrospinal fluid CPK above both
groups I and II. CPK continued to rise after
hypotension was discontinued and did not begin
to fall until hyperventilation was also discon-
tinued. In the combination of hyperventilation
with hypotension CPK remained significantly
above control one hour after returning to nor-
mocapnia and normotension.

Oxygen tension variations in the arterial blood
(Pay,), cerebrospinal fluid (Pcsfg,), muscle and
brain are shown in Figure 2. Pag, and Pcsf,, re-
mained well above 6.65kPa (50 mm Hg) in all
groups.

Baseline Pmyg, values for all three groups were
similar. Baseline Pb, values for the three groups,
varied greatly, however. Pmy, and Pb,, were
significantly less than control (Group 1) after
three hours of hyperventilation alone and during
combined hyperventilation and hypotension. Po,
in muscle and brain declined to 2.66 kPa (20 mm
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TABLE 1V
INITIAL AND FINAL TEMPERATURE LEVELS IN ALL GrOUPS (MEAN + 957, CL)y*

Initial hour of experiment

Final hour of experiment

1 n 1 1 It 1H
TEMPy 36.7 36.8 36.4 36.5 36.7 36.8
°C +0.5 +0.6 +0.4 +0.5 +0.4 +0.5
TEMPg 36.9 36.8 37.2 36.8 36.8 36.9
°C +0.3 +0.4 +0.3 +0.4 +0.5 +0.5

*Final values not significantly different from initial values within groups; also
no significant difference between TEMPy and TEM Py initial or final values.

PCSFO2

00 PaQ2

FIGURE 2 Oxygen tension variation in the arterial
blood (Pa,,). cerebrospinal fluid (Pcsfy,). muscle
(Pmy,) and brain (Pby,). Mean values £95% CL.. (See
text.)

*Significant difference between group and group [
(p < 0.05). There was no significant difference between
group Il and group I values.

Hg). Tissue Po, in groups II and III returned
towards baseline values after normotension and
normocapnia werc achieved.

Good correlation was found between charges
in Pmy, and Phy, in the three groups (r — 0.959,
p < 0.05). There was good inverse correlation
between Pby,, and cerebrospinal fluid lactate
and CPK (r — 0.914, p < 0.05 and r — 0.908,
p < 0.05, respectively, for all groups combined.

As seen in Table V, cerebrospinal fluid car-
bon dioxide tension remained approximately
0.66 kPa (5mm Hg) higher than Paco, during

hyperventilation. The change in cerebrospinal
fluid carbon dioxide tension and ¢cH* (pH) was
similar in groups Il and I1I. There was no evi-
dence in the cerebrospinal fluid metabolic
acidosis developing during the study period.

DiscussioN

The anaesthetic technique in this experiment
closely approximates that normally used for ex-
tensive intracranial operations at Chicago Chil-
dren’s Memorial Hospital. Paco, was lowered to
3.33 kPa (25 mm Hg) and mean arterial pressure
to 6.65 kPa (50 mm Hg) since these are com-
monly recommended safe levels for neuro-
anaesthesia.?'%!' Halothane was introduced
before as opposed to the customary 10-15 min-
utes after hyperventilation. so that initial mea-
surements could be made at normocapnia with a
control level of halothane. It is our current prac-
tice to induce hypotension with the combination
of halothane and nitroprusside for procedures re-
quiring decreased perfusion pressures for under
two hours. Pentolinium has been the agent of
choice for longer periods of deliberate hypoten-
sion. Nitroprusside was chosen here because it
provides a greater degree of controllability for the
relatively brief duration of hypotension.

Hypotension was readily induced with the
combination of nitroprusside and halothane, and
blood pressure was controlled within a narrow
range near 6.65 kPa (50 mm Hg). None of the
animals required nitroprusside infusion in excess
of the recommended rate or total dose.”

Cerebrospinal Fluid Lactate

Cerebrospinal fluid lactate has been used as an
index of insufficient oxygen supply to the brain.'8
Cerebral hypoxia increases cerebrospinal fluid
lactate by stimulating glycolysis in brain cells.'®
Alkalosis has also been shown to increase cere-
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bral lactate production.'® If alkalosis were the
sole cause for the rise in cerebrospinal fluid lac-
tate in this study, there should be no difference
between levels during hyperventilation alone and
during combined hyperventilation and hypoten-
sion at the same level of alkalosis. However, the
results show an incremental rise in lactate with
hyperventilation and hypotension as compared
to hyperventilation alone, at the same cH* (pH)
of cerebrospinal fluid. This difference was
significant at the end of the second hour of
hypotension. Therefore, at least part of the in-
creased cerebrospinal fluid lactate seen during
combined hyperventilation and hypotension is
likely due to cerebral hypoxia.

Further evidence that the raised cerebrospinal
fluid lactate is due to cerebral hypoxia is provided
by the lactate/pyruvate ratio data. The lac-
tate/pyruvate ratio, an indicator of increased
anacrobic glycolysis,'® was elevated only after
combined hyperventilation and hypotension and
not after hyperventilation alone.

Cerebrospinal Fluid Creatine Phosphokinase

Since several investigators have cautioned
against interpreting increased lactate alone as
conclusive proof of tissue hypoxia!®-?! cerebro-
spinal fluid CPK was also measured to detect
cerebral derangement. Hypoxia causes release of
CPK from damaged cells and increased CPK has
been found in the cerebrospinal fluid in acute
cerebral vascular accidents, encephalitis and
head trauma.?2-24 Cerebrospinal fluid CPK has
several advantages as an index of brain damage,
since it is principally derived from the central
nervous system, does not normally cross the
blood-brain barrier,?* is not found in red blood
cells which may contaminate cerebrospinal fluid
samples,? and appears to be correlated with the
severity of central nervous system damage.??

Cerebrospinal fluid CPK increased to over
three times the control during combined hyper-
ventilation and hypotension, providing further
evidence of cerebral hypoxia. The failure of
cerebrospinal fluid lactate, lactate/pyruvate
ratio, and CPK to fall until after hyperventilation
was discontinued in group 1l animals suggests
that the decreased cerebral oxygen supply re-
sulting from combined hyperventilation and
hypotension continues even after blood pressure
returns to normal, as long as Pacg, remains near
3.33kPa (25 mm Hg).

Tissue Oxygen Tension
Mass spectrometer studies have indicated that

measurements of skeletal muscle gas tensions
should provide an index of peripheral tissue per-
fusion. More specifically, tissue oxygen tensions,
which represent the net balance between oxygen
supply and utilization at the cellular level, should
reflect decreases in blood oxygen content, car-
diac output and/or peripheral perfusion. Furuse,
et al.** have shown that skeletal muscle oxygen
tension provides an excellent direct index of
peripheral perfusion, even small decreases in
cardiac output being rapidly refiected by de-
creased skeletal muscle oxygen tension. Since
this may be measured with fine-gauge oxygen
electrodes which are readily implanted in appro-
priate tissues, we chose to measure cerebral and
muscle oxygen tensions as monitors of hypoxia.
Two further points relative to tissue oxygen
electrodes must be discussed before considering
the results of their use in this study. Although the
electrodes are fine-gauge, they are too large to

measure intracellular oxygen tension. More
likely, levels represent extracellular oxygen ten-

sion. In addition, halothane and nitrous oxide
have been shown to increase oxygen tension re-
cordings of tissue oxygen electrodes in vitro.2¢ If
this effect occurs in vivo, it should be minimized
in this study by the constant level of low-dose
halothane inspired by group 1 and II animals; and
even with the higher halothane concentration
used during hypotension in group III animals the
continued fall in tissue oxygen tension to very
low levels argucs against a significant halothane
effect.

The wide variation in the baseline Pbg, be-
tween the three groups probably represents posi-
tioning of the electrode tip in different areas of the
brain. However, Pby, consistently decreased to
2.66 kPa (20 mm Hg) with combined hyperventi-
lation and hypotension, a level often associated
with central nervous system derangement.*%’
Pby, fell as metabolic evidence of cerebral
hypoxia increased. The good correlation be-
tween the fall in cerebral tissue oxygen tension
and rise in both cerebrospinal fluid lactate and
CPK, indicate that Pby, would be an excellent
monitor of cerebral tissue oxygenation. How-
ever, if the problems associated with Pbg, mea-
surement (such as maintenance of sterility and
avoidance of brain trauma) are taken into consid-
eration, its usefulness as a routine monitor in the
clinical setting will be limited.

The close correlation of Pmg, and Pby, is an
interesting finding, since Pmy, levels could read-
ily be followed in an accessible muscle during a
wide variety of operations. However, it must be
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pointed out that the animals in this study were in
stable cardiocirculatory status. with no evidence
of hypovolaemia that would drastically change
perfusion of the brain relative to muscle. There-
fore, while Pm,, should prove to be an excellent
clinical monitor of peripheral tissue perfusion and
oxygenation, its use as an accurate guide ta cere-
bral oxygenation will depend at least on the
adequacy of circulating blood volume.

Lastly, it is again evident from this study that
cardiac rate, systemic blood pressure. central
venous pressure, urinary output and arterial
blood gas tensions may not indicate the state of
tissue oxygenation.

SUMMARY

This study was done to evaluate cerebral
oxygenation in dogs under conditions produced
by general anaesthesia with combined hyperven-
tilation and hypotension. Cerebral and muscle
lissue oxygen tensions, cerebrospinal fluid lac-
tate, pyruvate, and creatine phosphokinase were
measured to test for cerebral hypoxia.

The evidence presented indicates that the
combination of hyperventilation and hypotension
to commonly accepted levels causes insuffi-
ciency of cerebral oxygen supply in anaes-
thetized dogs. Although muscle and cerebral
oxygen lension measurements reflect the degree
of cerebral hypoxia, their usefulness as clinical
monitors are likely to be limited.
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RESUME

Cette étude a pour objectif I'évaluation de I'oxygénation cérébrale du chien hyperventilé et
hypotendu sous anesthésie générale. La tension en oxygéne cérébral et musculaire, le lactate,
pyruvate et la créatine-phosphokinase (CPK) du liquide céphalo-rachidien ont servis de tests
de mesure de I'hypoxie cérébrale.

Vingt chiens ont été anesthésiés au thiopentone 5 mg- kg™ et intubés. L anesthésie a été
maintenue au protoxyde-oxygene (50/50), a I'halothane 0.5 pour cent et au pancuronium
0.1 mg- kg™ ! pendant une période d’une & deux heures sous ventilation controlée. Cing chiens
ont é1€ maintenus en normocapnic ¢t normotension, cing furcnt hyperventilés a une Paco, de
3.33kPa (25 mmHg) tout en maintenant la pression artérielle & la valeur initiale de base
(hyperventilation seule), et 10 chiens furent hyperventilés a une Pagg,de 3.33 kPa (25 mmHg)
aprés quoi on a produit une hypotension artérielle jusqu'a une valeur moyenne de 6.65 kPa
(50 mmHg) avec du nitroprussiate de soude et de I'halothane (hyperventilation et hypoten-
sion}.

Pendant I’hyperventilation seule, le lactate céphalo-rachidien a augmenté de fagon
significative comparativement au contrdle; cette augmentation s’est accrue jusqu'a plus de
4 mmol/l lorsque 1'hyperventilation a été assaciée a I'hypotension. Cet accroissement pro-
gressif du lactate lors de |'association hyperventilation-hypotension a été significative a Ia fin
de la deuxiéme heure d'hypotension. Le rapport lactate-pyruvate du liquide céphalo-
rachidien et la CPK n’ont augmenté de fagon significative que lors de I'association
hyperventilation-hypotension.

La tension en oxygéne du muscle et du cerveau a diminué comparativement a la valeur
initiale de base de fagon significative avec I'hyperventilation seule, alors que la chute attei-
gnait 2.66 kPa (20 mmHg) avec 'association hyperventilation-hypotension. On a trouvé une
bonne corrélation entre les changements de tension en oxygéne musculairee et cérébral pour
les trois groupes (r — 0.914, p< 0.05 et r — 0.908, p < 0.05) respectivement et pour tous les
groupes réunis.

Ces données prouvent que I'association hyperventilation-hypotension a des niveaux
généralement acceptés cause une insuffisance de I'apport d’oxygene cérébral chez le chien
anesthésié. Bien que les tensions en oxygéne du muscle et du cerveau réfletent le degré
d’hypoxie, leur utilité comme moniteurs clinigue est probablement limitée.



