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The Rate of Oxygen Turnover in Cerebrospinal Fluid

Mark B. Ravin, M.D.*

The changes in Pao., P¥o., and cistenal CSF
Po, were followed in eight goats after abruptly
changing the Flo. from 1.0 to 0.21 during a pe-
riod of constant hyperventilation (Paco, 30 torr).
The half times (ti’s) for oxygen content in the
arterial, venous, and cisternal compartments were
0.57, 1.01, and 3.60 minutes, respectively; the oxy-
gen stores of the CSF were shown to be extremely
labile and limited in nature. (Key words: CSF
oxygen tension; Hypocarbia; Oxygen turnover rate
for arterial, venous and cisternal compartments. )

Ix tHE 26 YEARS since Kety and Schmidt!'
developed a method for measurement of cere-
bral blood flow (CBF), the factors controlling
CBF have been studied extensively*~ How-
ever, we are usually more interested in the
oxygenation of the brain tissue, per se, than in
the CBF. A direct-reading nontraumatic
tissue oxygen electrode would be an ideal
method of measuring cerebral Po,. TUnfortu-
nately, the spatial resolution of oxygen elec-
trodes in current use is such that the absolute
values obtained from cerebral tissue vary
with electrode position relative to blood
vessels, movement, and variations in electrode
pressure.’

An analysis of fluid in equilibrium with
cerebral tissue is one approach to the measure-
ment of brain Po,. After Bering® indicated
that there is a rapid water exchange between
cerebrospinal fluid (CSF) and brain tissue,
Bloor et al.? suggested that the ventricular CSF
Po, approximates the mean oxygen tension of
cerebral tissue.

This study was undertaken to explore the
relutionship between Po, in the cisternal fluid
and Po, in arterial and venous blood during a
period of constant hyperventilation after an
abrupt change of Fio, from 1.0 to 0.21. Goats
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were chosen as the experimental animal since
their respiratory and cerebrovascular responses
to alteration of Paco, are similar to those of
man.$9

Methods

Eight adult, female goats averaging 28 kg in
weight (range 20-36 kg) were anesthetized
with sodium pentobarbital, 15 mg/kg iv. The
trachea of each goat was intubated with a
cuffed endotracheal tube and its ventilation
was controlled with a constant-volume venti-
lator. The goat was paralyzed with an
intravenous drip of 0.1 per cent succinylcholine
in 5 per cent dextrose and water (0.5 mg/ min)
to climinate shivering, muscle movement, and
spontancous respiratory efforf. Approximately
400 ml/hour of Ringer’s lactate solution con-
taining 20 mEq/1 of sodium bicarbonate were
infused intravenously to replace the volume of
sampled fluid and blood and to prevent meta-
bolic acidosis from loss of sodium in the copious
salivary secretions. Esophageal temperature
was maintained within 0.5 C of its initial
value by intermittent use of an electric blanket.

Teflon catheters were inserted into a femoral
and/or carotid artery and the right heart via
the jugular vein to permit blood sampling and
pressure measurement. An 18-gauge spinal
needle was inserted percutaneously into the
cisterna magna.

The goats were hyperventilated with 100
per cent oxygen (15 ml/kg body weight at a
frequency of 16/min) for 90 minutes in prepa-
ration for the study. The absence of any
significant change (less than 2 per cent) in
Paco, or pH. in three successive samples 3
minutes apart indicated that the animal had
achieved a steady state of ventilation. Arterial,
mixed venous, and cisternal CSF samples were
obtained simultancously. The inspired mix-
ture was switched to air, and additional
arterial, venous, and CSF samples were ob-
tained simultancously 1, 2, 3, 10, 20, and 30
minutes after the beginning of breathing air.
Arterial samples were also obtained at 0.5
minutes. Blood samples were drawn into
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Fic. 1. Relationship be-
tween Pao,, cisternal CSF Po,
and P¥o, after changing Fro,
from 1.0 to 0.21. Plotted
points represent mean == SD
of eight goats.
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heparinized syringes and immediately analyzed
for pH, Pco,, and Po, with direct-reading
electrodes. The CSF samples were obtained
anaerobically ; the oxygen electrode was flushed
with deoxygenated saline solution prior to the
introduction of the CSF sample to avoid the
oxygen gradient which exists from air to CSF.
Appropriate nomograms' were used to correct
measured blood gases for animal-electrode
temperature differences.

Blood Po, was corrected for the electrode
blood-gas difference by tonometry at 37 C
using a2 sample of the animal’s bloed.™ A
polypropylene membrane was used to keep the
relationship of electrode response to gas and
blood of the same Po, relatively constant. In
this study, mixed venous oxygen tensions
ranged from 30 to 73 torr, and in this range of
blood Pg, values the gas-blood correction
factor was 1.02 == 0.004 (mean == SE). Hemo-
globin concentration was determined by spec-

: L
E)

trophotometry from the first and last arterial

samples.
Calculations

Hellegers’ nomogram for goats'® was used to
derive hemoglobin oxygen saturation from the
corrected values of measured Po, and pH. The
oxygen content of the blood was caleulated
as (Co,) = (hemoglobin oxygen saturation
X oxygen capacity) -+ (dissolved oxygen):
where dissolved oxygen equals Po, X 0.0031.
The same Bunsen coefficient was used for
cerebrospinal fluid B

During the period of oxygen washout the
changes in Cao,, CVo, and cisternal CSF O,
content were analyzed in terms of the rate at
which each approached its new equilibrium
value. A means of expressing the rate of
change is the half-time, or the time for the
variable in question to achieve 50 per cent of
its overall change, expressed in minutes.
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Results

Blood hemoglobin concentrations averaged
108 £ 1.6 g/100 m! (mean =& SD), with no
significant change between the 0-minute and
30-minute samples (P > 0.10). Esophageal
temperatures averaged 37.8 23 0.9 C and re-
mained stable during the experiment. Arterial
carbon dioxide tensions averaged 30.2 = 5.5
and 32.0% 5.1 torr; pH values averaged
7.52 4 0.04 and 7.51 =& 0.03 after 90 minutes
of ventilation with 100 per cent oxygen and 30
minutes of breathing air, respectively.

Pao, and P¥o, decreased abruptly when the
goat wus switched from oxygen to air breath-
ing, and reached their new equilibrium values
within two to three minutes. The cisternal
CSF Po, deereased gradually in 10 minutes
(fig. 1). The changes in Cao, and C¥o,, as
represented by the hali-times, were found to be
0.57 and 1.01 minutes, respectively, while the
change in Ceino, proceeded more slowly, with
a half-time of 3.6 minutes (fig. 2). Thus, after
a change from an Fio, of 1.0 to an Frg, of 0.21,
arterial cquilibration occurred approximately
twice as fast as that in the venous pool, and
six times as fast as that in the cisternal fluid.

Discussion

Hyperventilation with 100 per cent oxygen
has been shown to produce an increased
cercbral concentration of lactic acid in dogs.®
This paradox of apparent tissue hypoxia caused
by hyperventilation and hyperoxemiu is ex-
plained by: 1) the decreased dissociation of
oxygen from hemoglobin during the alkalosis
that accompanies such hyperventilation; and
2) the limitations of cerebral oxygen transport
imposed by increased cerebrovasculur resist-
ance. It has been suggested’'¢ that cerebral
hypoxia caused by hyperventilation may be
significant during anesthesia.

This study suggests that cerebral tissue
hypoxia, as reflected by cisternal Po,, does not
develop after the mild hypocarbia (Paco, 30
torr) and alkalesis (pH 7.52) accompanying
hyperventilation with 100 per cent oxygen.
Our findings are similar to those of Kety and
Schmidt (Paco, 24 torr)” and Michenfelder
and Theye (Paco, 13 torr),’ who found no
change in cerebral oxygen consumption in
hypocapnic young men and dogs. Recently,
Geha et al.® also examined the effects on CSF
lactate production of nonpulsatile, normo-
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Fic. 2. Plot of calculated tis’s of changes in

oxygen content of arterial blood, venous blood, and
cisternal fluid following change in Fio, from 1.0 to
0.21. Each point represents the mean of eight
sumples.
thermic, high-flow cardiopulmonary bypass in
dogs, and failed to demonstrate cerebral
hypoxia with respiratory alkalosis (Paco, 12-27
torr).

The CSE Po, at any given site is primarily
determined by two factors: 1) the Po, of the
neural tissue in proximity to the CSF which,
in turn, is reflected by the Po, of venous blood
draining that tissue™; and 2) the proximity of
the sampling site to the areas where there is a
direct transfer of oxygen from the arterial
blood to the CSF.1

Contemporary investigators' 132! consider
the oxygen tension of neural tissue to be the
major determinant of CSF Po,, since cerebro-
spinal fluid has been looked upon as an exten-
sion of the extraccllular fluid of cerebral
tissue.’® Factors which affcet cerebral oxygen
tension should, therefore, influence the CSF
Po,. However, due to the direct transfer of
some oxygen from the arterial blood to the
CSF, the latter has a higher Po, than blood
draining from the brain. Therefore, PcsFo, is
probably not an accurate indicator of the Po,
of cerebral tissue.

In fact, the CSF Po, is highest in the
ventricles, and the oxygen tension falls along
a ventriculo-lumbar axis.**15 The ventricular
Po, is higher than the cisternal Po," because
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this oxygen transfer between blood and spinal
fluid takes place mostly at the ventricular level
through the choroid plexus. These structures
are thin mesenchymal webs, extremely vascular
and, because of a high blood flow in relation to
their mass, the blood in their eapillaries r
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Respiration

ALVEOLAR HYPOXIA AND SITE OF PULMONARY VASOCONSTRIC-
TION Pulmonary vasoconstriction secondary to alveolar hypoxia is of much clini-
cal interest. The results of attempts to define the site of change in vascular resist-
ance have been contradictory. The site has been variously ascribed to arteries,
capillaries, and veins; the reason for the discrepancies lies in diffculties inherent in
direct measurement of changes in pulmonary vascular dimensions. The authors
have devised a technique for histologic evaluation of erythrocyte counts in alveolar
capillaries in dog lungs rapidly frozen after perfusion either from artery to vein or
from vein to artery. Changes in the cross-sectional capillary erythrocyte concentra-
tions during the experiment were equated with changes in vascular resistance up-
stream from the capillaries. Capillary erythrocyte concentrations were measured
under zone II conditions in isolated dog lungs rapidly frozen after perfusion from
artery to vein or from vein to artery, following inhalation of normal and hypoxic gas
mixtures and during infusion of serotonin or histamine. Alveolar hypoxia caused a
significant decrease in capillary erythrocyte concentration during forward perfusion,
but no change from control values during reverse perfusion. Serotonin infusion was
followed by a decrease in erythrocyte concentration during forward perfusion, com-
parable to that of hypoxia, and a small but significant decrease during reverse per-
fusion. Histamine produced no change in erythrocyte concentration during for-
ward perfusion, but a large decrease during reverse perfusion. The authors con-
clude that vasoconstriction occurs: a) exclusively in arteries during alveolar hypoxia;
b) predominantly in arteries and to a small extent in veins during serotonin infusion;
¢) exclusively in veins during histamine infusion. The major source of error in
these experiments involved changes in vessel caliber downstream from the collapse
point. When pulmonary arterial pressure exceeds alveolar pressure, but alveo-
lar pressure is greater than pulmonary venous pressure (zone II), increasing ve-
nous pressure will not affect arterial pressure until venous pressure exceeds alveo-
lar pressure. The authors found that the capillary erythrocyte concentration
was greatest when venous pressure exceeded alveolar pressure (zone III). There-
fore, if during forward perfusion with alveolar hypoxia or serotonin infusion the
increase in pulmonary arterial pressure was owing to venoconstriction sufficient
to raise venous pressure ahove alveolar pressure and passive elevation of arterial
pressure, then the capillary erythrocyte concentration should have been greater than
in the control situation (these capillaries are now in zone III rather than zone II).
However, the erythrocyte concentration was considerably less than under control
_conditions, indicating that the increase in pulmonary arterial pressure was the result
of arterial constriction proximal to the capillaries. (Glazier, J. B., and Murray,
J. F.: Sites of Pulmonary Vasomotor Reactivity in the Dog during Alceolar Hypoxia
and Serotonin and Histamine Infusion, J. Clin. Invest. 50: 2550-2558, 1971.)
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