THE EFFECTS OF CARBON DIOXIDE ON THE CEREBRAL CIRCULATION

Lotis Soxorory, M.D,

Cannox dioxide has long been suspected of
a special role in the regulation of the cerebral
circulation.  In 1890, Roy and Sherrington *°
in a discussion of the “regulation of the blood
supply of the brain” stated, . . . the chemi-
cal products of cerebral metabolism contained
in the lymph which bathes the walls of the
arterioles of the brain can cause variations
of the calibre of the cerebral vessels . ..
in this re-uction the brain possesses an in-
trinsic mechanism by which its vascular sup-
ply can be varied locally in correspondence
with local variations of functional activity.”
Almost all subsequent work has tended to
confirm the remarkable insight of this hy-
pothesis. and because of its potent tonic action
on the cerebral vessels. CO, has come to be
considered the metabolic product chiefly re-
sponsible for this regulation. s 1 + 61, 62,70

Errects or Canrsox Dioxive oN CEREBRAL
CincrrLaTioN IN Nomryatn Max

1t is generally agreed that CO, exerts more
powerful effects on the cerebral circulation
than any other means of physiological or
pharmacological  significance.}% 31, 3% ¢, 61, 70
The quantitative effects of CO, on the cerebral
circulation are best described by the studies
in man using the nitrous oside technique 33
and its modifications.s™ ¥4 The results of
some of these studies 15 1+ 4588 are sum-
marized in table 1.

Effects of Increased Arerial Peo,. The
original observations by Kety and Schmidt 3¢
of an approximately 75 per cent rise in cere-
bral blood flow and a comparable fall in cere-
bral vascular resistance during the inhalation
of 5 to 7 per cent CO, in room air have been
amply confirmed in normal human subjects
both young 7 and elderly ¢ (table 1). In-
spired air concentrations of 5 per cent CO,
raises cerebral blood flow approximately 30 per
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cent 2597 7 per cent CO,, the concentratica
with approximately maximal effects on pulmi-
nary ventilation and arterial blood pressure,
more than doubles cerebral blood flow, 38 14, 5
Whether 7 per cent CO, also produces maxim .l
cerebral circulatory changes is uncertain, for 1o
reliable comparative gquantitative studies have
been carried out in man with higher concentra-
tions.  Gibbs and co-workers 2! found that 10
per cent CO, also doubles cerebral blood flow,
hut the method employed in these studies wus
the dye dilution technigue with unilateral in-
ternal jugular venous sampling, a method sub-
ject to serious error.®®

Recent studies by Patterson and his associ-
ates ¥ indicate that the cerebrovascular re-
sponse to inereased carbon dioxide is a thresh-
old phenomenon. In normal human subjects
the inhalation of 2.5 per cent CO, in room
air fails to alter cerebral blood flow, but 3.5
per eent CO, produces a significant increase
of about 10 per cent.’™ At this concentration
pressor effects of carbon dioxide are absent.
and the inereased blood flow results only from
a dilatation of the cerebral ves: The
threshold in man for cerebral vas diluta-
tion lies, therefore, between these two inspired
air concentrations and has been estimated **
to correspond to an approximately .5 mm. of
mercury change in arterial Pey,,.  This thresh-
old is somewhat higher than the one observed
by Nocll and Schneider ¥ in - anesthetized
dogs; in this preparation a 2 mm. of mercury
change in arterial P, was sufficient to alter
the aiteriovenous oxvgen difference by an
amount indicative of an 8§ to 10 per cent
change in cerebral blood flow.

Effects of Decreased Arterial Peg,.  The
carbon dioxide normally present in the blood
vasodilator action on  th:
cerebral blood vessels, and a fall in arteric]
Py, normally results in cerebral vasoconstric-
tion and reduced cerebral blood flow  (tabl»
1). Iu the studies of Kety and Schmidt, ¢
for example, a reduction in arterial Peg, fron
45 to 26 mm. of mercury by means of activ:

exerts a tonic
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TABLE 1

Errects or ALTERED ARTERIAL Broon CO: Texstox ox Crrennanl CrreCrLaTioN v Max

Clinieal State

Enspired Air

varmals and convaleseent
rials and convalescent
i ing nor

i Young norms
| Normotensiv
, ul

COsin roum air

ssentinl bypertension

Youns norats
Normotensive eldrrly
Hypertensive elderly

Hyperventilation in
room nir

12 = Fxperitmental.

or ssive  hyperventilation  was  associated
with a decline in cerebral blood flow to about
63 per cent of the control level and an even
greater rise in cercbral vaseular resistance.
The cerebral blood flow at this low level of
arterial P, was close to the eritical value
below which syncope occurs,’™ and, indeed,
mental  signs and  svmptoms  of  cerebral
ischemia were present.  As discussed below,
there is evidence to indicate that there are
limits below which increasing hypocapnia can
no longer decrease  the cerebral  blood
flow 1916, yltimately the cerebral vasodilator
action of the low tissue oxygen tension caused
v the cerebral ischemia becomes so great as
‘o block the effects of any further decrease in

»
0

Time Conrse of Carbon Dioxide Effects.
The studies cited above on the effects of al-
“ered arterial Pegy, on cerebral blood flow were
! performed during the steady state following
everal minutes of equilibration with the ex-
serimental respiratory conditons. By means
f the Kr'® methad, which pennits continuaus
ninute-by-minute  measurement  of  cerebral
slood flow in man, Lewis and his co-workers 4
1ve been able to follow the cerebral circula-
ory chunges occurring in the first few minutes
mmediately following the onset of either €O,
nhalation or hyperventilation.  Their results
we graphically illustrated in figure 1. It is
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seen that 7 per cent CQ, produces slight but
detectable changes in cerebral blood flow with-
in the first minute following the onset of its
inhalation; cerebral blood flow then rises rap-
idlv and continues to rise even after 4 minutes
of inhalation.  Similarly, hyperventilation in
room air at a rate of 30 liters per minute, or
about three times the control level, is only
slightly less rapid in producing an effect. A
reduction in cerebral blood flow is first de-
tected after about 1.3 minutes of such hyper-
ventilation, but, thercalter, the blood flow de-
clines rapidly, almost linearly with time, and is
still falling after 6 minutes of hyperventilation.
Since most of the lateney in the above re-
sponses can be attributed to the approximately
one minnte resolution time of the method, it can
be concluded that the reactivity of the cerebral
circulation to altered arterial Py, is prompt,
almost immediate; the delay in achieving a
steady state reflects the time required for the
alveolar and arterial Py, to reach their equi-
librium value.

Errecrs or Carsox Dioxibe oN Locar

CenesraL. BLoon Frow

Blood flow differs considerably in the vari-
ons component structures of the brain,® and
Incal differences in physiological and pharmaco-
logical responses are often observed.’™  Meth-
ods for the measurement of local human cere-
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Fic. 1. Time course of changes in cerebral blood flow in response to alterations in arterial

Peos. A, two studies during the inhalation of

7 per cent CO; B, during hyperventilation of

room air at a rate of approximatcly 30 liters per minute [from Lewis, et al.13].

bral blood flow are not yet available, but Kety
and his associates 1732 38 have recently devel-
oped a technique for the simultaneous quan-
titative determination of blood flow in, at least,
28 structures of the cat brain. Hansen and
his co-workers 17+ 24 have studied the effects of
CO, inhalation in unanesthetized cats by means
of this technique. Although there were quan-
titative differences in response in the various
areas, all structures studied revealed increases
in blood flow. The increases were somewhat
greater in gray matter than in white matter.
For example, the average responses to 5 per
cent CO, were +67 per cent in gray matter
and 454 per cent in white matter; 10 per cent
CO, caused considerably greater increases in
both types of tissues, particularly the gray
matter.

Errects or Cansox Dioxipe oN CEREBRAL
MeTasoric RaTe

Carbon dioxide is known to alter central
nervous system functions.'® #2543 The pro-
longed breathing of 10 per cent or even Jower
concentrations of CO, can depress the central
nervous system and may result in unconscious-
ness. Higher concentrations of CO, may cause
convulsions. Measurements of cerebral meta-
bolic rate during CO, induced unconsciousness
or convulsive seizures have not been reported,
but it is likely that it would be found to be
altered in these conditions. Cerebral oxygen
consumption is reduced in all pathological

states of unconsciousness thus far studied,
and increased cerebral oxvgen consumption has
been observed in convulsions induced by elec-
trical stimulation and a variety of drugs.s-*
%, 61 In the absence of these gross functional
disturbanees, changes in the P, of the blood
and cerebral tissues still have profound effects
on the EEG,' % 43 but they do not then ap-
pear to affect cerebral oxygen consumption.
In numerous studies in man on the effects of
the inhalation of 2.5 to 7 per cent CO, 15 1425
5, 47, 4% g significant changes in cerebral meta-
bolic rate have been observed.  Gibbs and co-
workers 2t have reported that 10 per cent CO,
reduces human cerebral oxygen consumption,
but the method employed by them was the dye
dilution technique with unilateral internal jugu-
Jar venous sampling, and this method has been
found to have doubtful reliability.* Kety and
Schmidt,® emploving the nitrous oxide method,
found increases in cerebral oxygen consump-
tion during active hyperventilation, but the
significance of this finding is uncertain since
the same degree of hypocapnia produced by
passive hyperventilation had no such effect.*
Also, others have failed to observe any effects
on cerebral metabolic rate during comparable
degrees of voluntary hyperventilation. !+ *

MECHANISM OF ACTION

Changes in arterial blood pressure frequently
accompany the effects of altered arterial Py,
on the cerebral circulation {table 1), but these
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Janges are often absent or in the opposite
virection and never of sufficient magnitude to
oxplain the effects. Carbon  dioxide  alters
cerebral Dlood flow almost entirely by its ac-
tion on the cerebrovascular resistance (table
2}, Of the various factors which contribute
io this function, only two are appreciably in-
tiwenced by carbon dioxide.  One, the intra-
cranial pressure, is raised by carbon dioxide,*- #
4 change which would increase rather than
lower cercbrovascular resistance.  The other,
the diameter, of the cerebral vessels. must.
therefore, be decreased, and indeed active
dilatation of pial vessels by CO, and constric-
tion by hyperventilation have been direetly
visualized.®» 7t The rise in intracranial pres-
sure caused by CO, inhalation is sccondary to
the effects of the cerebral vasodilatation, for
example, inereases in the blood content.™s vol-
ume, % and blood flow #1252 of the brain,

Neurogenic meehanisms do not appear to be
involved in the cerebral vasodilator response
to carbon dioxide.  Spinal transection. decere-
bration, scction of the sixth, seventh, and
cighth cranial nerves, and cervieal sympathee-
tomy, operations which interrupt all known
vasomotor pathways to the cerehral vessels,
do not prevent the rise in cerebral bloed flow
caused by CO, administration.™  Local vaso-
dilator reflexes of the axon type would not be
interrupted by these procedures, Imt there is
no evidence that carbon dioside is capable of
activating axon reflexes in any vascular bed.
Furthermore, CO, administration causes simul-
tancously  with the increased cerebral blood
How a depression of the cirealation in the ex-
tracranial ** and peripheral tissues '
4 reduction in blood P, by hyperventilation
loes the apposite.® 22 8= 5% Following inter-
uption of their vasomotor innervations, how-
wer, these other vaseular beds respond to CO,
~xactly like the cerebral circulation, '™ 63
The fact that the cerebral vessels normally re-
pond to CO, like other vascular beds do only
ifter denervation is further evidence that the
20, cffect on the cerebral vessels is not medi-
tted by nervous mechanisms but is a direct
1etion on the smooth muscle of the vessel walls.
Indeed. isolated strips of carotid artery have
heen observed to dilate when CO, s dissolved
in the Ringer solution in which they are im-
mersed.?
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The question is frequently raised whether
the action of CO, on the cerebral circulation
might not be explained by its effeet on pH,
particularly since acids have been reported to
dilate ¥ 1% 5% 70 and alkalis to constrict 1% ¥
»2.71 the cerebral vessels.  The effects of pH

are, however, weak and inconstant compared
to those of carbon dioxide.  Furthermore, there
have been observations of decreases in cerebral
blood flow caused by acids

and increases
caused by alkalis Such contrary effects
might be expected in partially compensated
metabolic acidosis or alkalosis in which, if the
actions of CO, and pH are truly independent,
their effects on the cerebral cireulation conflict.
There is then acidosis with decreased blood
Py, or alkalosis with increased Py, and de-
pending on the degree of acidosis or alkalosis
and the extent of compensation. either pH or
Py, may dominate. It is only in respiratory
acidosis and alkalosis that the effects of the
changes in pH and Py, on the cerebral cireula-
tion angment cach other.  Schieve and Wil-
son ** have studied carefully the effects of ex-
perimental metabolic acidosis and alkalosis on
the cerebral circulation in man.  Their results
clearly dissociate the actions of CO, from those
of pH. more or less prove that the CO, effects
are not indirectly mediated through changes in
pH, and demonstrate that within blood pH
ranges not two distant from normal, P(‘“_, is a
more potent regulator of cerebrovascular tone
than pH.

Tre RoLk oF Carsox Dioxine 1x THE NORMAL
ReceraTtion oF THE CEResRaL CIRCULATION

Since CO, is constantly being produced by
the metabolism of the brain and removed by
its circulation, the changes in cerebral blood
flow induced by altered blood P, are in a
direction tending to maintain a constancy of
the tissue Peg,.  Thus, increased arterial Peg,
results in an increased blood flow which tends
to remove the CO, produced by metabolism
more rapidly from the tissues; reduced arterial
P, does the opposite.  The efficacy of this
homeostatic mechanism is evident in the changes
observed in the Py, of the cerebral venous
blood, which reflects more closely than arterial
blood the conditions in the cerebral tissues.® 12
.82 Alterations in arterial Pr,,. produced either
by CO, inhalation or hyperventilation, are
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greatly damped and only partially reflected in
the P, changes in the cerebral venous blood *-
13 hecause of the compensatory effect of the
concomitant changes in cerebral blood flow.,
A mechanism which regulates Dlood flow so
as to maintain homeostasis in the tissues in
regard to CO, would, by virtue of the rela-
tionship between €O, production and meta-
bolic rate, serve also to adjust the blood flow
to the metabolie demands and functional activ-
ity of the tissue. The assumption is made, of
course, that CO, in the surrounding tissues is
just as effective in dilating cerebral vessels as
the CO, in the blood. It was just such a
chemical mechanism mediated by the action
of a metabolite which Roy and Sherrington *°
first proposed for the regulation of cerebral
blood flow. Because its action under normal
circumstances is so much more potent than
that of any other chemical agent, %7 car-
bon dioxide has gained recognition as the
metabolite most prominently involved. 1% 193
seene o Indeed, in the absence of any clear
demonstration of significant neurogenic control
of the cerebral vy A 61, 8270t g

sculature 1 #
this chemical mechanism, the. modulation of
the continuous action of CO, on the cerebral
vessels, which is currently believed to be the
chief means for the normal regulation of the
cerebral circulation. s 1%, 3. s 6tz 20 There
may be conditions in which the effects of CO,
may be superseded by the action of other
chemical factors, such as low oxvgen tension
in anoxia 1* # % gr pH in metabolic acidosis,®?
but under normal eircumstances the influence
of CO, appears to he predominant.

Errects or Cansox Dioxing ox CEREBRAL
CmcuvratioN 1N Variovs PaysioLociean
AND PATHOLOGICAL STATES

Hypoxemia.  There have been numerous
studies on the effects on the cerebral circula-
tion of simultancous alterations in both the
CO. and O, tensions of the blood.!* 26,
2006 Although the threshold of the cercbral
circulatory response to increased CO, may be
reduced when it is combined with a low oxy-
gen content of the inspired air, there is evi-
dence that a cerebral blood flow already in-
creased by hvpoxemia is less altered by changes
in arterial P, than normally. Leonox and
Gibbs #* have found that the combined effects

LOUIS SOKOLOFF
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of high CO, aund low O, contents in the in
spired air are not entirely additive; they ar
less than the sum of their individual action
and, in fact, no greater than that of the in
creased CO Similarly, a given reduc
tion in arterial Py, by means of hyperventila
tion causes a lesser reduction in cerebral blooc
flow during hypoxemia than under norma.
conditions.’ 1 The cerebral  vasodilatation:
already produced by hypoxemia # 20026, 32, 01
71 appears, therefore, to represent @ con.
tributory part of that which would result fron
the raised Py, alone and tends to combat the
vasoconstrictor effect of a reduction in P,
Ond might expect a point of lowered oxygen
tension at which the effects of CO, arc
negligible.  Indeed, Nocll and Schneider +
have found in dogs that the lower limit of
cerebral blood flow resulting from hypocapnia
oceurs when the cerebral venous Peg, falls to
about 19 mm. of mercury; at this point cerebral
blood flow cannot be further reduced by addi-
tional lowering of arterial Pa, because of the
sodilator effects of the low tissue O, tension,
Evidence for a similar phenomenon has been
obtained in man.?

The relative importance of blood P, and
P, in regulating the cerebral blood flow ap-
pears to vary with the blood tensions of both
gases.  Carbon dioxide becomes progressively
less effective as the blood Py, deviates more
and more from the normal level.'s  On the
other hand, at clevated, normal, or even
slightly reduced levels of blood Py,. oxygen
has relatively negligible effects compared to
those of CO,.. Courtice ® has found in chlo-
ralosed cats that the breathing of low O, mix-
tures does |

alone.

not increase cerebral blood flow
until the concentration in the inspired air is
reduced below 15 per cent.  With increasing
hypoxemia, the effectiveness of reduced oxy-
gen tension increases progressively.® and the
relative importance of O, and CO, undergoes
a gradual reversal. For example, the breath-
ing of 10 per cent O, results in considerable
increases in cerebral blood flow despite the
hypocapnia resulting from the associated hy-
perventilation.®  Ultimately. at a eritical level
of hypoxemia,™ the influence of O, is para-
mount and that of CO, negligible.  In the tran-
sitional zone between mild and extreme hy-
poxemia, cerebral blood flow is adjusted by
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tae blood and brain tensions of both gases,
S its level is determined more or less by
their net cffect,
s orts the view expressed by Gibbs and his co-
veorkers ¥ 2t that cerebral blood flow is nor-
amally regulated chiefly by carbon dioxide to
ntain  homeosta regards brain tissue
1 similar homeostatic mechanism for oxy-
cen exists, but it is primarily an emergeney one
that beeomes important only when adegnate
oxygenation of the brain is threatened.

Increased Blood Py, The action of CO, on
the cerebral eirculation is altered very little, if
at alll by elevated blood P,..* This is prob-
ably because of the relatively weak cerebral
vasoconstrictor effeet of increased oxygen.? 3%
“iz8i The combination of high O, and high
€0, concentrations in inspired air so frequently
employed  elinically js. therefore, associated
with almost the same degree of augmentation
of the cerebral blood flow as obtained with
increased CO, alone.

Acidosis and Alkalosis.  Acids dilate cerebral
vessels,15 1 and cerchral vessels already
dilated in acidosis might be expected. as in
hypoxemia, to be less responsive to change in
the Py, of the blood.  With severe enough
acidosis, the vasodilator effect may be sufficient
to supersede the vasoconstrictor effects of even
pronounced reductions in the arterial Peq,. ™
Conversely, in metabolic acidosis a compensa-
tory reduction in blood P, may be sufficient
to overcome the effects of low pIl and cause
cerebral vasoconstriction: in such circumstances
the administration of 5 per cent CO, in the
inspired air has been found to be as effective
as normally in inereasing the cerebral blood
flow.*  Normal cerebral circulatory responses
to CO, have also been observed in metabolie
alkalosis induced by bicarbonate infusions.”

Anesthesia. Except for thiopental, there are
almost no reliable data available on the cffects
of general anestheties on the cerebral circula-
tion."t  In thiopental anesthesia *6 9 there ap-
pears to be a slight but significant decrease in
the responsiveness of the cerebral circulation
to the administration of CO, in the inspired
air.  However, arterial Py, is frequently al-
ready elevated during deep thiopental anesthe-
sia beeanse of the respiratory depression 57 &
and the reduced reactivity to additional CO,
may reflect only the deereasing effectiveness of

In general, the evidenee sup-
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the gas as its blood tension deviates further
fronr its normal physiological levels.
The frequent use of passi
during surgical anesthesia raises a relevant
question about the effects of hypocapnia on
the cercbral circulation in that condition.  Al-
though the data are sparse, there is evidence
to suggest that most volatile general anestheties
dilate cerebral vessels.st In the case of diethyl
cther, the effect is almost certain and probably
direet;®1 ™ as regards most other anestheties,
the evidenee is inconclusive, and the cerebral
vasodilatation may be only a sccondary effect
of a respiratory depression produced by the
drug.t  In the anesthetized state achieved by
anesthetic agents which themselves dilate the
cerebral vessels, it is likely that this vasodilator
action would tend to combat the vasoconstric-
tor effects of low Py, and reduce the cerebral
circulatory response to hypocapnia.  Further-
more. the profound reduction in cerebral meta-
bolic rate during anesthesia =7 #- 5% prob-
ably allows the brain to withstand lower levels
of blood flow without damage than under nor-
mal circumstances.  There is an additional
factor which must be considered, however.
Carbon dioxide itself has tonie cffects on the
cerebral tissues, as manifested, for example,
by its actions on the functional activity of the
medullary centers and the electrieal activity of
the cortex; ™2 it is not inconceivable that
prolonged reductions in Prs, may have direct
deleterious effects on the cerebral tissues,
Cerebrovascular Discase. Studies on the
cffects of altered arterial CO, tensions on the
cerebral cireulation of elderly subjects and pa-
tients with vascular disease are summarized in
table 1. The data indicate that the responses
of the cerebral circulation in these patients are.
at least, qualitatively like those in normal young
subjects, but there has heen some disagreement
concerning the quantitative aspeets of these
responses, 1 2330 15, w350 60 There have
been reports that the effects of CO, inhalation
on  cerebrovascular  resistance  and  cerebral
blood flow are in patients with vascular
discase, 13- 11 1t has, in fact, been sug-
gested that the cerebrovascular response to
CO, be employed clinically to evaluate the
relative proportions of functional vasoconstric-
tion and fixed organic narrowing of the cere-
bral vessels 47 or to distinguish between senile

¢ hyperventilation
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dementia arising [rom primary parenchymatons
brain degeneration or from the effeets ol cere-
brovascular discase Other:
[ailed to observe in these conditions any note-
worthy decrease in the cerebral vaseular re-
activity to changes in blood Pey,, in cither
direction 113 11 From a reeent review of
the literature, sen # has concluded  that
cerebrovascular discase may lead to absolute
decreases in the responses of the cerebral ¢
culation to CO.. but because of the high cere-
bral vaseular resistance and Tow cerebral blood
flow normally present in these patients, the
changes clicited by CO, are pereentagewise
cqual to those in normal subjects.

. however, have

ArrricaTions oF THE CEresraL CincurLatony
Ervects or Cansox Dioxio:

Recovery from Anesthesin. Carbon dioxide
is frequently used postoperatively to hasten re-
covery from general anesthesia. It not only
stimulates the respiratory climination of volatile
anestheties. but also clears the anesthetic agent

mare rapidly as a result of the aceele
flow through them.

Protection Against Deleterious Effects of
Hypoxemia on Central Nercous System Fune-
tions. Gibbs and his associates * found the
addition of 5 per cent €O, to the inspired air
to be effective in comteracting the deleterious
effects of low oxyvgen on intellectual Tunctions,
clectroencephalographic tracings. and cerebral
oxvgen tension, In their studies, the breathing
of 6 per cent O, in nitrogen was normally ac-
companied within a few minutes by mental
confusion or unconsciousness, a shift to slow,
high valtage waves in the electroencephalo-
aram, and a marked fall in the O, saturation of
the cerebral venous blood.  The addition of
5 per cent CO, to the inspired air restored the
mental functions and  the  electroencephalo-
graphic tracings to normal and improved the
cerebral venous O, saturation by an amount
equivalent to that achieved by raising the O,
concentration in the inspired air 2 volumes
per cent. Gibbs and his co-workers ¥ suggest
that CO, is beneficial when the inspired air is
Tow in oxvgen because of two major effects:
(1) improvement in oxygenation of the brain
resulting from stimulation of pulmonary ven-
tilation. redistribution of the cardiac output in
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fivor of the brain beciuse of cerebral vaso
dilatation wd peripheral vasoconstriction, o
ashift in the hemoglobin dissociation curve i
the direction favoring unloading of Q, in th
tissues; (2) the maintenance of a near optima
brain tissue Peq,, so essential to normal cere-
bral functions. despite the hyperventilation as-
sociated with the anoxemia,

When anoxemia is complicated by CO, re-
tention, as, for example, du
enforeed rebreathing, the use of CO,
ably contraindicated.  In such cireumstances
the cerebral vessels are already dilited by the
combination of the altered gas tensions, an
the brain P, The addition o
CO, to the inspired air would then have rela-
tively little further beneficial effect on cerebrai
blood flow but might raise the brain tissue
€O, to dangeroushy high and depressant levels,
On the other hand, when cerebral anoxia is
caused by ischemin of the brain, as, for ex-
ample, during circulatory collapse or secondarny
shock. CO, may be beneficial. T these condi-
tions also, the braiu tissue Peg. may be cle-
vated, but only because cerebral bload flow is
inadequate. By dilating cerebral ves
stricting  peripheral — vessels,? 35 3t =018
and Teaving the coronary vessels unchanged. ™
CO, redistributes the cardine output to favor
the brain at the expense of less vital tissies,
It may also combat the arterial hypocapnia re-
sulting from hivperventilation not infrequenthy
seen in second shock, and which., when it
oceurs, further jeopardizes the cireulation to
the brain.  For example, in experimental hem-
orthagic shock in man, Stone and his ass
ciates # found a low cerebral blood How, at-
tributable not enly to the hivpotension, but also
to a moderate hypocapnia secondary to a hy-
perventilation  of unknown  origin. - Mental
functions were also impaired. The administra-

ng asphyxia o
prob

is clevated.

N

tion of morphine depressed the respiration,
restored the arterial Py, and also the cerebral
blood flow toward normal, and caused dramatic
improvement in the mental state. The benefi-
cial effeet of morphine was attributed chiefly
to its action in raising arterial Py, Tt would
be of interest to know if the administration
of CO, alone might have had a similar cffect.

Resistance to Positive G, Carbon dioxide
has been reported to increase the tolerance to
positive radial acceleration =% and  delay
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EFFECTS OF

“olackont.”  Its beneficial effect is probably
1 lated to its peripheral vasoconstrictor sund
cerebral vasodilator actions, thus reducing pe-
v-pheral pooling and distribution of blood and
ading in the maintenance of the cerebral cir-
aitlation under that stress,

SusIMARY

Carbon dioxide occupies @ similar role in
the regulation of the cerebral circulation as in
the control of the respiration.  Its vasodilator
action on the cerebral eirculation is more po-
tent than that of any chemical agent or physio-
logical mechanism yet uncovered. It is ton-
ically active, and changes in the Py, of the
blood or cerebral tissues alter cerebral blood
flow in the manner required to maintain homeo-
stasis with respeet to cerebral tissue Prg..
Since carbon dioxide is a product of cerebral
metabolism, it is, in effect, the chemieal media-
tor of the mechanism postulated by Roy and
Sherrington ** 70 years ago. which adjusts the
blood flow of the cerebral tissues to their
metabolic rate.

Its role is particularly magnified by the ap-
parent absence of any significant degree of
of the cerebral circulation.
This aspect is most obvious in the many
unique features of the pharmacology of the
cerebral  circulation.®  Drugs which  exert
powerful effects on other vascular beds through
ueurogenic mechanisms frequently have either
no effects or entirely independent actions on
the cerebral vessels as a result of their side
«ffects on the CO, tension of the blood.  In-
deed the nature of the effect of CO,, itsclf, on
the cerebral circulation is quite distinet from
s action on most other vascular beds.  The
-elationship  between CO, and the cerebral
rirculation is so intimate and so fundamental
hat ne physiological or pharmacological study
-f the circulation of the brain can be considered
omplete without the simultancous examina-
ion of the effects of the experimental condi-
‘ions on the state of CO, in the blood and
crebral tissues.

nervous  control
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