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The Aniesthetist's Effect upon the
Cerebral Arteries

Changes in cerebral blood flow, by whatever
method they are measured, are expressed in
volumetric units, but the control of this volumet-
ric cerebral blood flow must be achieved by
changing the calibre of cerebral vessels.
The small pial arteries on the surface of the

brain are open to inspection at operation and
direct measurements may be made upon them in
experimental animals. The main arterial trunks
at the brain's base cannot be so directly observed
in the intact animal; consequently less is known
about their reactivity to physiological stimuli.
Angiography offers a means of making such
measurements, so that records obtained during
routine anigiograms under anesthesia may be
analysed to illustrate or even throw new light on
the reactions of the arteries to aneesthetic
mancwuvres. As an extension of this method,
angiography may be carried out under controlled
conditions upon experimental animals. The most
important single factor in setting the level of
cerebral blood flow is the arterial CO, tension.

Hyperventilation
The intracranial carotid artery and the main
trunks of the middle cerebral and anterior
cerebral arteries were measured in two groups of
patients (Edmonds-Seal et al. 1967, du Boulay
et al. 1968, 1970, du Boulay 1968) who had
undergone carotid angiography under general

Table I
Effect of controUed respiration in majo. Anaisthesia with halothane

Arterialdiameter (mm)
Middle Anterior MeanPaCO,

Carotid cerebral cerebral (mmHg)
Series 1: 4-1 3-32 3-02 51-6
Spontaneous
breathing
Series2: 4-06 3 03 2-3 30-8
Controlled
respiration

anesthesia in as nearly identical circumstances as
could then be managed, except that in one group
controlled respiration had been instituted at the
beginning of the procedure (Series 2), while the
others were breathing spontaneously (Series 1).
The conditions of anasthesia resulted in a mean
Paco, of 30-8 mmHg (±7 5) for one group and
of 51-6 mmHg (±817) for the other.
When measured, the mean diameters of the

arteries were found to differ as shown in Table 1,
which shows vasoconstriction with controlled
respiration. The difference between the anterior
cerebral arteries of the two groups (30%/) is
clearly significant (P=0)001), the difference
between the middle cerebrals is borderline
(P=Ol) and between the carotids is too small to
be accepted as proved. It was a weakness of this
study that halothane was employed, and it was
difficult to make allowance for the possibly
different concentrations of halothane in patients
artificially ventilated and in those breathing
spontaneously. This part of the work has there-
fore been repeated using nitrous oxide and
oxygen only. The effects of ventilation with
halothane have also been studied in the baboon.
Details of anasthetic and radiological techniques
have been given in Edmonds-Seal et al. (1967)
and du Boulay et al. (1968). In addition to the
methods described there, direct monitoring of
arterial and central venous pressure has been used
in a number of patients using Statham P23 DE
strain gauges.

This subsequent work in man without halo-
thane (Table 2, Series 3 and 4) has confirmed the
previous finding that lowering the Paco, from a
mean of 45 mmHg to about 30 mmHg diminishes
the calibre of the main intracranial arteries,
including the internal carotid.
From this, however, a fresh fact has emerged.

By comparing Series 4 with a third group of
patients (Table 2, Series 5), it has been shown
that those with Paco, below 25 mmHg have
arteries which are not narrower than the group
with Paco, of 25-35 mmHg, but wider. The
statistical significance of the change is shown in
Table 3. Several possible reasons must be
considered.

It is well known that a reduction of Paco2 is
usually accompanied, as in these cases, by a

Table 2
Effect of CO, and blood pressure in man. Nitrous oxide and oxygen only

Arterialdiameter (mm) Mean systolic
Middle Anterior MeanPaCO, bloodpressure

Carotid cerebral cerebral (mmHg) (mmHg)
Series 3: 4-31 3-2 2-83 45 103
Normal PaCO,
Series4: 3X31 2-83 2-09 29-2 128
Low normal PaCO,
Series5: 3-86 3-21 2-49 21-1 104
SubnormalPaCO,
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Table 3
of fia In T-W 2

Percentage changeiinrt er calibre

Changein MkWe Anterior
mcanPaCO, Carotid cerebral cerebral
45-..29-2mmHg Diminish by:

23 (P<0-01) 1 1S (P<'001) 26(P<0-01)
29-2-- 210mmHg Dilate by:

16 (P<0-05) 12 (P<005) 18 (P<002)

lowering of the systemic blood pressure. The
mean systolic blood-pressure of Series 5 patients
was 24 mmHg lower than the mean systolic
pressur of Series 4. In order to-test the possibflty
that the increase in diameter of the mam cerebral
arteries at subnormal level of Paco, may have
been due to the drop in blood pressure, the
results of a series of experiments upon baboons
have been analysed.
Nine experiments were perforned with 3

monkeys (2 Papio doguere of 7 and 10 kg,
I PApio cynocephlus of 6 kg) in which the
Pac, was altered but the blood pressure
remined contant.
The baboons, after tranquillization by phen-

cycidine (2 mg/kg), were anusthetized with an
oxygen-halothane mixture in which both the
propotion of halothane (1-15%) and the mnute
volume of the mixture were kept constant
(uslly 3 1i . The rate and depth of
respiration (also constant) were controled by
means of a Carden Microvent. Arteri and
central venous pressures were continuously
monitored via catheters introduced into the
fenoal artery and vein, using Statham P23 DE
and P23 B% strain gauges.
The common carotid artery was catheterized

by a Seldinger technique with a polythene
(PE 60) catheter with a single end-hole. The
cathoter was continuously perfused with hepari-
niaed normal saline and a series of arteriogams
obtained by injecting 5 ml of urografin (methyl
g_ucamine and sodium diacetyl, diamino-triiodo
benzoic acid) and exposing 8 films at 2 per second
in an AOT flm changer. Focus- and object-film
distances were always the same, namely 108 and
7 cm. The injections were made by a Cordis
pressure injector set at 100 lb/in2.
The arterial CO. tension, pH and Po, were

obtained from samples drawn from the aorta via
the femoral catheter and measured using the
capillary pH electrode (Siggaard Andersen &
Engel 1960) and the Severinghaus-Clark electrode
assembly (Severinghaus & Bradley 1958).

In some experiments the Paco, fell spon-
taneously over a period of about one hour,
providing opportunity for arteriograms at two
levels. In other experiments 150-200 ml/min. of
CO, was added to the inspired gases to raise the
arterial CO, level.

Usually six arteries, occasionally seven and
once four were measured in each e nt.
They were the intracranial carotid, posterior
communicating, posterior cerebral, middle cere-
bral, anterior cerebral (ascending portion),
pericallosal and basilar arteries.
The method of measurement ensured an

unbiased result. Each arteriogram consisted of 8
pictures, at least 4 of which usually showed any
one artery. These pictures were given code
numbers by an assistant, the true numbers being
concealed. They were then shuffled with the
pictures of other arteriograms (also coded) made
during the experiment, and the arteries were
measured at identical positions in all the pictr
using a graticule marked to 0-1 nun. When all the
nmasurements had been made they were re-
assembled into their correct series and for each
arteriogram the mean value of the diffent
measurements of the same artery was tkn. In
human arteriograms two measurements of an
artery made by this method on two pictur after
one injection have been found to vary by a mean
of 143% (+3). In the baboons variations in
arterial diameters from one arteriogram to the
next under constant conditions of Paco, and
blood presure were very small (mean aparent
vasoconstriction 1 '6 %'+l *27).

'The experiments have been divided into two
kinds for comparison:

Series A: Pacol always above 28 mmHg:
Arteriogram 1 Arteriogram 2

Al 28-0 mmIHg rising to 480 Hg
A2 38'4mmHg rising to 52'SmmHg
A3 35'4mmHg rising to 590nHg
A4 48-0nmmHg falling to 33-0mmHg

Series B: Paco, rose from a level lower than
28 mmHg:

Arteriogram 1 Arteriogram 2
Bi 17OnumHg rising to 34'7 mmtHg
B2 127 nmmHg rising to 27'9 mmHg
B3 16-1 mmuHg rising to 35'4mmHg
B4 16'0mmHg rising to 200 mmHg
B5 20'0mmHg rising to 270 mmHg

The results of these experiments may be
presented-in several ways:

(1) In some experiments, all, or nearly all, of the
arteries appear to get larger, so that although the
degree of change in each artery is small, there is
very strong evidence of vasodilatation.
(2) The changes in diameter of smaller degee
may be ignored and reliance placed only on large
and easily recognized alterations. Since the
various arteries differ in their original diameter,
change may be expressed as a percentage and 10%
has been taken as a significant change.
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(3) The mean percentage change between one

arteriogram and the next of all the measured
arteries may be taken as an expression of mean
vascdilatation or vasoconstriction, ignoring pos-

sible regional differences.

The purpose here is to compare the results of
experiments A and B.

Method 1: In experiments in which the Paco2 rose

from 28 mmHg or more to a higher figure, there
is very strong evidence that the arteries were

wider at the higher Paco2 in experiments Al and
A2 in which all the arteries measured (7 in one

and 6 in the other) changed in the same direction.
In experiment A3, 3 arteries became wider but 2
smaller, and in experiment A4, 4 arteries remained
unchanged, one became narrower as the Paco,
fell, but one became wider. Adding the results of
these four experiments gives 17 arteries wider at
higher Paco2, 4 unchanged and 3 narrower. There
is thus fairly strong evidence that within this
range an increase in Paco2 is accompanied by
vasodilatation. In Series B, however, the con-
clusions are different: 7 arteries were wider at the
higher level of Paco2, 7 failed to change, but 13
were narrower.

Method 2: In Series A there were 4 arteries which
were more than 10% wider at higher Paco2, but
one was more than 10% narrower. In Series B
none of the arteries was more than 10% wider at
higher Paco2 but 6 were more than 10%
narrower.

Method 3: In Series A the mean vasodilatation as

Paco. rose was 3-4% ±144. In Series B there
was a mean vasoconstriction of 3 9% ± 1 68 as
the Paco2 rose.

Thus there is statistically significant evidence
of a reactivity in differing directions in the A and
B experiments consistent with the findings in
humans that at subnormal Paco2 further lowering
of Paco2 results in vasodilatation of the main
arteries. At and above normal levels of Paco,,
rising Paco2 causes vasodilatation.

It should be emphasized that these animal
results were obtained in experiments in which the
blood pressure remained constant. Blood pressure
change is therefore excluded as a cause.

In other experiments, lowering the blood
pressure rather profoundly in the baboon at
constant Paco2 causes not dilatation but con-
striction of these arteries. The extracranial,
carotid and basilar arteries are most severely
affected. Nevertheless, the anterior, middle and
posterior cerebrals follow suit. Thus it again
seems unlikely that widening of these cerebral
arteries with falling Paco2 at subnormal levels
can be due to lowering of the arterial blood
pressure.
Two other explanations have been considered:

first, alteration in the central venous pressure.
This has been excluded by monitoring the upper
thoracic central venous pressure in a human
series. There is no consistent relationship
between the small variations in central venous
pressure and the changes in arterial diameter.
Secondly, that because of the very slow blood
flow a degree of tissue hypoxia may occur and
that a stimulus may be initiated which may
override the vasoconstriction effect of low
Paco2 on the basal arteries. This explanation
seems at the moment the more likely, but awaits
experimental confirmation.
The effect of halothane has also been studied in

the baboon and in our patients. Halothane is
known to lower the systemic blood pressure.
There has been an argument about its effect upon
the cerebral circulation (McDowall 1965) but it
now seems generally agreed that when the pro-
portion in the inspired mixture is of the order of
1 % or more, there is a rise in cerebral blood-
flow (Wollman et al. 1965, Christensen et al.
1967). There is also a rise in intracranial pressure.
The suggestion has been made by Christensen

et al. that the cerebral vasodilator effect of
halothane may be potentiated by hypotension
and/or hypercapnia. It has been further suggested
that hyperventilation, by lowering the Paco2,
may overcome the cerebral vasodilator effect of
halothane. This, however, is not borne out by a

comparison of the sizes of major cerebral
arteries in the previous and present series of
human angiograms (Table 4). At the same low
Paco2 the arteries of patients anesthetized with
halothane were wider than those having nitrous
oxide and oxygen alone.

Moreover, a series of baboons anesthetized
with an oxygen-halothane mixture when changed
from spontaneous to more rapid controlled

Table 4
Possible effect of halothane in man

Arterialdiameter (mm) Mean systolic
Middle Anterior MeanPaCO2 bloodpressure

Carotid cerebral cerebral (mmHg) (mmHg)
Series 2: 4 06 3 03 2-3 30-8
With halothane
Series4: 3-31 2-83 2-09 29-2 128
Without halothane
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at nonl P*ws,, bly bUu of an
incrasued level of halothane in the circulating
blood.

in four expents on baboons under oxygn-

lowering the Pitco by a man fige of 25 mnmHg
to a minimum of 32 or a decrease in venti-
lation raising it by a mean figur of 11 mnHg
from a inimum of 32 mmHg caused vasodilata-
tion as the Paco, fell and vasoconstriction as the
Paco, rose, presumably becs of the increased
blood concetrtion of halothane produced by
the hyperventilation. The figure for chan in
arterial diameter was 64%. Very wide-variations
ocured, some of the arteries dilating as much as
20%. Other, possibly because of a coincident
blood pisure drop, constricted. Consequently
t-he standard deviation is very large, ±8,9, and
presented in this simple way the statistical
significance is difficult to estimate.

Conclusion
The present work, followingon-that of Edmonds-
Seal et al. (1967), has pratical significance for
cerbral h y. It _sthatatvery low
levels of Pawo, th is an unexplained phenome-
non which begns to cause vasodilatation of the
main cerral arteris. Controlled respiration to
maintain the level of Paco, at about 30 mmHg
geerally results in a very satisfactory angiogram,
but perhaps lowering the Paco, further Thn this
should be avoided until more is undestood about
its effects. It should, however, be stated that a
great many patients have already undergone
carotid angiography at levels of Pao, much
lower than 30 mmHg and no ill effects have been
observed in our series.
Some confirmation of the vasodilator effect of

on th erebral circulation, even at low
Paco,, has been obtained.
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Leves ofArtwial Pco,

A study was plaed to investigate the stat of
regional perfusion of the normal heisp in
the conscious state, during ansthesia at norma
levels of arterial Pco,, and during anesthesia at
the time of aterial hypocapnia. The results of
this study have been published in detail elsewhere
(Wilkinson et al. 1969, Wilkinson & Browne
1970), but they may be reviewed clectively with
profit to emphasize some of the salient finding of
the investigation.

Regional cerebral blood flow was measured by
simultaneous monitoring of the clearance of
xenon-133 from 15 separate regions of the cere-
bral hemisphere, after injection of a small bolus
of xenon-133 solution into the internal -carotid
artery. This was perfor at the time of diag-
nostic carotid angiography; consequently none of
the patients of the study was strictly normal. The
criteria for 'nornality' were that ther wer no
abnormal physical signs referable to the -rebral
hemisphere, and that the accompanying carotid
angiogm subsequently proved to be normal.
Eah regional clarance curve was analysed to

give the perfusion rates in both the and the
white matter of the region. In each patient,
therefore, 15 regional values for the perfusion
rate of grey and of white matter wer obtained.
From thes 15 values a single mean value for the
hemisphere for the perfusion rte of grey matter
was determined, and similarly a single mean vahe
for the rate of white matter perfusion in the
hemisphere was obtained. The regional aern of
perfusion of grey matter throughout the hemi-
spher was demonstrated by a topo-
graphical diagram of the 15 'regional values on 'an
outline of a lateral radiograph of the patient's
skull. A sminlar diagram was constructed to show
the regional pattern of white matter perfion
throughout the hemisphere.
Table 1 shows the results considered as me

values for the hmisphere. In the 10 conscious
patients, studied at normal levels of arterial
Pco, and blood pressure, values for grey and
white matter perfusion were obtained whi were
very similar to those obtained by other workes
(H0edt-Rasmusn 1967, Ingvar et a!. 1965).
Grey matter perfusion was numeically higher in
the five conscious patients under 50 years of age
than in those over 50, though this difeec ws
not significant statistically. White matter per-
fusion was similar in the two age groups. In


