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Alterations of the cerebral circulation were for
a long time presumed to reflect principally changes
in the systemic circulation. Recently, a high de-
gree of control of the cerebral blood flow has been
demonstrated to be the result of intrinsic mecha-
nisms. An important means of such intrinsic
control results from the effects of changes in ar-
terial partial pressure of carbon dioxide upon the
cerebral vessels. An increased arterial partial
pressure of carbon dioxide, such as is produced by
the inhalation of 5 per cent carbon dioxide, results
in a marked and selective cerebral vasodilatation
in normal young individuals with a consequent in-
crease in the cerebral blood flow (1). It appeared
that the effect of the inhalation of carbon dioxide
might provide a convenient tool for the study of
the degree of vascular tone in cerebrovascular dis-
ease states. The present investigation was initiated
with the purpose of using this method to gain in-
sight into the relative contributions of vascular
spasm and arteriosclerosis towards the production
of an increased cerebrovascular resistance.

METHODS

The cerebral blood flow (CBF) was measured by the
nitrous oxide technique (2). All patients were in the
postabsorptive state and the recumbent position. Fol-
lowing the completion of a control flow, an interval of
15 minutes was allowed to elapse. The patient was then
primed for five minutes with a gas mixture of the fol-
lowing composition: 5 per cent CO,, 21 per cent 0,, 74
per cent N,. The mask was then rapidly switched to al-
low the patient to inhale a similar gas mixture, containing
15 per cent N,O and 59 per cent N, in addition to 5 per
cent CO, and 21 per cent 0,. In this manner the experi-
mental flow was determined over a ten minute period.

1 Supported by a grant from the National Institutes of
Health.

2 National Heart Institute Postdoctorate Research Fel-
low, 1952-195;3.

The jugular venous pressure (JVP) was measured with
a spinal fluid manometer using the level at which the
vessel was entered as the "0" reference point. In the
supine position, this is approximately at the level of the
right atrium. The mean arterial blood pressure (MABP)
was measured in a femoral artery using a damped mer-
cury manometer. The oxygen and carbon dioxide con-
tents of the blood samples were determined by the method
of van Slyke and Neill (3). Blood pH was determined
anaerobically at room temperature with a glass electrode
and corrected to body temperature using the formula of
Rosenthal (4). The pCO, was determined from stand-
ard nomograms (3).

MATERIAL

The subjects of this study have been divided into four
groups according to criteria previously described (5): 1)
Young normotensive individuals without evidence of ar-
teriosclerosis with a mean age of 30; 2) elderly, arterio-
sclerotic but normotensive individuals with a mean age
of 64; 3) hypertensive individuals without. evidence of
arteriosclerosis with a mean age of 51; and, 4) hyper-
tensive and arteriosclerotic individuals whose mean age
was 55. Six of the latter group had histories of cerebro-
vascular accidents or mental deterioration. The presence
of arteriosclerosis was diagnosed on the basis of histori-
cal or electrocardiographic evidence of coronary artery
disease, vascular calcifications on X-ray, peripheral vas-
cular ischemia, retinal changes, or a previous cerebro-
vascular accident. The control data for these and other
groups have been presented and discussed in detail in
another communication (5). The present report is con-
cerned only with the responses to CO, inhalation.

RESULTS

Table IA presents the cerebral circulatory data
for Group 1. A 40 per cent increase in the CBF
from the control value of 53 cc. per 100 gm. per
min. to 74 cc. per 100 gm. per min. is noted. This
increased blood flow is in part attributable to the
4 per cent increase in MABPbut is mainly a re-
flection of the 33 per cent drop in CVR. The in-
crease in JVP noted is a reflection of the increased
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Effecs of 5 per cen CO inhalation on cerebral
TABLE IA

circulatory functions of young, normotensive, non-arteriosclerotic individuals*

CBF CVR CMR02 MABP JVP

ubct CC./100 sm./min. mm. Hg/cc.! CC./100 sm./miu. mm. Hg mm. HaG R.
Q

I II I II I II I II I II I _I

G. C. 47 54 1.8 1.7 2.8 2.3 99 105 186 195 1.00 0.92
S. W. 77 89 1.0 0.9 4.2 2.3 84 90 90 88 0.93 0.-78
F. B. 47 64 1.5 1.2 3.4 2.9 79 85 101 100 0.88 1.09
S. G. 35 48 2.1 1.6 2.5 2.5 81 85 98 126 0.97 0.96
M. H. 22 81 3.9 1.0 1.6 3.5 91 92 84 166 0.99 0.94
D. M. 54 78 1.3 0.9 2.9 3.6 79 82 98 130 1.29 1.16
S. R. 38 80 2.5 1.3 2.0 2.7 100 105 73 85 0.78 1.10
A. H. 52 64 2.0 1.7 4.8 3.8 111 111 61 67 1.06 0.95
S. K. 74 77 1.1 1.0 4.9 4.4 95 97 152 220 1.01 0.93
E. G. 54 61 1.7 1.4 2.7 2.1 100 94 108 112 0.92 1.04
S. D. 78 102 1.1 0.9 5.1 3.3 91 104 101 128 0.92 0.92
D. C. 57 92 1.3 0.9 3.8 3.8 83 90 80 100 0.98 1.00

Mean 53 74t 1i.8 1.2t 3.4 3.4 91 95t 103 126t 0.98 0.98

* CBF: Cerebral blood flow.
CVR: Cerebrovascular resistance = MABP- JVPCBF
CMRO2: Cerebral oxygen consumption.
MABP: Mean arterial blood pressure.
JVP: Jugular venous pressure.
R.Q.: Cerebral respiratory quotient.
I: Control value.
II: Value after inhalation of 5%C02.

CBF. The other cerebral circulatory functions
are not significantly changed.

Table IB presents in detail the effects of the in-
halation of 5 per cent CO2upon the various blood
constituents.

t Significant change, p <.05.

Table IIA presents the data concerned with the
effects of 5 per cent CO2inhalation upon the cere-
bral circulatory functions of the aged, arterio-
sclerotic, but normotensive group. The increase
in CBF from 47 cc. per 100 gm. per min. to 55 cc.

TABLE IB

Effects of inhalation of 5 per cent CO, on blood constituents of young, normotensive, non-arteriosckrotic individuals*

AO2 ACO2 ApH ApCO2 VO2 VC02VOH VpCOs (A - V)O,
Vol.% Vol. % P mm. Hg Vol. % Vol. VPH mm. Hg Vol. %

Subject

I II I II I II I II I II I II I II I II I II

G. C. 16.8 18.4 47.3 48.9 7.33 7.25 46 56 10.8 12.2 53.3 54.5 7.30 7.23 51 60 6.0 6.1
S. W. 14.9 15.3 54.4 55.3 7.33 7.29 51 56 9.4 9.4 9.4 59.9 7.30 7.28 55 60 5.4 5.9
F. B. 14.6 14.8 40.1 44.7 7.31 7.25 39 49 7.3 4.5 46.6 49.6 7.28 7.22 47 58 7.3 4.5
S. G. 19.4 19.9 40.8 43.6 7.36 7.33 38 43 12.4 14.7 47.7 48.6 7.33 7.30 40 47 7.1 5.3
M. H. 17.9 17.9 39.6 46.8 7.42 7.33 32 45 10.6 13.5 46.9 50.9 7.39 7.29 36 51 7.3 4.3
D. M. 18.8 19.3 46.8 49.4 7.29 7.29 47 52 12.3 14.7 55.3 54.7 7.28 7.28 57 59 6.6 4.6
S. R. 16.5 17.6 51.4 52.5 7.34 7.31 48 53 11.3 14.2 55.4 56.3 7.29 7.27 57 62 5.2 3.4
A. H. 15.4 15.1 46.6 51.0 7.39 7.34 40 48 6.3 9.2 56.3 56.6 7.39 7.33 48 53 9.1 6.0
S. K. 20.2 20.2 50.9 51.8 7.39 7.33 45 51 13.5 14.4 57.6 57.1 7.33 7.29 51 57 6.6 5.7
E. G. 15.0 14.9 50.9 52.2 7.33 7.30 48 52 10.0 11.3 55.5 55.8 7.29 7.27 54 60 5.0 3.5
S. P. 11.9 11.0 48.5 51.6 7.38 7.28 42 53 5.3 8.8 54.5 54.6 7.32 7.26 49 56 6.6 3.2
D. 0. 12.1 12.1 48.2 51.0 7.41 7.35 37 45 5.4 8.0 54.7 55.1 7.35 7.32 46 50 6.7 4.1

Mean 16.1 16.4 47.1 49.9t 7.36 7.30t 43 sot 9.6 11.2t 53.6 54. 5t 7.32 7.28t 49 56t 6.6 4.7t

* A: Arterial.
V: Venous.
02: Oxygen content.
CO2: Carbon dioxide content.
pCOs: Partial pressure of carbon dioxide.

t Significant change, p<.05.
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TABLE IA

Efects of inhalation of 5 per cent CO, on cerebral circulatory fundions of aged, normotensive, arteriosclerotic individual?

CVRCBF m.H/c/ CMR02 MABP JVP
cc./100 gm./min. 10 gm/.min. / |/100 gm-l./min- mm. Hg mm. H20 R QSubject

I II I II I II I II I II I II

M. D. 48 46 2.0 2.3 3.3 3.6 100 110 65 70 0.89 0.71
S. A. 29 39 3.2 2.4 1.5 1.7 99 100 75 64 1.12 0.78
H. S. 38 39 2.6 2.8 3.0 1.9 100 113 38 67 1.01 0.88
J. P. 98 99 0.8 0.8 6.4 3.9 77 79 59 67 0.51 0.81
E. G. 54 63 1.7 1.6 3.9 3.9 98 111 98 105 0.92 1.16
B. D. 45 50 1.8 1.6 2.8 2.5 95 92 156 180 0.81 0.96
E. G. 33 42 2.4 1.8 1.0 1.8 86 79 77 82 0.83 1.09
M. S. 36 33 2.6 3.0 2.2 1.5 100 108 108 115 0.97 0.84
S. K. 51 68 1.3 1.1 3.5 3.2 72 76 54 58 0.96 0.81
J. L. 42 66 2.7 1.7 3.3 3.6 115 115 60 60 0.99 0.98

Mean 47 S5t 2.1 1.9 3.1 2.7 94 98 79 87 0.90 0.90

* See Tables IA and IB for definitions of symbols.
t Significant change, p <.05.

TABLE 1IB

Efects of inhalation of 5 per cent CO2on blood constituents of aged, normotensive, arteriosckrotic individuals

AOs ACO A ApCO2 VO: VCOV VpCO (A-V)O,
Vol. % Vol. % mm. Hg Vol. % Vol. % p m. Hg Vo.%

Subject

I II I II I II I II I II I II I II I II I II

M. D. 18.5 18.8 48.1 51.4 7.31 7.26 47 54 11.6 13.2 54.3 55.4 7.27 7.24 55 65 6.9 5.6
S. A. 18.4 18.8 44.8 47.5 7.34 7.30 43 50 13.4 14.3 50.4 50.9 7.30 7.28 53 56 5.0 4.5
H. S. 17.0 15.9 60.7 64.6 7.35 7.30 56 66 9.1 11.1 68.6 68.8 7.30 7.26 70 75 7.8 4.8

.P. 15.1 15.1 50.0 51.8 - - - - 8.6 11.2 55.3 55.0 - - 6.5 3.9
E. G. 19.8 20.6 46.3 47.0 7.36 7.34 43 47 12.6 14.4 53.0 54.3 7.30 7.28 47 59 7.2 6.2
B. D. 18.1 19.5 43.6 46.1 - - - - 12.0 14.5 48.5 50.8 - - - - 6.1 5.0
E. Gi. 19.5 20.5 42.5 41.8 - - 16.6 16.2 44.8 46.4 - - - - 2.9 4.3
M. S. 19.2 20.0 48.6 52.0 7.31 7.29 49 57 13.5 15.4 54.5 55.9 7.29 7.25 57 65 5.7 4.6
S. K. 16.7 16.8 47.4 49.8 7.33 7.31 45 49 9.9 12.1 53.9 55.5 7.31 7.27 53 59 6.8 4.7
J. L. 16.5 16.8 44.5 47.5 7.39 7.32 38 47 8.8 11.3 52.1 S2.9 7.33 7.29 46 52 7.7 S.5

Mean 17.9118.3147.7 SO.Ot 7.34 7.30t 46 53t11.6 13.4t 54.3 55.4t 7.30 7.27t1 54 62t1 6.3

* See Tables IA and IB for definitions of symbols.
t Significant change, p <.05.

TABLE IIIA

Effects of inhalation of 5 per cent CO2 on cerebral circulatory functions of individuals with essextial hypertension
uncomplicated by arteriosclerosis

CBF mm. Hg/ccVR CMROa MABP JVP
cc./100 gm./miuX m. Hl.1 cc./100 gm./msn. mm. Hg mm. HiO R. Q.

Subject 0 gm.1msn.

B. B. 50 72 2.5 1.9 3.1 1.2 133 151 120 145 0.98 0.95
G. B. 60 76 2.4 2.0 3.7 3.5 154 160 137 160 1.09 0.92
C. H. 47 82 3.2 2.3 3.3 4.9 160 200 160 200 0.77 0.96
S. P. 55 103 1.9 1.0 2.8 4.5 115 110 120 125 0.79 0.83
D. B. 67 78 1.9 1.7 3.7 3.4 132 140 107 107 0.81 0.86
R. S. 31 102 3.5 1.2 1.9 2.0 121 137 165 260 1.15 2.06

Mean 52 86t 2.6 1.7t 3.1 3.6 136 150t 135 166t 0.93 1.10

* See Tables IA and IB for definitions of symbols.
t Significant change, p <.05.
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TABLE IIIB

Effets of inhalation of 5 per cent CO2on blood constituents of individuals uith essential hypertension
uncomplicted by arteriosclerosis*

AO2 ACO A ApCO2 VO2 VCO VpCO2 (A - V)Os
Subject

Vol. % Vol. % ApH mm. Hg Vol. % Vol. % VpH mm. Hg Vol. %

I II I II I Ii 1 - I I I- I I1I I II I1II1 II I1 1 1 11 1 1
B. B. 15.2 15.5 48.6 50.6 7.44 7.43 37 40 9.1 11.1 54.6 54.9 7.35 7.34 47 59 6.1 4.5
G. B. 16.6 17.6 45.7 48.8 7.41 7.33 37 47 10.4 13.2 58.4 53.0 7.33 7.29 49 52 6.2 4.4
C. H. 16.5 17.0 54.9 56.4 7.38 7.33 47 54 9.5 11.0 60.3 62.1 7.35 7.32 52 62 7.1 6.0
S. P. 15.7 14.1 48.5 51.6 7.39 7.35 41 46 9.6 9.8 52.6 55.2 7.31 7.30 51 54 5.1 4.3
D. B. 16.2 16.4 52.2 53.1 7.41 7.34 42 49 10.7 12.0 56.6 56.9 7.33 7.32 51 52 5.5 4.4
R. S. 16.0 15.0 44.8 53.6 7.40 7.32 37 52 10.0 16.9 51.7 49.7 7.36 7.30 43 53 6.0 1.9

Mean 15.9 15.9 49.1 52.4t 7.41 7.35t 40 483t 9.9 12.3ft 54.7 55.3t 7.34 7.31ft 49 54 6.0 4.3

* See Tables IA and IB for definitions of symbols.
t Significant change, p <.05.

TABLE IVA

Effects of inhalation of 5 per cent CO2on cerebral circulatory functions of hypertensive arteriosckrotic individuals*

CBF CVR CR2MB V
cc.,100 gm./msn. mm. Hg/cc.! CC.o MRO:x mABPHgmmVPOR.Subject 100 gm./msn.cc.C0/m./mi m Hg mm. T1 R. Q

M. S. 33 39 3.5 3.1 2.4 2.6 120 125 60 70 0.98 0.95
S. F. 33 46 3.9 2.6 2.6 1.6 132 130 54 130 1.05 0.80
E. S. 51 32 2.5 4.1 2.6 1.9 141 145 210 198 1.27 0.72
S. L. 41 94 3.0 1.4 2.8 5.2 123 133 59 71 0.88 1.02
S. S. 23 24 6.3 6.0 2.5 - 140 150 65 80 0.86
C. K. 29 48 4.9 3.6 2.6 2.6 143 172 35 49 0.99 0.90
S. G. 34 60 3.3 2.1 2.1 2.1 117 135 55 110 1.11 1.11
D. K. 33 46 3.4 2.0 2.6 2.2 120 100 100 114 0.88 0.93
J. L. 41 50 3.7 3.2 2.7 2.6 156 169 78 90 0.77 1.30
M. W. 44 54 2.6 2.1 3.7 3.1 125 128 145 170 0.93 0.80

Mean 36 49t 3.7 3.Ot 2.6 2.7 132 139t 86 108t 0.97 | 0.90

* See Tables IA and IB for definitions of symbols.
t Significant change, p <.05.

TABLE IVB

Effects of inhalation of 5 per cent CO2on blood constituents of hypertensive arteriosckrotic individuals*

AO2 ACO ApH ApCO2 V02 VCO, vpcot (A-V)02Vol. % Vol. %P mm. Hg Vol. % Vol. % VpH mm. Hg V( . %
Subject |-__ _ _ __ _ _ _ m g Vl

Il II Il IIll1 I
[

II I I I II I
'l

II I11I'II I

M. S. 21.2 21.2 40.5 43.4 7.37 7.30 38 47 13.9 14.7 47.6 49.6 7.32 7.27 48 56 7.3 6.5
S. F. 16.8 14.8 45.6 53.8 - 8.8 11.4 53.8 56.5 - 8.0 3.4
E. 5. 19.2 21.6 44.9 48.1 7.30 7.25 47 57 14.1 15.6 51.3 52.5 7.27 7.24 55 63 5.0 6.0
S. L. 19.0 19.1 48.1 49.1 7.38 7.36 42 47 12.3 13.5 54.1 54.8 7.33 7.33 52 53 6.8 5.6
S. S. 22.5 - 54.1 - 7.39 - 47 - 10.1 - 64.7 - 7.37 - 59 - 12.3
C. K. 19.1 18.4 37.8 47.8 7.51 7.33 22 46 10.2 13.5 46.6 52.3 7.41 7.33 38 54 8.9 5.0
S. G. 10.8 10.9 39.9 46.3 - 4.7 7.3 46.6 50.3 - - - - 6.0 3.6
D. K. 17.4 17.3 43.8 49.7 7.50 7.36 27 45 9.6 12.4 50.7 54.2 7.44 7.32 39 52 7.8 4.8
J. L. 19.6 19.6 50.0 48.9 7.43 7.37 40 45 13.0 14.4 54.9 55.8 7.39 7.32 45 54 6.7 5.2
M. W. 19.2 18.9 49.1 51.5 7.41 7.37 41 46 10.9 13.2 56.9 56.1 7.37 7.32 47 54 8.4 5.8

Mean 18.5 18.0 45.4 48.7t 7.41 7.33ft 38 48ft 10.8 12.9t 52.7 53.6t 7.36 7.30t 48 |5t 7.7 S.lt
* See Tables IA and IB for definitions of symbols.
t Significant change, p <.05.
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per 100 gm. per min. is significant (p < .05) but
is less than for Group 1 (17 per cent vs. 40 per
cent). The increased CBF apparently results
from the combination of an increase in the MABP
from 94 mm. Hg to 98 mm. Hg and a slight drop
in the CVR, from 2.1 mm. Hg per cc. per 100 gm.
per min. to 1.9 mm. Hg per cc. per 100 gm. per
min., although neither of these changes is statisti-
cally significant in itself. Table IIB summarizes
the data for the effects of 5 per cent CO2inhalation
upon the blood constituents of the individuals in
this group. The changes noted with respect to
blood CO2contents, pH, and pCO2are of the same
magnitude as in Group 1.

Table IIIA presents the data illustrating the ef-
fects of 5 per cent CO2 inhalation upon the cere-
bral circulation of hypertensive, non-arterio-
sclerotic individuals. The 65 per cent increase in
CBF from 52 cc. per 100 gm. per min. to 86 cc.
per 100 gm. per min. is greater, but not signifi-
cantly so, than that noted for Group 1. This in-
creased CBF is attributable to the combination of
a 34 per cent drop in the CVRand a 10 per cent
increase in the MABP. Table IIIB summarizes
the blood constituent data for the group.

Table IVA presents cerebral circulatory data
for the hypertensive, arteriosclerotic patients in-
dicating the effects of 5 per cent CO2 inhalation.
On a percentage basis, the 36 per cent increase in
the CBF from the greatly reduced control value
is comparable to that noted for Group 1 (40 per
cent) and somewhat less than that noted for
Group 3 (65 per cent). However, the final level
obtained is far below that noted in the two afore-
mentioned groups. The 0.7 mm. Hg per cc. per
100 gm. per min. drop in CVRnoted for this group
is, in terms of absolute units, similar to the de-
creases in CVR described for Groups 1 and 3.
This is, however, only a 19 per cent decrease from
the control CVR, as compared to the 33 per cent
and 34 per cent decreases in CVRfor Groups 1
and 3 respectively. Table IVB summarizes the
blood constituent data for Group 4. The in-
creases in pCO2 obtained with 5 per cent CO2 in-
halation are of the same order as noted for the
previous groups.

DISCUSSION

Vascular resistance is principally a function of
blood viscosity and the diameters of the blood
channels, particularly the arteriolar tree. There is

no reason to believe there were differences in
blood viscosity among the various groups.
Changes in vascular resistance caused by an in-
creased arterial pCO2 largely reflect variations
in the diameters of the vessels. A diminished ar-
teriolar diameter, with its consequent increased
vascular resistance, may in turn be the result of
either organic occlusive changes or functional
vasoconstriction.

In considering the arteriosclerotic but normo-
tensive group of elderly individuals, the control
,values for the various cerebral circulatory func-
tions were found to be within normal limits. It
was only when these patients were subjected to
an increased arterial pCO2 that significant ab-
normalities of their cerebral vasculatures were un-
masked. Unlike the normal response, little de-
crease in CVRoccurred with the elevation of the
arterial pCO2. The failure to obtain cerebrovas-
cular relaxation in the presence of arteriosclerosis
may be explained by several possibilities: 1) The
vessels may be so rigid that they can neither dilate
nor constrict to any stimulus; 2) the vessels in
the individuals of this group may be already maxi-
mally dilated as a compensatory response to the
development of arteriosclerosis; 3) arteriosclerotic
vessels may no longer respond to the specific dilat-
ing stimulus of an increased arterial pCO2. The
finding that the CVRof patients having combined
hypertension and arteriosclerosis (Group 4) may
be lowered by CO2 inhalations demonstrates that
the cerebral vessels of arteriosclerotic individuals
are sensitive to an increased arterial pCO2 and
that such vessels still have a residual elasticity.
This favors the second of the above possibilities
as an explanation for the failure of CO2 inhalations
to lower the CVR in the normotensive, arterio-
sclerotic group.

The possibility that CO2 inhalation increases
extracerebral contamnination of internal jugular ve-
nous blood specimens has been considered as a fac-
tor which might influence the results. Study of
the curves in the various groups failed to reveal
evidence of such an occurrence in a significant de-
gree. The ten minute equilibration period for
nitrous oxide was found adequate in all groups
both before and after CO2 inhalation.

Various measures, including the inhalation of
carbon dioxide, have been recommended to stimu-
late the cerebral blood flow in patients who have
suffered a cerebral thrombosis. When the throm-
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bosis is the result of arteriosclerotic narrowing in
the absence of hypertension, it would seem from
the results obtained in this study that such efforts
would be doomed to failure. Furthermore, if such
patients are in incipient or actual cardiac decom-
pensation, inhalation of 5 per cent CO, has been
found to embarrass further the general circulation
and in many instances to decrease the cerebral
blood flow (6). However, no final conclusion
can be reached relative to the efficacy of such meas-

ures without a direct investigation of the cerebral
circulation during the acute phase of a cerebral
thrombosis. At such times cerebral vasoconstric-
tion mediated by the autonomic system could pre-

sumably occur even in the absence of hypertension.
In uncomplicated hypertension, the increased

cerebrovascular resistance is generally considered
to be primarily the result of increased vascular tone
rather than of arteriosclerotic narrowing of the
vessels. Various measures which reduce the in-
creased cerebrovascular resistance have been stud-
ied. Sympathectomy has been found to result in
an 18 per cent decrease (7), high spinal anesthesia,
in a 16 per cent decrease (8), and dihydroergo-
cornine, in a 32 per cent decrease (9) in the cere-

brovascular resistance in essential hypertension.
In the present study, the inhalation of 5 per cent
CO2produced a mean decrease in the cerebrovas-
cular resistance of 35 per cent, revealing CO2 to
be as powerful a cerebral vasodilator in essential
hypertension as any of the previously studied
methods. In addition, it is to be noted that this
reduction in CVRresulting from an increased ar-

terial pCO2 is not associated with a fall in the head
of pressure as are the other methods. Even after
the reduction in cerebrovascular resistance pro-

duced by the inhalation of 5 per cent CO2, the
cerebrovascular resistance of patients with essen-

tial hypertension was 1.7 mm. Hg per cc. per 100
gm. per min. as compared to the value of 1.2 mm.

Hg per cc. per 100 gm. per min. for the "normal"
group after CO2 inhalation. This residual in-

creased vascular resistance in the hypertensive
group may be attributed to either a failure of CO2
to produce maximal vasodilatation, or to the ex-

istence of clinically inapparent arteriosclerosis in
this group, or, to a combination of the two. The
failure of such measures as sympathectomy, high
spinal anesthesia, or dihydroergocornine to pro-

duce a greater cerebrovascular relaxation than is
obtained with CO2 suggests that near maximal

vasodilatation is obtained with CO2 inhalation,
and that the residual increased cerebrovascular
resistance may be due to organic occlusive disease.
The possibility of directly measuring the vascular
resistance of an organ and roughly dissociating
its components attributable to functional spasm and
organic occlusion may offer a test for predicting
the maximal efficacy of therapeutic measures de-
signed to relieve increased vascular resistance.

The above concept may be applied to the inter-
pretation of the data for the group of cases pos-
sessing hypertension and clinically apparent ar-
teriosclerosis. Increase of the arterial pCO2 in
this group resulted in the lowering of the cerebro-
vascular resistance from 3.7 mm. Hg per cc. per
100 gm. per min. to 3.0 mm. Hg per cc. per 100
gm. per min. The high residual cerebrovascular
resistance suggests that the arteriosclerosis pres-
ent in this group is considerably greater than in
any of the previously discussed groups. This is
the same conclusion previously derived (5).

From these data there seems to emerge some
clarification of the interrelated effects of hyper-
tension and arteriosclerosis upon the cerebral he-
modynamics. In hypertension uncomplicated by
clinically evident arteriosclerosis, the cerebrovas-
cular resistance is increased, mostly due to in-
creased arteriolar tone, but in part probably due to
arteriosclerosis. This increase in cerebrovascular
resistance parallels the increase in arterial pres-
sure and there is no reduction in the cerebral blood
flow. In arteriosclerosis without hypertension, a
normal cerebral blood flow and cerebrovascular
resistance tend to be maintained, possibly by some
relaxation of the normal vascular tone. Finally,
where hypertension and arteriosclerosis coexist,
the arteriosclerosis seems to be of a much greater
severity and diffuseness than that occurring in the
absence of hypertension, and an increased vascular
tone persists. The net effect is a great increase in
the cerebrovascular resistance and a marked re-
duction in the cerebral blood flow and oxygen
consumption.

CONCLUSIONS

1. The effects of inhalation of 5 per cent CO2
upon the cerebral circulations of individuals with
varying degrees of vascular disease have been
studied.

2. The normal response to an elevation of ar-
terial pCO2 is a slight increase in the mean ar-
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terial blood pressure and a drop in cerebrovascular
resistance with a consequent increase in cerebral
blood flow.

3. A group composed of normotensive arterio-
sclerotic individuals failed to show a significant
decrease of the cerebrovascular resistance, al-
though the cerebral blood flow increased slightly.

4. A small group of individuals with uncompli-
cated essential hypertension were found to respond
normally to CO2 inhalation. The decrease in
cerebrovascular resistance noted in this group
was as great as had previously been produced with
other methods.

5. A group of hypertensive arteriosclerotic pa-
tients also responded normally to CO2 inhalation.
The residual cerebrovascular resistance after CO2
vasodilatation was still markedly elevated above
normal.

6. It is suggested that the response to CO2 in-
halation provides a convenient means for dis-
sociating and estimating the components of an
increased cerebrovascular resistance attributable
to functional vasoconstriction and arteriosclerotic
narrowing to the lumens of the vessels.
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