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Regulation of cerebral cliculation has, up to now, been studied mainly In short experiments and it is
only recentiy thac this probiem has begun 1o be investigated under scries conditions,

The present communication presents a brief statement of the principles undedying the method developed
by us for the determination of cerebral circulation in series experiments by the gradient of the fall of blood
pressure in the vessels supplying the brain,

Fig. 1. Diagram of recording apparatus (explanations
in text),

The piemises for this method are taken from X, Hurthle who suggested investigation of cerebral circulation
Ia short experiments using arterial pressure in the commonp carotid artery (M) aud pressure in the vessels of the
ciicle of Willis (My) as indicatois, The difference fu pressures (M—M,) provides evidence of the rate of
blocd flow in the common carotid artery  and the ratio of pressure in the circle of Willls o that in the aona
M. of the state of cerebral vessels' lumen. Aa increase in this ratlo indicates constriction, and a decrease

M
in the ratio ~ dilatation of the cerebral vessels,

Our observations were carried out on dogs with the consinon carotid artery externalized in a <kin flap
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{of 35 operations 23 were surcessful), To avold mpture of the carotld artery, the animalshind Umbs were bound
for 10-13 days following operation,
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Fig. 2. Three cases of successive measusements of blood pressure in the
aornta and the circls of Willis by the three-cuff method,

Records from above down: sphygmogram, pressure in "thoracic’ cuff,
pressure {n "head® cuff, time marker (2 secondd. 0, I, 1), IV),
V), VD phases of sphiygmogram changes, First arrow — height of pres-
sure in the circle of Willls, second arrow ~ pressure in the aorta, Scale
for pressure in circle of Willis 0-120 mm Hg, for aorta — 0-200 mm Hg.

Arterial blood pressure was measured by means of the apparatus shown dlagramatically in Fig. 1, The
recording part consisted of a folding metal capsule (1) 42 cm in length and 21 mm in dlameter, in which were ‘
placed 3 cuffs; middle recording one (b), and two end ones ~ occluding, pneumatic ones (a, ¢). Each of the
occluding cuffs was connected by an air system with a mercury manomcter (3) and a bulb (2) for pressure
production, The recording cuff (b) was comaected by a hydraulic system with the recording capsule (4) ora
spring manometer, and by means of a three-way tap (5 with a mercury manoineter (6) and a water puinp (7).

For recording, the threc-way tap (§) was put [n position I and part of the fluid was thus removed from
the system, The capsule with the cuffs was fixed to the carctid artery; the tubes leading from it were ticd to
the coilar, The tap was then placed in position II; pressure of about €0-70 mm of mercury was established in
the system, after which the tap was placed in position II{ and measurements were taken, The whole prepara-
tory procedure took 3-4 minutes,

Changes in pressure in the end cuffs are accompanied with phasic changes in the character of the
sphygmogram (Fig. .

Phase 1 (background). Initial pulsation in the common carotid aztery without limitation of blood flow,

Phate I, Excessive pressurc created in the "thoracic” pneumatic cuff (c) led to complete occlusion of
the aortal end of the common carotid artery and preduced a sharp drop in the amplitude ofoscillations, but
their complete disappearance was never observed owing to "retum” pulsation from the vessele of the circie of
Willis,

Phase Ill. On gradual pumplng of alr into the *head” pneuinatic cuff (a) a incment was attained when
pulsation disappeared completely; the manometer reading at that stage corresponded to pressure in the circle
of Willis,

Phase V.. In the course of lowering the excessive pressure in the *thoracic” pneumatic cuff the appear-
ance of the first pulse notch on the curve was noted and the manometer readings at that moment corresponded
to max{mal pressure in the aona,

Phase V, Lowering of pressure in the "head® cuff w zero with pastial occlusion of the aortic end of the
common carotid artery was accompanicd by a drop of the splygniogram and dininution of its amplitude, ap-
parently owing to friction of the blood against the vessel wall on re-establishment of outflow (in phase IV there
is no movement of blood In the carotid artery since the "head* cuff completely occludes fiow into the circle
of Willis),

onga



e e v

Yot

——

7
1
s et et W et mtna

4

)

»

]

!

\J
[Sp—

£

|

|

£
—
3

Fig. 3. Changes of blood pressure in short experiment with ex<lusion of
branches of the common carctid artery on the side of recording,

A) Experiment on April 15, 1954; ;ecords from above down; respitation,
aonal kymogram, cercbral kymogram (mercury manometer record), base
line, time marker (1 second), } ~ simultancous scclusion of left external
carotid and occipital anteries, § — simultaneous removal of clamps,

B) Experiment on May 4, 1954, Records from above down; respiration,
corebral kymogram, base line, aoral kymogram, base line, time
marker ( 1 second). Scale of pressure for circle of Wiilis 0-120 mm,

for aorta 0-160 mm Hg. Sensitivity coefficient for the circle of Willis
manometer 4.2; for aortal 6,4; first | - simultancous occlusion of the
exiernal carotidand occipital arteries on the left; second l - removal
of clamps; third 4 - repeat occluston of the same vessels; fourth | -
remaoval of clamps, fifth and seventh T ~ clamping of the intemal carotid
artery on the left sixth and eigauth j, - removal of clamps,

Phase VI (background). On lowering the pressute in the *thoracic® cuff to zero initial pulsation again
appeared In the carotid artery,

In order to check the data obtained by the three-culf method simultaneous recording of blood pressure
by the direct method was carried out (15 dogs). In 11 animals the arterles were extemalized into a skin flap
at the time of the expariment, while in 4 dogs the vessels were extemalized some tme before (permanent prepa-
ratfon), In addition to measuring background values of blood pressure records were taken under the Influence of
various procedures ({ntravenous injection of adrenalin, infusion and wi:hidrawal of blood), The experiments
showed the similarity of results obtained by the direct and three-cuff methods, The only difference consisted
of the fact that figu.es for pressure obtained by the indirect method were 15-20 mm Hg higher than the true
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value as the resule of the clasticaty of the skin-vesset Rap amd the oecluding eulf and the pressor reaction from
the carotid sinus,

In order to deteriine on what depends the pressure weanured in the cephalad end of the comnon carotid
artery (on blood Row through the circle of Willis of on blowd flow along anastomoses of the external carotid and
vecipital antericd) aseries of short eaperiments on 13 dogs and secies experhinents on 4 dogs were  carried out,

in the short experiments ligatures were placed on the intemal carotid, the external carotid and occlpital
arteries on the side from which recordings were taken, Tae superior thyroid artery and small vessels branching
from the regon of the carotid sinus were tied; their exclusion was not reflected either on the aortic or the circle
of Willis blood pressure,

After recording initial pressure simultaneous clamping of the extemal carotid and occipital arterics left
only one pathifor bloeod flow to the manometer, viz. through the internal carotid artery, The general blood
pressure curve (acnta) showed cither no change during this procedure or, in cases where the clamp was applied
somewhat carelessly, a transient fall of blood pressure (depressor reaction from the carotid sinug) was seen,
followed by a retum o initial levels, The blood pressure curve for the circle of Willis invariably showed a
sharp nse which exceeded the initial level throughout the period of clamping (Fig. 3,4). If the clamp was 1e-
moved from the extemal carotid and occipital arnteries ane uaced on the internal carotid artery the curve for
the circle of Willis showed a lowering of presiure. On renoval of the clamp the pressure, as in the former cace,
tapidly retwmed to the initial level (Fig. 3,8).

Measurements of Blood Pressure in the Righy and Lelt Skin Flap

"7 Left carotid (withtied T T Right carotid (without tied
2 vessels) ' yessels)

- 3 o e et ot e et et
4 ol Circle!

S |Cirrleaons HFe Aona
B willis, M, Willis M

58 | ———- & MM e S MM,
2 In mm Hg, In mm Hg.

z [Eem— -

I ! o6 132 1 073 36 o4 140 1 0.74 36

2 % a4 132 0.71 38 1433 144 0.74 36

}

i I 6 0,72 40 12 1136 | 0.83 24

2 112 42 10,79 30 i3 140 1 0.79 32

! 110 134 0.81 24 114 138 | 0,82 24

2 116 132 0,87 16 HES 130 ] 0.83 22

'

Prior to occlusion of the extemal carotid and occipital aneries the retum blood flow {rom the circle of
Willis thus takes place through the internal carotid artery in the direction of the common carotid artery (to-
wards the recording manometer)  aswell as the external caretid and vecipital anteries,

For complete cxclusion of retur blood flow along the supposed anastomoses through the system of ex-
ternal carotid and occipital arteries clamps were applied successively first to the extemal carotid and occipital
arteries (with a rise of pressure in the circle of Willis manometer), then to the common carotid artery on the
wpposite side whei the pressure in the aorta rose while that in the vessels of the circle of Willis dropped, The-
pressuse returned to the initial levels immediately upon removal of clamps, On successive occlusion of the inter-
nat carotid astery on the recording side and the coniralateral common carctid artery a two-fold drop in pressuse
was observed:  the [irst as the result of exclusion of blood flow along ihic intcmal carotid artery, the second as
the result of diminished flow of blood to the brain along the cominon carotid artery on the opposite side, Con-
sequently, when connection with the extemal carotid a.i¢ vecipital anteries is maintained against the background
uf exclusion of the internai carotid artery the former are wnaole ® heep arterial pressure at the fnitial level,
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tince the pressure within then i3 lower than !n tie intemal carotld artery, It follows from this that the level of

pressure in the peripherzl sezment of the comunon carotld artery when all the branches are kept open depends on
the pretsuze In the intem:l carotld antery, and the blood flow along the extemal carotid and occipital arteries is
directed towards the gnasomosss and not in the reverse direction,

Coraparison of wazerlar reactions agatnst the background of occlusion of the external carotid and occlpital
arterles &4 without uxh coeliion was then undertaken, Test reactions were provided by the pressor reaction to
occlusion of the commea carsnd artery and constriction of cerebral vesscls on stimulation of a specially prepared
sympathetic twig of the ceh:iad end of the vagosympathetic trunk, The pressor reaction on occlusion of the
commen c2rotid artery comiralzteral to recording consisted cf a considerable nise of arterial pressure in the sorta
and the circle of Willisy e characier of s rewction remained unchanged on exclusion of the extemal carotid
and occizitsl aneries,

I=Juction currest surmnlation of the cephalad end of the sympathetic twig caused 3 sharp rise of biced
pressure in the circle of Willis while in the aorta the pressure either remained unchanged or even fell, Narow-
ing of the lumen ca stizczlinox of this twig was observed both on occlusion of the extemal carotid and occipital
arteries 224 witheus i, 3z goastitatively the reaction was weaker in the former case. This fact confirms litera-~
ture dat2 venceming ¥xular r=action of cerebral and superficial head vessels to stimulation of vasoconstrictors,
The isolztcd rise of Blocd preusmrs in the vessels of the circle of Willis shows that the lumen of cerebral vessels

can alter independently of Docruations in the level of gencral blood pressure,

The series experiimerTs camsted of the following: the dogs had both their cc.nmen carotid arteries
externzlized; on oo nde rne exlernal carotid antery was tied at the same thme, while on the other side it re-
mained iztact, It was gms possible to compare results of measurements on the two sides, Measurement data are

given In the table,

23 can be seza T The tzble, tying of the external and occipital arteries did not affect substantially
the pressure In the circie o :' r:1iis and in the aorta; therefore observation of cerebral circulation by means of the
three -cuif method cis i7.24 out without preliminary tying of these vessels,
SUMMARY

& method of
experimeasis on dogs
skin fl2p, to wlu:h GonlT
cephalsd from Ui ":—:M::
The biocd pressure iz Te &

scording of anterial blood pressure in the 2orta and the circle of Willls in  series
sxonhed. Measurements were taken in the common carotid artery brought out into a

¥z zitached: medial, recording variations In the puise, one placed caudad and one

occluding correspondingly the blood fiow from the aonta and the circle of Willis

cludmg collar corsesponded to the blood presswe in the circle of Willis, alter

disappezirance of oscill ing complete occlusion of the inflow of blood from the aarta, The 2ortic blood pressure
was determined by e zrpeatance of the first pulse beat in decrease of the pressure in ™thoracic” cuff with pre-
served ooclusicn of the Ttzad” pertion of the common carotid artery, The changes of the gradient of the fall of
blood przssure from 3omiz 13 o2 bleod vessels of the clicle of Willis served as an indication of changes of the

press
lumen of blood vesels of the ain (Hurthle's principle).
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