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Pegalatlon of cerebral c!tculation has, up to now. been st,tdied mainly In short experiments and it it 
onl), rece~dy tah.a~ ~his problem has begun to be investigated under ~ries conditions. 

l~e  prc~nt  communication pre~nts a brief statement of the princlpIes undeliylng the method developed 
by u~ for the detezmtnation of cerebral circulation in series experiments by the gradient of the fall of b I ~  
pre, s.~ure in tLe ve,~ls  supplying the brain. 

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

The p~emlses for this mcthod are taken frOh, K. Hurthle who suggested investigation of cerebral ei~culation 
in short exi:~erirr~.nt~ using arterial pressure in tl-e cor~mon carotid artery (M) a~ld pressure in the ves.~Is of tl'a~ 
circle of Willis (.M~ as indicators. The difference ill pressures (M--Mr)  provides evidence of t!~ rate of 
blc~d flow in tJhe common carotid artery and the ratio of pressure in the circle of Willis go that in tl,~ aorta 

~-~t ~ -  of the ~.tate of cerebral ve~els' lumen. An inc~ea~ in ratio constriction, a this indicates and decrease 
in ~ e  ratio - dilatation of the cerebral vcssclSo 

Our ob~.ervatlo,ls were carried out on dogs with file common carotid arle~y externalized In a skin flap 
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(of 36 oFeratlom g3 were t~ee~sful). To  avoid rupture of tho carotid artery, the animals'hind ilntb~ were bound 
for 10-15 day~ fo|lowlng operation. 

Ftg. 2. Three cases of successive mea,,:~remenu of blood pressure in the 
aorta and the circle of Willis by the three-cuff method. 
Records from above down: sphygmogram, pressure In "thoracic" cuff. 
pressure in "head" cuff, time marker (2 ~cond~. 1), LO, lll), IV), 
~,9, VI~ pha~s of sphygmogram changes. Fi~t arrow - height of pres- 
sure in the circle of Willis, ~cond 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 ~pparatus shown dlagramatically in Fig. I .  The 
recording part consisted of a fold.;g metal capsule (1) 42 cm in length and 21 mm in diameter, in which were 
placed 3 cuffs: middle recording one (b), and two end ones - occluding, pneumatic ones (a, c). Each of the 
occluding cuffs was conr,.ccted by an air system with a mercury manometer (3) and a buI_b (2) for pressurr 
production. The recording cuff (b) was connected by a hydraulic system with the recording capsule (4) or a 
~rIng manometer, and by means of a three-way tap (5) with a mercury manome'er (5) and a water pump ('/). 

For recording, ~ e  three-way tap (5) was put in po.qtion I aild part of the fluid was thus removed from 
the system. ~ ,e  capsule with ~ e  cuffs was fixed to the carotid artery; the tubes leading from it were tied to 
the collar. The tap was then placed in position tI; pressure of about ~0-70 mm of mercur/was established in 
the ,.)'.~tem. after which the tap was placed in position III and measuremeuts 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 

sp,hygmogram (Fig. ~ .  

Phase I (background). Iphtial pulsation in the common carotid artery without limitation of blood flow. 

Pha~e LL Excessive pressure created in the "thoracic" p~.eumatic cuff (c) led to complete occlusion of 
the ao~tal end of the common carotid arlery and produced a sharp drop in the amplitude ofo~.cillations, but 
their complete disappearance w:,~' never observed owing to "return" pulsation from the re,sole of the circte of 

Willis. 

Phase III. On gradual pumping of air Into the "head" pneumatic cuff (a) a moment was attained when 
pulsation disappeared completely; the manometer reading at that stage corresponded to pre.~ure tn the circle 

of Willis. 

Pha~e IV.. tn the course of lowering the excessive pressure in the "thoracic" pneumatic cuff the appear- 
ance of the t int  pulse notch on the curve was noted and the manometer readings at that moment correspouded 
to maxlma~ pressure in the aorta. 

Phaw V. Lowering of pre~ure in the "head" cuff Lo zero with paalal  occlusion of the. aortic end of the 
common carotid artery was accompanied by a drop of the spi,ygmogram and dir~nutlon of its amplitude, ap- 
parently owing to friction of the blood against the ves~el wall on re-establishmem of outflow (in p h ~  IV there 
is no movement of blood In the carotid artery since the "head" cuff completely occludes flow into the circle 

of willlO. 
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Fig. 3. Changes of blood pressure in short experiment with exclusion of 
branches of the common carotid artery on the side of recording o 
A) Experiment on April 15, 1054; records from above down: re_~piratton, 
aortal k),mogram, cerebral kymograrn (mercury manometer record), ba.,.e 
line, time marker (1 second), ~ - simultaneous occlusion of left external 
carotid and occipital arteries, ~ - simultaneous removal of clamps. 
13) Experiment on May 4, 1054. Records from above down: respiration, 
c?rebral kymograrn, base line, aortal kymogra;n, base lille, tame 
marker ( 1 second). Scale of presvJre for circle of Wiilis 0-120 rnm, 
for aorta 0-1C-0 mm Hg. Sensitiv:ty coefficient for the circle of Willis 
manometer 4.2; for aortal 6.4; first ~ - simultaneous occhlslon of tile 
external catotidand occipital arteries on the left; vecond ~ - removal 
of clamps; third ~ - repeat occlusion of tile same vessets; fourth j - 
removal of clamps, fifth and seventh ~' - clamping of the internal carotid 
artei)' on th~ left sixth and etghLh ~, - removal of clamps. 

Phase VI (background). On lowerlng the pressure in the "thoracic ~ cuff to zero initial pulsation again 
appeared In the carotid arteqq. 

In order to check tile data obtained by tile three-cuff method simultaneous recording of blood pressure 
by the direct me~od was carried out (15 dogs). In 11 animals the arteries were externalized into a skin flap 
at the time of the experiment, while in 4 dogs the vessels were externalized mine time befo~ (permanent prepa- 
ration), In addition to measuring background values of blood pressure records were taken under the Influence of 
various procedures (intravenous injection of adrenalin, infusion and ~i:~drawal of blood), The expedmenti 
showed tl;e ,imilarity of results obtained by the direct and d~ree-cuff me~I:ods, The only difference comisted 
of the fact that flgu;es for pressure obtained by tile indirect method were 15-~0 rnrn Hg higher than the true 
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value ,is the tc,~ul+ of the r ol the skill-VCS:~ci flap +t:ld the L~ciudin}~ ,'tiif ;tt|d tile prt'+';or reaction +rottt 
tile carotid stnu+. 

In order to dctrrmitte on what dc|~:nd~ the pA+~:~re t+~,~s~ed tn the ccphal,+d cl|d of the common ea |o t ld  
artery (on blood flow thanlgh the ci rc le  of Willis or on b++~z+d flo++ along ana+qolno~cs tff tim external  carotid and 
occwi t ,d  arteries) a ~crte.~ of ~lort experiments on 13 6o+~ at|d ++etie~c+xperirnents Oil 4 dogs were carried out. 

In tit+." ~lort cxperilneilt$ hgaturc$ were placed ,m tt~e internal carotid, tile external c:an~tld and occipi tal  
,tvterleS oB tl~e *ldc [nHtl which recordings weir  taken. Tile +.L'i~r;or t|Q'toid artery all0 small  vessels branching 
front the reglOll of tile carotid sinus were tied; t l~ i r  ex~+lu~on was lids reflected ei ther Oil tile aortic or tile circle 
of Willi.~ bh~d  presstlre. 

After recording initial prcssnre .~Jrntlltaneot~s clamping of  the external carotid and occipi ta l  arteries left 
only one padlfor bl~>od flow to tile nlanometcr,  r ig .  throu~'h t~e internal carotid artery. The general blood 
ptvssurc curve (aorta) showed either no change during this p~cedure  or, in c a ~ s  where tile c lamp was applied 
soI~.,what carelessly, a transient fall of blood pressure (depreKmr reaction from the carotid sintls) was seen, 
followed by a reruns to init ial  levels .  Tile blood pre.~sure cut~-e for the c i rc le  of Wil lh  invariably showed a 
sharp rim whicl: exceeded the init ial  level  throu#tout +Ale period ~f c lamping (Fig.  3 , /~ .  If the c!amp was re* 
moved from tile external  carotid and occ ip i ta l  artetie~ at~ ,,need on tim i,lternal carotid artery the cnrve for 
the c t rc le  of Willis showed a lowcrit,g of prcs+ure. <+'ha re~+~ovM of the c lamp the pressure, as in the former c a ~ ,  
rapidly returned to the init ial  level {Fig. 3,B}. 

P~$easuremcnts of Blood Prcs+ure in the P, Jgb~ .rod Left Skin Flap 
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Priur to occlusion of the cxtemal  carotid and occipi ta l  a~eries the return blood flow from the circ le  of  
',41tlis thus takes place through the internal carotid artery .~n t |~ di~cction of the common carotid artery ( t o -  
wards the recording manometer) aswcl l  as the external carotid and c.ccipital arteries,  

For complete  exclusion of return blood flow alo+~g the suppo~d anastomoses through the system of ex-  
ternal carotid and occipi ta l  arteries clamps were applied successively first to the external  carotid and occipi ta l  
arteries (with a rise of pressure in the circlc  of Willis rna~ameter), then to the common carotid ancry on the 
~,ppositc side whc+i the pressure in the aorta rose while that in the vessels of the circle  of Willis dropped. T h e  
pressure returned to the ini t ial  levels imnledia te ly  upon removal of clamps.  On suoce~ive occlusion of the inter-  
nal carotid artery on tile recording side and tile contralatcral  common carotid artery a two-fold drop in pressure 
was observed: file first as the result of exclusion of blc~d flow along thz ":::~rnal carotid artery, the second at 
the rc+q.'lt Gf diminished flow of blood to the brain along the common carotid artery on the opposite side. Con- 
scqeently, when co,:.~cction with the external  carotid a.~d cazcipital arteries is maintained against the background 
of cxclHsJotl of the internal carotid artery the former are treadle to keep arterial  pressure at the Init ial  level ,  
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lince the ~,e'~su*e wi~.~z ~L~m It lc, wer tha~ lit lhe Internal carotid ancry,  It follows from t.hls i|ltll~ t|]e level of 
pressure ~ C-~e Petl~V~eral ~ n t  of  file coin,non carotid artery when all the branche~ are kept open depends on 
the pre~r-:m lrt tim IR'~e~*-I carvt id artery, and the blood flow along the external carotid and occipital  arteries i! 
directe~ t;m.ard, tb~e ar~.-~..-..~-~s.and not in the ~cverse direction, 

C:,-,~ari~on ~f v~c~.-~.lz~ :e~ctions agalmt the background of  occlusion of the external c~rotld and occipital 
arteries ~ d  without v~w~ c<-~1~on was then undertaken. Ten  ~~actlom were provldcd by the prcs~r react|on to 
occlusion oI the com_~r,_.:~ e.zrc~=d artery and constdctlon of cerebral vessels on stimulation of  a spec;ally prepared 
~ympat.~.~c t'wlg of  dz, e <e~'~.~l~d end of the vag~ympathet lc  trunk, The p~ssor reaction on occlusion of fl~e 
eomm~a c~tid arte~ cc.c=-at~teral to recording coIBisted cf a considerable rise of arterial prcssutc in the ~orta 

and tim c;rcle of Wdl~; LLc char~cr of t h i s  rc.ction remained unchanged on exclusion of the external carotid 

and occiT.~t.d arteries. 

t:~'cctlon c=:,x:'. ~=~tion of the ccphalad end of thc sympathctlc twig cau~d a sharp rise of bleod 

pressure kl hhe circle cf t$,:~L~ while in the aorta the prcssure cithcr remained unchanged or cvcn fell, Narrow- 

ing of d~ lumen cs ~::~=,=_a cf this r#ig was obsetvcd both on occlusion of the external carotid and occipital 

arteries ~:J with~<,~ i~o 5,:: ~z=,.~tativcly the rcactlon was weaker In the former ca.~e. This fact conf~rms Iltcra- 

ture dat,. ,;cn.cemir.~ L~:t~.~ :-~ctioa of cerebral and superficial head vessels to stimulation of vasoct~mzrictors, 

T.Le i~lzzc4 ti~ ef ~:~:~.* ;-,:~.~,~.;re in the vcsscls of the circle of Willis shows that the lun.~n of cerebral vessels 

can alter [~ependew~ ~ ~.~uztions in t,he Icvcl of gcncral blood pressure, 

~-~e .redes r consisted of the following: the dogs had both their ccmmon carotid arterics 

cxtern~l~d; on a~ ~=~e ~ e.ztemal carotid artery was tied at the same time, wh~le on the od:er side it re- 

mained L~act.  It W~LS d=.~ " ~ '  ~ . ~ e  tO compare results of measu~ement~ on the two sides, g~ea~urcment data am 

given In ~-~ table.  

A~ can be ~ ~ .-., ~ c  t~ble, tying o f  the external and occipital arteries did rot  affect substantially 
tim p r~s : : e  in t2:e c s  : f  "~ ' : ! . i h  and in the aorta; therefore observation of  ce~bra l  circulation by means of tim 
three--c~fl rrxthcM c~x .~  r c~t without 'preliminary tying of these vessels. 

S U M M A R Y  

A me~c<l c f  g-zfi~ - 2 c o ~ i n . :  of arterial blood pressure in {he aorta and the circle of Willis iu series 
exped~,~xL~ on d c ~  :~ ~ - z - c : : ~ .  L;easurements were tal~en in the common carotid artery brought out into a 
skin ,q~?, t~ wbach 3 ~ ' 5  ~e -e  ~ a c h e d :  medial~ recording variations ~n ;]xe pui:-e, cae placed caudad and one 
c e p h z l ~  fmrn Lhr r z ~ _ z :  c=Yf. occluding cor rcspndmgly  the blood flow from !]:e aorta ~nd d~c circle of Willi~ 
The bl~:d pressu~ L: :L'~ ~:r 2 occluding collar co~responded to the blood pressure in the circle of Willis, af:er 
disapp~:ance cf ~:~:2:: 7~ ~=nv.g complete occlusion of the inflow of blood from the ~ona.Th,' z2rtic blocA pressure 

was deze~ ined  by ~ e  ~::-~_zz;=:e of  the first pulse beat i n  dccrease of dm pres,ure in "thoracic" cuff with pre- 
served occlusion of C-e *~_-~" pc,-ti~n of the common carotid artery, The changes of the gradient of the fall of 
blood Tr~_~.*ure f~z~ a , . -~ :~ abe b ! ~ d  vessels of the circle of Willis served as at~ indication of changes of the 

lumen ef  blood ~e~e~  c~ r ~ z f n  (Hurthle's principle). 
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