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There are several  specif ic  ana tomica l  features of  the blood supply to the brain. One is that there are anas- 
tomoses between the branches of the external  and internal  carotid arteries,  which are par t icular ly  well developed 
in dogs and cats [5, 7, 11, 14 ] .  In dogs the principal  anastomoses are the orbi tal  branch of the internal  m a x -  
i l l a ry  artery and the branch of the median meningeal  ar tery,  which or iginate  from the internal  carotid ar tery 
within the skull. In experiments  in which the brain was perfused through these anastomoses only ,S .  Bukart and 
S. Heymans found that sufficient blood was supplied to maintain function in the brain centers. They also found 
that  when the internal  maxi l l a ry  artery was l igatured below the anastomotic  branches, the flow along the inter-  
nal carotid artery was increased and the tissues of the head whose blood supply had been cut off were therefore 
supplied through the anastomoses. Because of this result,  many investigators [2, 13 and others] at t r ibute great  

s ignif icance to these anastomoses in regulat ing the blood supply to the brain during reflex responses in genera l ,  
when there is a change in the extracrania l  vascular tone. Thus, according to Heymans [ 1 3 ] ,  in hypotension,  
there is a reflex constriction of the extracrania l  vessels which originates from the sinocarotid and aorta1 re f lexo-  
genous zones,  and blood is displaced along the anastomoses towards the brain. In hypertension,  on account of a 

reflex d i la ta t ion  of the extracrania l  vessels, there is a shift of blood from the same zone along the anastomoses 
from the brain to vessels supplying other parts of the head. 

This d isp lacement  of blood along the anastomoses must be supposed to take p lace  only i f  the lumen of the 
arteries concerned changes passively due to al terat ions in ar ter ial  pressure, as Bukart and Heymans c la im.  How- 
ever,  there is a considerable amount of ev idence ,  to which our laboratory has contributed,  which suggests that 
ac t ive  changes in the tone of the cerebral  vessels occurs in response to nervous and humoral  influences,  and that  
under normal  conditions [4 ,  8, 10, 15] the blood pressure is not of great  s ignif icance.  

The shift of the blood along the anastomoses may also take p lace  i f  the ac t ive  change in the tone of the 
cerebral  vessels associated with a reflex response opposes that of the extracrania l  vessels; however,  many exper i -  
ments have been done in which the cerebral  and extracrania l  circulat ions have been isola ted,  and i t  is found that 

in most cases the response of the extracrania l  vessels and those supplying the brain are usually the same when 
evoked by various influences which bring about a reorganizat ion of the c i rculat ion.  They are somewhat better  
shown in the ext racrania l  c i rculat ion [1, 6, 9 and others ] .  These quant i ta t ive  differences may  establish con-  
ditions which bring about a shift of blood between the cerebral  and extracrania l  circulations.  Whether or not such 
a change occurs under normal conditions can be determined only by exper iment .  

In the present work, in order to de te rmine  the part played by the anastomoses, we have studied the react ion 
of the extracrania l  and the cerebral  vessels, both when the anastomoses were open and when they were closed. The 
same animal  was used for a number of different  reflex responses. 

M E T H O D  
The work was carried out on 19 adult  dogs under morphine and urethane anesthesia. We studied changes in 

the cerebra l  and extracrania l  blood supply before and after c lamping the anastomoses during the hypoxia,  hyper-  

capnia ,  or s t imulat ion of the interoceptors of the smal l  intest ine.  A flat  thermoelect rode [9] was used to re -  
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cord blood flow i n  the par ie ta l  meninges; the rate of flow in the external  carotid artery was measured by means 
of a Hoigns type thermoelectrode;  the arter ial  pressure in the femoral  artery was measured by a mercury mano-  

meter ,  and the respiratory movements were recorded by a pneumograph. Photographic records of a l l  these quan- 

tit ies were made  simultaneously,  

Fig. I. Reaction to hypoxia and to s t imulat ion of the small  intestine,  a) Re- 
action to hypoxia,  before compressing the anastomoses; b) react ion to hypox-  
ia ,  after compressing the anastomoses; c) react ion to s t imulat ion of the in-  
teroceptors before compression of the anastomoses; d) response to s t imulat ion 
of the interoceptors after compressing the anastomoses. Curves, from above 
downwards; respiratory movements;  blood flow in the cerebral  meninges; 
blood flow in the external  carotid artery; pressure in the femoral  artery; . . . .  
in t t ia t  l eve l  of  the quantity recorded. Vert ical  l ines indica te  the beginning 
and end of the applied stimulus. 

To c lamp the anastomoses, we made an approach from the base of the skull. A ventral incision was made 
through the skin starting at the menta l  protuberance and continuing i t  to the thyroid car t i lage.  We exposed the 
digastf ic  and mylohyoid muscles on both sides and all  vessels between them were carefully l igatured.  The mus-  
cles were separated with a retractor; the external  pterygoid muscle was then exposed, separated at  its point of 
a t tachment  to the crest of the pterygoid bone opposite the ar t iculat ion of the lower jaw by means of a thermo-  

8'/0 



cautery,  and then folded back la te ra l ly .  Beneath this muscle on the surface of the art icular  process of the lower 

jaw we exposed and dissected out the internal  maxi l l a ry  artery close to i t  s en t ry  into the pterygoid bone. We pass- 

ed a l igature  beneath it .  Then 0.8"1 cm rostral ly we separated the fibers of  the external  and internal  pterygoid 

muscles and found the e d g e  of the canal  where the internal  maxi l la ry  ar tery emerges.  From where i t  emerged i t  

was dissected out for 5-6 mm rostrally,  and a l igature was placed beneath i t  so as  to enclose the orbi tal  artery with 

its anastomosing branch. The ends of  both l igatures were brought out into the apertures at the base of a po lye thy-  
lene cyl indr ical  tube 3 mm in d iamete r  and 3 cm long, and were fixed with a cork to its outer opening. The artery 
was c lamped by pull ing on the ends of  the l igatures which were brought out from the tubes. At the end of the e x -  
per iment  we confirmed that  the arteries had been comple t e ly  t ied off. Deep i i lUmination was necessary for a sa t -  
isfactory preparat ion to be made.  

R E S U L T S  

Bilateral  compression of the anastomoses by pull ing on the l iga tures  caused ei ther  a small  reduction or an 
increase in the flow in the cerebral  meninges.  The change was shortlasting, and was apparent ly due to a pain re -  
act ion induced by compression of the vessels. This effect  was s ignal led somet imes by movements  of  the an imal  
and some increase  in ar ter ial  pressure. After only 30-60 seconds, the blood flow returned to the or iginal  l eve l  ob -  

taining before tying off the anastomoses. At the same t ime  the flow in the external  carotid artery was no t i ceab ly  
reduced,  and remained reduced for the whole t ime  the anastomoses were c lamped;  this effect  results from cutt ing 
off some of the vascular branches above  the point where the in ternal  maxi l l a ry  and orhital  arteries were c lamped .  

Hypoxia was induced by causing the animal  to breathe a mixture of 6 -7%oxygen  from a Douglas bag. Under 
normal exper imenta l  condit ions,  when the anastomoses are open,  hypoxia increases the rate of flow in the ex t ra -  
and in t racrania l  c i rculat ions,  as can be seen from Fig. 1, a. The react ion was the same in its magni tude  and d i -  
rect ion after compressing the anastomoses (Fig.  1, b). 

The receptors of the smal l  intes t ine were s t imulated by inflat ion with air to a pressure of  70-80 mm mercury.  
When the anastomoses were open,  inf la t ion caused an increased flow in t h e  meninges and in the external  ca ro t -  
id artery (Fig.  1, c). In most cases, compression of the anastomoses did not affect  the response, but somet imes  
there was a rather greater  increase in flow in the external  carotid ar tery,  while t h e  increase  in the meninges flow 
was not as g r ea t (F ig .  1, d). 

According to may  investigators,  hypercapnia ,  induced by causing an an imaI  to breathe air  containing an ex -  
cess of  CO 2 increases the blood supply to the brain. As far as the ext racrania l  vessels are concerned,  according to 
Green and his co-workers ~12] ,  who perfused the external  carotid ar tery,  breathing a mixture  of 10% CO z and air 
causes no change in the vascular  tone of these tissues. On the other hand, A. A. Kedrov and A. I. Naumenko [ 1 ]  

found that under normal  circulatory conditions,  asphyxia increases blood flow to the ext racrania l  tissues, an effect  
which they at t r ibute to the action of the excess CC h in the blood. In our exper imenta l  condit ions,  when the anas to-  
moses were open,  breathing a mixture  of 6-790 CO z always increased the flow in the cerebral  meninges,  while in 

the external  carotid artery there was ei ther  a smal l  decrease in the rate  of flow, or no change (Fig.  2, a,  c). 

After b i la te ra l  compression of the anastomoses,  in most cases the response to  excess of CO z showed no change,  
ei ther  in the cerebral  meninges  or in the ext racrania l  vessels (Fig.  2, b); however in some exper iments ,  there was 
some smal ler  increase  in the meningea l  flow, and a more marked decrease of t h e  flow in the external  carotid a r -  
tery than there had been when the anastomoses were open (Fig.  2, d). 

Therefore,  during genera l  reflex reorganizat ion of the c i rcula t ion  resulting from hypoxia ,  hypereapnia  or 
s t imula t ion  of  the intest inal  interoeeptOrs, the nature of the changes in blood f low to the brain and ext racrania l  
tissues is the same whether the anastomoses are  open or closed. The magni tude of the change also remains the 

same,  though in cer ta in  exper iments ,  the response was somewhat  smal ler  in the meninges when the anastomoses 
were c l amped ,  and somewhat greater  in the ext racrania l  vessels. Jewe.11 showed that the anastomoses may  be d e -  
veloped to a greater  or less extent  in different  dogs [ 1 4 ] .  This result  could explain  the fact  that  in rare cases i t  
is possible to observe smal l  movements  of blood along the anastomoses between the ex t ra -  and in t racrania l  vessels. 
Even during reverse changes of the blood flow in the ex t ra -  and in t racran ia l  vessels, the amount  of blood is not 
great ,  and has l i t t l e  effect  on the blood supply of the brain. 

Movement  of the blood along the anastomoses may  be very impor tant  during obstruction or l iga ture  of  the 
external  or internal  carot id arteries.  Large amounts of  blood may pass along the anastomoses to supply the tissues 
which have  been deprived of their  normal  c i rcula t ion.  This c i rcumstance  must be taken into account  when con-  
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Fig. 2. Reaction to hypercapnia,  a,c) Before compressing the anastomoses; 

b,d) after  compressing the anastomoses. Curves as in Fig. 1. 

Fig. 3. Reaction to c lamping the common carotid artery after l igature of 
the extracranial  vessels. In the dog, the lef t  carotid sinus was denervated 
and al l  the large vessels leaving i t  were l igatured except  for the internal  
carotid artery; on the right hand side all  the large vessels leaving the right 
carotid sinus were l igatured; the innervation was le f t  in tac t .  C.--  :s .  from 
above downwards: blood flow in the left  internal  carotid; dit to in the le f t  
l ingua ! artery; dit to in the cerebral  meninges; pressure in the femoral  a r -  
tery; $t -beg inn ing  and end of c lamping the common carotid artery. 
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sidering cerebral circulations, otherwise mistakes can be made. Thus, Bukart and Heymans ~7, 13~ talk about 
the passive increase in the cerebral blood supply during the carotid reflex, and base their statement on the fact that 
in a dog in which the external carotid arteries have been ligatured the flow along the internal carotid artery in- 

creases when pressure in the carotid sinus falls. However, under these conditions, the flow along the internal carotid 
will represent the blood supply not only of the brain, but also of the extraeranial tissues which are now supplied by 
backflow through the anastomoses from the internal carotid artery. This is shown by the results of our experiments, 
which we carried out under the same conditions as the experiment referred to; we recorded blood flow, not only in 
the internal carotid artery, but also in the meninges and in one of the branches of the external carotid artery. It can 
be seen from Fig. 3 that when the carotid artery is clamped, the flow through the meninges is not increased, but 
rather decreased through constriction of the vessels, while passive recovery of the flow occurs only in the vessels 
supplying the extracranial tissues. 

In assessing the results it must be remembered that under normal conditions, during reflex changes of the 
whole circulation, the passage of blood along anastomoses does not determine the blood supply to the brain; how- 
ever, when there is an obstruction or a ligature of one of the anastomosing vessels, the anastomoses critically affect 
the blood supply to the tissue in the region supplied by branches of the obstructed vessel. 

S U M M A R Y  
A study was made of the blood supply to the brain and the extracranial tissues in hypoxia, hypercapnia and 

during stimulation of the intestinal interoceptors; measurements were made before and after occluding the anasto- 
moses. The blood flow was recorded on a photokymograph. Simultaneous recordings were made, by a thermo- 
electric method, of the blood flow in the meninges and anterior carotid arteries, and of the arterial pressure and re- 
spiration. The results have shown: a) That occlusion of the anastomoses does not affect the cerebral blood supply, 
and b) that in reflex reactions of the general circulation, the nature and extent of the changes in blood flow in the 
extra- and intracranial vessels were nearly the same whether the anastomoses were intact or occluded. Even when 
there was a backflow of blood in the extra- and intracranial vessels, occlusion of the anastomoses had but little 
effect upon the cerebral blood supply, 
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