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o ted  Èha t  i n  t he  p resen t

a I  r es i s t ances  was  made .

f l ow  pa t t e rn .  Ye t ,  t he

0n thís evidence the

s  o f  t h e  v e s s e l  s i z e s  Í s

e  pe r i phe ra l  r es i s t ances

he  s i zes  o f  t he  e f f e renc

SUMMARY AND CONCLUSIONS

Th i s  t hes i s  dea l s  w i t h  Èhe  vascu la r  d i ame te rs  o f  t he  c i r c l e  o f  i ^ I i l l i s

i n  r e l a t i on  t o  t he  f l ow  i n  t h i s  a r t e r i a l  ne t \ ^ / o r k  and  v í ce  ve rsa .  The

basic quest ion is  raether the diameters of  the ar ter i -es which form lhe

c i r c l e  o f  W i11 i s  a re  adap ted  t o  t he  f l ux  t ha t  i s  p resen t  unde r  no rma l

c i r cums tances  ?

The  backg round  o f  t h i s  ques t i on  and  t he  success i ve  s teps  t ha t  have  t o  be

made  t o  come  !o  an  answer  a re  d i scussed  i n  Chap te r  I .

Chap te r  I I  r epo r t s  on  a  ma thema t i ca l  mode1 ,  cons i s t i ng  o f  5  a r t e r i a l

segmen ts ,  des igned  t o  s t udy  t he  haemodynamics  o f  one  pos te r i o r

commun i ca t i ng  a r t e r y ,  The  va r i ab les  i n  t he  mode l  a re  t he  d i ame te r  o f

t he  pos te r í o r  commun i ca t í ng  a r t e r y ,  t he  res i sÈance  i n  t he  ve r t eb ra l

a r t e r y  and  t he  ra t i o  o f  t he  two  pe r i phe ra l  r es i s t ances .  F rom th i s  s t udy

the  haemodynamica l  mechan i sms  become  c l ea r ,  The  t o ta l  f l u x  1n  t he  mode l

and  t he  f l uxes  i n  t he  e f f e ren t  vesse l s  a re  dom ina ted  by  t he  pe r i phe ra l

r es i s t ances ,  whe reas  t he  f l uxes  1n  t he  a f f e ren t  vesse l s  and  i n  t he

commun i ca t i ng  a r t e r y  a re  s t r ong l y  i n f l uenced  by  t he i r  ov rn ,  comparab l y

sma l l ,  r es í s t ances .  Mo reove r ,  í t  appea red  t ha t  t he  s t r onges t  í n f l uence

o f  t he  d i ame te r  o f  t he  pos te r i o r  commun i ca t i ng  a r t e r y  i s  w i t h l n  t he

range of  anatomical  var iat i ,on.

The model  showed a t tcompensatory capaci ty ' r  for  changes of  the

res í s tances  i n  t he  a f f e ren t  vesse l s  t ha t  í s  v i r t ua l l y  i ndependen t  o f  t he

d iame te r  o f  t he  pos te r i o r  commun i ca l i ng  a r t e r y ,  wh l ch  can  be  unde rs tood

from Ëhe mechani-sm indicated above.

I n  Chap te r  I I I  t he  p rev i ous  ma thema t i ca l  mode l  i s  ex tended  t o  an  18 -

segmen t  mode l  o f  t he  c i r c l e  o f  W i11 i s  and  í t s  a t t r i bu ta r i es .  The

mechanisms found in the s iurple model  appear not  to be rnodi f ied by the

excêns10n .

Agaín,  the ínf luence of  d i -ameters of  the communicat ing

segments of  the c i rc le of  t r r r111is turns out  to

espec ía l l y  i n  t he  range  o f  t he  ana tom ica l  va r i a t i ons

For exampler êny asymmetry of  the system wi th the

ve r t eb ra l  a r t e r í es  appea rs  t o  i nduce  a  f l ux

communicat lng ar tery.

a r t e r i es  and  Ehe

be  cons ide rab le ,

o f  t h e  d i a m e t e r s .

excep t i on  o f  t he

i n  t he  an te r i o r

Spec ia l  a t t en t i on  has  been  pa i - d  t o  t he  poss ib l e  occu r rence  o f  a  " dead

po in t t t  i n  t he  f l ow  t h rough  t he  pos te r i o r  commun íca t i ng  a r t e r i es ,
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A s  i t  c a m e  o u t  s u c h  a  " d e a d  p o i n  t "  i s  n o t  t o  b e  e x p e c t e d  i n

p h y s i o l o g i c a l  c o n d í t i o n s ,  e v e n  i n  t h e  p r e s e n c e  o f  E h e  p o s t e r i o r

p e r f o r a t i n g  a r t e r i e s .

I n  Chap te r  IV  a  mode l  i s  p resen ted  í n  wh i ch  t he  ma thema t í ca1

desc r i p t i on  o f  t he  f l ow  i s  d ras t í ca l l y  s i np l i f i ed  by  neg lec t í ng

pu l sa t i l i t y  and  vesse lwa l l  e l as t i c i t y .  The  pu rpose  o f  t he  s imp l í f i ca t i on

i s  t o  make  a  more  ana l y t i ca l  app roach  poss ib l e .  Compar i son  \ ^ r i t h  t he

resu l t s  f r o rn  t he  p rev i ous ,  mo re  soph i s t i ca ted  mode l  y i e l ded  good

equ i va lency  o f  bo th  mode l s  f o r  t he  t íme  ave raged  f 1ux .  Wí th  t h i s  mode l

t h e  m e c h a n i s m s  t h a E  g o v e r n  t h e  f l u x e s  c a n  b e  d e s c r i b e d  a l g e b r a í c a l l y ,

through which the re lat ions betrreen form and haemodynamícs can be

demons t ra ted  more  s imp l y  and  conven ien t l y .

F rom th i s  pa r t  o f  t he  s tudy  í t  can  be  conc luded  t haÈ  t he  sens l t í v i t y  o f

t he  f l uxes  t o  s rna11  changes  o f  t he  d i a rne te r s  i s  based  on  t he  p r Í nc i p l es

o f  t he  l ^ Jhea t s tone -b r i dge ,  known  f r om e lec t r i ca l  c i r cu i t  t heo ry  f o r  í t s

L i  ^ L  ^ ^ - ^ i  + i - - i  + . .
L r r é L r  D r r r r r L r v r L j / .

C h a p t e r  V  a n d  C h a p t e r  V I  d e a l  w j t h  E h e  m o r p h o l o g Í c a 1  p a r t  o f  t h e

s t u d y .  C h a p t e r  V  r e p o r t s  o n  a  u n i v a ï i a t e  a n d  b i v a r i a t e  a n a l y s í s  o f

vesse l  d i ame te rs  ob ta i ned  f r om 100  c i r c l es  o f  W i11 i s .

Th i s  daEa  y i e l ded  no  ev i dence  o f  d i f f e rences  be tween  l e f t  and  r i gh t

s i d e d  v e s s e l s  i n  t h e  s a m p l e  w i t h  t h e  e x c e p t i o n  o f  t h e  v e r t e b r a l  a r t e r y .

An  impo r tan t  sou rce  o f  va r i a t i on  i s  t he  gene ra l  s i ze fac to r .  When  t he

da ta  i s  c l ea red  f r om th í s  gene ra l  s i ze  va r i a t i on ,  co r re l a ! i on

coe f f í c i en t s  r evea l  Í nLe res t i ng  re l aL ions  be t r , Jeen  t he  vesse l s .  The

p o s t e r i o r  c o m m u n i c a t i n g  a r t e r i e s  a r e  c o r r e l a t e d  p o s i t Í v e l y  E o  t h e

ips i l a t e ra l  ca ro t i d  a r t e r y ,  whe reas  a  s t r ong  i nve rse  re l a t i onsh ip  ex i s t s

w i t h  t he  bas í l a r  a r t e r y  and  t he  p recon rnun i ca t i ng  pa r t  o f  t he  i ps i l a t e ra l

pos te r i o r  ce reb ra l  a r t e r y .  These  re l a t i onsh ips  can  be  unde rs tood  f r om

the  expec ted  pa t t e rns  o f  t he  b l ood  f l ow  i n  t hese  vesse l s .  S im i l a r

re l a t i onsh ips  can  be  f ound  i n  t he  an te r i o r  pa r t  o f  t he  c i r c l e  o f  t r r t i 111s

and  i n  t he  ve r t eb ro -bas i l a r  j unc t i on .  I n  a  d i f f e ren t  manne r ,  t he

re l a t i on  be tween  b l ood  f l ow  and  vesse l  s i ze  w i t h i n  t he  c í r c l e  o f  W i l l i s

can  be  demons t ra ted  i n  an  " i n t u i t i ve t t  mode l  by  r e l a t i ng  t he  ra t i os  o f

t he  s i zes  o f  a f f e ren t  and  e f f e ren t  a rÈe r í es  t o  t he  s i zes  o f  t he

pos te r i o r  co Ímun i ca t i ng  a r t e r i es .  The  supposed  co r re l a t i ons  o f  t he

ou t come  o f  t h l s  t t i n t u i t i ve t '  mode l  w i t h  t he  s i ze  o f  Ehe  commun i ca t i ns

a r t e r i es  appea red  t o  be  h i gh l y  s i gn i f i can t ,

9 0 .
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I t  i s  conc luded  t ha t  t he  va r i a t i ons  o f  t he  c í r c l e  o f  W11 l i s  a re  r e l a ted

to the indiv idual  var iat ions of  the blood f low in th is ar ter ia l  netr^rork.

Since Èhe number of  var iables per indiv idual  is  large mul t ívar iate

s ta t i s t i ca l  t echn iques  a re  t he  mos t  app rop r i a te  me thod  t o  ga in  i ns ígh t

i n  t he  re l a t i ons  o f  vesse l  s i zes  t haÈ  ex i s t  $ / i t h i n  t he  c i r c l e  o f  I n l i l l i s .

In Chapter VI  the resul ts of  a pr incipal  component analysis of  the

da ta  f r om Chap te r  V  a re  d i scussed .  Th i s  ana l ys i s  was  ca r r i ed  ou t  w l t h

the  s i ze - s tanda rd i zed ,  da ta .  I n  gene ra l ,  i n ve rse  re l a t i onsh ips  hTe re

found  be t$ reen  vesse l s  i n  wh í ch  i t  i s  expec ted  t ha t ,  based  on  t he

haemodynamical  re lat ions,  the f luxes in both vessels have a rrconstant ' r

sum. The re lat ions found in Chapter V are agai-n c lear ly demonstrated in

th is mul t ivar ia!e analysis.  The homonymous ef ferent  ar ter Íes appear to

be  c l ose l y  r e l a ted  and  show  va r i a t i on  t ha t  i s  i ndependen t  o f  t he  o the r

vesse l s .  Toge the r  t he  f i r s t  s i x  p r i nc i pa l  componen ts  exp la i n  697 "  o f  t he

va r i ance .

Based  on  t hese  da ta  a  hypo thes i s  Í - s  p resen ted  t ha t  a t t r i bu tes  t he

o r l g i n  o f  t he  va r i a t i on  o f  Èhe  c i r c l e  o f  l , l i l l i s  t o  d i f f e ren t i a l  g row th

in  t he  head -neck  reg ion  du r í ng  t he  f í r s t  two  decades  o f  1 i f e .
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