
AFRICAN JOURNAL O F 
MEDICINE 

and medical sciences 



It* i \ f . j »,t J Si I 1 2 0 0 3 ) 3 2 . 3 8 1 - 3 8 5 

S o n o g r a p h i c evaluat ion of p laque morpho logy in h a e m o d y n a m i c and 
n o n - h a e m o d y n a m i c symptomat ic carotid artery stenoses . 

VA A d e t i l o y c a n d S.AI D a m c g h 
Department of Radiology. King Khali J University Hospital. Riyadh. Kingdom of Saudi Arabia 
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s tud i e s \ \ ore p c r f o n n c d on 52 consccu t ivc pat ients wi th 63 carotid 
a n e n e s (I I pa t ients w i t h bilateral carot id interrogation). T h e cases 
w e r e c lass i f ied into t w o s t u d y g r o u p s — n o n - h a c m o d y n a m i c a l l y 

5 0 °o) a n d h a c m o d y n a m i c a l l y ( = 5 0 % ) s ign i f i can t s t enoses in 
re la t ion to c l in ica l e v e n t s a n d c a r o t i d p l a q u e c c h o m o r p h o l o g y . 
O f t he 6 3 c a r o t i d a r t e r i e s tha t w e r e e v a l u a t e d , 3 6 (57 .1 % ) 
r e v e a l e d n o n - h a e m o d y n a m i c a n d 2 7 ( 4 2 . 9 % ) h a e m o d y n a m i c 
s t e n o s e s O u r s t u d y c o n f i n n e d that m o r e than hal f o f the cases 
w i t h h e m i s p h e r i c s y m p t o m s ( s t r o k e a n d T I A ) w e r e re la ted to 
n o n h a e m o d y n a m i c s t e n o s i s a c c o u n t i n g fo r 5 3 . 7 % . W h i l e 
h c t c t o g e n e o u s and h o m o g e n e o u s p l a q u e s were seen in both s tudy 
g r o u p s w i t h h e m i s p h e r i c s y m p t o m s , n o h e t e r o g e n e o u s p l a q u e 
w a s s e e n in h a e m o d y n a m i c s t e n o s i s w i t h n o n - h e m i s p h e r i c 
s v m p t o m s N o s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s w e r e seen 
b e t w e e n h e t e r o g e n e o u s a n d h o m o g e n e o u s p l a q u e s in n o n -
h a e m o d y n a m i c a n d h a e m o d y n a m i c c a s e s . P r e d o m i n a n t l y 
hy p o e c h o i c s t e n o s e s , r e p r e s e n t i n g t h r o m b o t i c mater ia ls a re m o r e 
c o m m o n in h a e m o d y n a m i c c a s e s o f s t r oke a c c o u n t i n g fo r 6 4 . 3 % 
and in 7 6 9 % o f n o n - h a e m o d y n a m i c c a s e s in T I A . P laque su r face 
i r r egu la r i t y a n d u l c e r a t i o n d id no t s e e m to be r e l a t ed t o t he 
s e v e r i t y o f s t e n o s i s a s t h e r e w a s n o s t a t i s t i c a l l y s i g n i f i c a n t 
d i f f e r e n c e in the f r e q u e n c i e s . H o w e v e r , w h i l e i r regular ly su r faced 
p l a q u e s a r e o f e q u a l f r e q u e n c y in n o n - h a e m o d y n a m i c a n d 
h a e m o d y n a m i c c a s e s in s t r o k e , t h e r e w a s n o u l ce ra t ion in n o n -
h a e m o d y n a m i c c a s e s . T h e r e w a s p r e p o n d e r a n c e o f i r r egu l a r 
s u r f a c e d p l a q u e s in n o n - h a e m o d y n a m i c a n d u l c e r a t i o n in 
h a e m o d y n a m i c c a s e s in T I A O u r s t u d y s h o w e d h igher f r e q u e n c y 
of s m o o t h p l a q u e m re l a t ion to h e m i s p h e r i c a n d n o n - h e m i s p h e r i c 
s y m p t o m s in n o n - h a e m o d y n a m i c s t e n o s i s a n d m a i n l y u l ce ra t i on ' 
i r regular p l a q u e s in h a e m o d y n a m i c s tenos i s . T h e t rend o f p l a q u e 
c c h o m o r p h o l o g y a n d s u r f a c e c h a r a c t e r i s t i c s in the s t u d y g r o u p s 
w e r e h i g h l i g h t e d . T h e p a t h o g e n e s i s o f t h e s y m p t o m s w a s 
d i s c u s s e d . In c o n c l u s i o n , t h e r e is m o r e t o t h e o c c u r r e n c e 
h e m i s p h e r i c s y m p t o m s t h a n t h e s e v e r i t y o f t he s tenos i s . W h i l e 
How- l imi t ing e f f e c t s o f s t e n o s i s in c o n j u n c t i o n w i t h or w i t h o u t 
e m b o l i c p o t e n t i a l s a r e c a u s e s o f s y m p t o m s in h a e m o d y n a m i c , 
e m b o l i c p o t e n t i a l s a r e t h e m a i n f a c t o r s in n o n - h a e m o d y n a m i c 
c ascs 

K e y w o r d s : Atherosclerosis, carotid stenosis, ultra sound, 
i arditn ascular disease 

R e s u m e 
D e s e t u d e s d c I ' u l t r a s o u n d d u p l e x p r o p e c t i v c e t l a 
r a d i o g r a p h i c c o l c u r d e D o p p l e r c t a i c n t f a i t c s u r 5 2 p a t i e n t s 
c o n s e c u t i f s a v e e 6 3 a r t c r c s c a r o t i q u e ( I 1 p a t i e n t s a y a n t 
la c a r o t i d c b i l a t c r a l c i n t e r r o g a t i o n ) . C e s p a t i e n t s c t a i c n t 
c l a s s i f i e s e n 2 g r o u p e s d e s t c n o s c n o n - h e m o d y n a m i q u c 
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( < 5 0 % ) ct de h e m o d y n a m i q u e s ( > 5 0 % ) s ign i f i ca t ive cn re la t ion 
avee les s y m p t o m c s cl iniqucs et P c c h o m o r p h o l o g i e du nocud d e 
la carotidc. Sur 63 artcrcs carot iques cvalues , 3 6 ( 5 7 % ) mont ra icn t 
d e s s t e n o s e s non h e m o d y n a m i q u e ct 27 ( 4 2 . 9 % ) dc s t c n o s c 
h e m o d y n a m i q u e a v e e p lus dc la m o i t i c d e s c a s a y a n t d e s 
s y m p t o m c s hcmiphcr iqucs (Stroke . T I A ) lies a la s t cnosc n o n -
h e m o d y n a m i q u c . Ccpcndant les p laques hc tcrogcnc ct h o m o g e n e 
c ta icnt o b s e r v e s dans c h c z les 2 g roupes ayant d e s s y m p t o m c s 
h e m o d y n a m i q u e . La s t cnosc h y p o c c h o i q u e r c p r c s c n t a n t les 
m a t c r i c l s t h r o m b o t i q u c son t p lu s c o m m u n en s t r o k e d e cas 
hcmiphcr ique de 64.3% et 76 .9% cn TIA dc cas non-hemisphcr iquc 
ayant u n e u lcera t ion .Unc f requence egale des p laques i r rcgul iere 
cn su r f ace ctait observe . Ce t tc e tude a m o n t r c u n e f r c q u c n c c 
c lcvcc d e s p laques douce en relation aux s y m p t o m c s dc la s tcnosc 
h c m i s p h c r i q u c ct n o n - h e m i s p h c r i q u c ct e s s e n t i c l l c m c n t 
f u l c c r a t i o n / l a s t cnosc hcmispphc r iquc a p laque irrcgulicr. Les 
t c n d c n c c s d e s p l a q u e s c c h o m o r p h o l o g i q u c s c t l e s 
character is t r iqucs des surfaces chcz ces groupes ctaicnt c luc idees 
ct la p a t h o g e n e s e des s y m p t o m c s discutce. En con tus ion , il y a 
p lus de s y m p t o m c s hcmisphcr iqucs que lc scvcri tc dc la s tcnosc . 
C c p c n d a n t , les c f f ec t s dc la s tcnosc cn con jonc t ion avee ou sans 
d e s p o t e n t i a l c m b o i i q u e s son t l e s c a u s c s d e s s y m p t o m c s 
d T i c m o d y n a m i q u c s ct qui sont d e s facteur pr incipal d e s cas 
n o n - h e m o d y n a m i q u c . 

I n t r o d u c t i o n 
Severa l s tud ies have related the extent o f a thcrosclcrot ic les ions 
a n d the sever i ty of the a t tendant s tenos is to the p r e s e n c e o f 
c l inical ly mani fes t cerebrovascular disease ( C V D ) such a s s t roke 
a n d t ransient i schaemic at tack (TIA) [1 ,2 ] . Whi le s o m e s tud ies 
s h o w e d that hacmodynamica l l y s ignif icant s tenoses a rc m o r e 
o f t e n assoc ia ted wi th s t roke and T IA , pa thologic s tud ies h a v e 
sugges t ed that cer tain types of a thcrosclcrot ic p laques a r c m o r e 
l ikely to cause ce rebrovascu la r s y m p t o m s [ 1 ]. 

Dopp l c r u l t rasound (US) of the carot id ar ter ies is a 
w e l l r e c o g n i z e d d i a g n o s t i c m o d a l i t y u s e d f o r s c r e e n i n g 
hacmodynamica l ly significant (= 5 0 % lumen diameter narrowing) 
internal carotid stenosis. This has shown that d i f fe rences in the 
texture of the athcrosclcrotic plaque arc related to the l ikelihood of 
d isease progression [2] and clinical event [3, 4] 

S i n c e less t han 5 0 % o f pa t i en t s wi th h e m i s p h e r i c 
s y m p t o m s h a v e h a c m o d y n a m i c a l l y s ignif icant s tenoses [5], it is 
i m p o r t a n t to e v a l u a t e the n o n h a c m o d y n a m i c a l l y s ign i f i can t 
s tenoses , which even though do not produce f low-l imit ing effects , 
yet p r o d u c e C V D . 
T h e p resen t study, eva lua tes the s o n o g r a p h i c m o r p h o l o g y of 
c a r o t i d p l a q u e s b e t w e e n the h a c m o d y n a m i c a l l y a n d n o n -
h a c m o d y n a m i c a l l y s igni f icant s t enoses in relat ion to c l inical ly 
m a n i f e s t hemisphe r i c s y m p t o m s . 

P a t i e n t s a n d m e t h o d s 
A 1 ' -year ( J u n e 1999 D e c e m b e r 2 0 0 0 ) p rospec t ive dup lex 
u l t r a sound and co lo r Dopp lc r imag ing s tudies w e r e p e r f o r m e d 
wi th 5 & 7 M H z linear array t ransducers o f A loka m a c h i n e on 52 
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consccu t ivc pa t i en t s ( 4 0 m e n and 12 w o m e n ) wi th 6 3 ca ro t ids 
(11 patients with bilateral carot id interrogat ion) at the King Khalid 
U n i v e r s i t y H o s p i t a l , R i y a d h , S a u d i A r a b i a . P a t i e n t s w e r e 
examined a f t e r a s u s p e c t e d cl inical impress ion of acu te C V D 
related even t s a n d c o n f i r m a t i o n by c o m p u t e d t o m o g r a p h y . T h e 
age ranged f r o m 4 7 — 87 y e a r s ( m e a n ± S D = 75 .3 + 3 .3 years ) . 

T h e sys to l ic ve loc i t i e s ( P S V ) m e a s u r e d in the internal 
c a r o t i d a r t e r i e s w e r e t h e p r i m a r y d i a g n o s t i c c r i t e r i a f o r 
de te rmin ing d iamete r s tenosis . Velocit ies less than 1.5m/scc w e r e 
ca tegor ized into < 2 4 % , 2 5 % - 4 9 % s tenoses , 1.5 — 2 . 5 m / s c c 
were cons ide red to represen t 5 0 % - 7 4 % s tenoses , 2 .5m/scc 
cor responded to 7 5 % - 9 9 % [ 1 ]. 

Occ lus ion w a s d e t e r m i n e d by absence of spectral s ignal . 
Co lour Dopp lc r w a s u sed to c o n f i r m such occ lus ions . T h e cases 
w e r e f u r t h e r c l a s s i f i e d i n t o t w o s t u d y g r o u p s v iz — n o n -
h a e m o d y n a m i c ( s tenos i s < 5 0 % ) or haemodynamica l l y (s tenosis 
= 50 % ) s igni f icant . Cl inical even t s a s occur red in these g r o u p s 
were recorded . T h e ccho t cx tu re of each carotid arterial lesion of 
focal wal l th ickness of at least 1 .5mm w e r e ca tegor ized . T h e s e 
were classif ied into h o m o g e n e o u s p laques when the echogenic i ty 
is u n i f o r m or h e t e r o g e n e o u s w h e n m i x e d , respec t ive ly . T h e 
dominan t cchopa t t c rns a s wel l as the su r face charac ter is t ics o f 
the p laques w e r e a lso noted . 

C l i n i c a l da t a d o c u m e n t e d f r o m the p a t i e n t s r e c o r d 
included p resence o r absence of bruit in the neck, b lood pressure 
(BP), history of diabetes , laboratory measurements of low-density 
l i p o p r o t e i n ( L D L ) a n d h i g h - d e n s i t y l i p o p r o t e i n ( H D L ) 
c h o l e s t e r o l l e v e l s a n d s c r u m g l u c o s e level . P a t i e n t s w i t h 
ver tebrobas i la r and ca rd iac s y m p t o m s w e r e exc luded f rom the 
study. All data w e r e analysed on a microcomputer us ing the S P S S 
statistical p r o g r a m m e ( S P S S Incorp. 1999). All d i f f e rences w e r e 
taken a s s igni f icant at P <0 .05 . 

F ig . 1: Distr ibut ion o f ccho tcx tu re in re la t ion to c l inical events 

Stroke 
O f the 30 cases wi th s t roke, 53 .3 % (n = 16/30) w e r e re la ted to < 
5 0 % s tenos is and 46 .7 % (n = 14/30) to = 5 0 % s tenos i s (Fig . 2). 
H o m o g e n e o u s p laques w e r e m o r e c o m m o n in < 5 0 % lesions, 
a ccoun t ing for 56.3 % whi l e h e t e r o g e n e o u s p l a q u e s w e r e more 
in> 5 0 % account ing for 57.1 %. A l though , there w a s n o statistical 
d i f fe rence , the trend w a s that the f r e q u e n c y o f the h o m o g e n e o u s 
p laque decreased f rom 9 in < 5 0 % to 6 in = 5 0 % a n d that of 
he te rogeneous sl ightly increased f rom 7 to 8. 

The re w a s m o r e o f hypc rccho ic p l a q u e s in < 5 0 % cases 
[56.3 % (n 9 /16) ] than = 5 0 % cases [35 .7 % (n = 5 /14) ] (Table 
2). Ca lc i f i ed hypoecho ic p l a q u e s w e r e seen in 4 ou t o f 9 cases in 
= 5 0 % cases . T h e trend w a s that the f r e q u e n c y o f hyperecho ic 
p laque decreased f rom 9 in < 5 0 % to 5 in = 5 0 % and that of 
hypoecho ic increases f r o m 7 in < 5 0 % t o 9 in = 5 0 % cases . 

R e s u l t s 
O f the 63 caro t id a r te r ies that w e r e eva lua t ed , 3 6 (57.1 % ) 
r e v e a l e d n o n - h a c m o d y n a m i c ( < 5 0 % ) a n d 2 7 ( 4 2 . 9 % ) 
hacmodynamic (= 50 % ) stenosis. Thir ty (47.6 % ) carotid arteries 
were invest igated for s t roke, 24 (38.1 % ) f o r T I A a n d 9 (14.3 % ) 
for n o n - h e m i s p h e r i c s y m p t o m s ( loss o f v i s ion 3, p to s i s 3, 
intermittent c laudica t ion 2 and Takayasu arteri t is I). 

T a b l e 1: Dis t r ibut ion 
severity of s tenosis 

o f clinical even ts in relation to the 

Clinical 
Events <24 % 

Severi ty o f s tenosis 
25 - 4 9 % 

on US 
50 - 74 % 7 5 - 9 9 % 

Total 

Strok 6 10 8 6 30 (47.6) 
Tia 4 9 6 5 24 (38 .1) 
Others 4 3 - 9 ( 1 4 . 3 ) 
Total 14 22 16 II 6 3 ( 1 0 0 ) 

Others - Non-hemispheric symptoms 

Table 1 s h o w s the dis t r ibut ion o f the cl inical even t s in 
relation to the sever i ty o f s tenosis and Fig. 1, the f r e q u e n c y of 
cchotcxture to clinical event . Twenty n ine (53.7%,) out o f 54cascs 
with hemispher ic s y m p t o m s (S t roke and T I A ) and seven (77 .8 
% ) out of nine cases with non-hemispher ic , we re related to < 5 0 % 
stenosis. N o s ignif icant d i f f e r ences w e r e found in the f r equency 
of risk factors such as hyper tens ion , hype rcho les t e ro l emia a n d 
diabetes in the groups . Th ree pa t ien ts wi th carot id bruit w e r e 
seen with > 75 % s tenoses . 

T a b l e 2 : Frequency dis t r ibut ion of c c h o m o r p h o l o g y in 
relation to clinical e v e n t s and sever i ty o f s t enos i s 

Plaque St roke Tia O t h e r s Total 
c chomorpho logy < 5 0 % > 5 0 % < 5 0 % > 5 0 % < 5 0 % > 5 0 % 

I Ieterogcncous 
1 lyperechoic 4 3 2 2 1 12 
I Ictcrogencous 
I lypocchoic 3 5 3 2 1 14 
1 lomogencous 
I lyperechoic 5 2 1 1 3 1 15 
I lomogeneous 
Hypoecho ic 4 4 7 4 2 1 22 
Total 16 14 13 11 7 2 63 

<50 % = Non-haemodvnannc Stenosis 
>.50 % = Haemixty namic Stenosis 
Others » Non-hemispheric Symptoms 

W h i l e there w a s no d i f f e r ence in the f r equency of the irregularly 
su r faced p l aque ( d o m i n a n t fea ture) be tween the t w o groups (9 
cases each) , it w a s clear that the smooth sur faced lesions were 
p r e d o m i n a n t in the < 5 0 % (7/8) cases . Four ulcerated lesions 
w e r e seen in the = 5 0 % cases and none in the < 5 0 % cases. 

Althoxigh, there w a s n o d i f f e r ence in the frequency of 
i r r e g u l a r s u r f a c e d p l a q u e s in = 5 0 % a n d < 5 0 % g r o u p s , 
h e t e r o g e n e o u s p l a q u e s s h o w e d m o r e i r r e g u l a r s u r f a c c 
charac ter is t ics in both groups . 

TIA 
Thi r t een o f the 24 eases (54 .2 % ) were related t o < 5 0 % 
and 4 5 . 8 % (n I 1/24) t o = 5 0 % stenosis ( f ig 2). 
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l- iil- 2 f r e q u e n c y dis t r ibut ion o f c l in ica l e v e n t s in re la t ion t o 
s e v e r i t y o f s t enos i s . 

H o m o g e n e o u s p l a q u e s w e r e m o r e c o m m o n in b o t h g r o u p s 
a c c o u n t i n g fo r 6 1 . 5 % (n = 8 / 1 3 ) a n d 6 3 . 6 % (n = 7 /11 ) in < 
5 0 % a n d = 5 0 % s tenos i s r e s p e c t i v e l y . T h e r e w a s s i g n i f i c a n t 
p r e p o n d e r a n c e o f h y p o c c h o i c p l a q u e s in < 5 0 % s t e n o s i s e a s e s 
a c c o u n t i n g fo r 7 6 . 9 % (n = 10/13) but s l igh t in = 5 0 % s tenos i s 
e a s e s a c c o u n t i n g for 54 .5 % (n = 6/11) ( T a b l e 2 ) . T h e t r end w a s 
a s i g n i f i c a n t d e c r e a s e in the f r e q u e n c y o f h y p o c c h o i c p l a q u e s 
f r o m the < 5 0 % to = 5 0 % c a s e s . I r r e g u l a r l y s u r f a c e d p l a q u e s 
w e r e m o r e in < 5 0 % s t enos i s c a s e s a c c o u n t i n g fo r 7 c a s e s w h i l e 
u l ce r a t i on w a s m o r e in = 5 0 % c a s e s w i t h a f r e q u e n c y o f 4 . N o 
d i f f e r e n c e w a s s e e n in t h e f r e q u e n c y o f t h e s m o o t h p l a q u e s 
b e t w e e n t h e t w o g r o u p s ( T a b l e 3). 

Von-hemtspheric (other) symptoms 
T h e s e w e r e c a s e s that w e r e in i t i a l ly t h o u g h t to b e d u e to C V D 
but r u l e d out o n CT. T h e p r e s e n c e o f t h e p l a q u e s w a s no t re la ted 
lo t he p r e s e n t i n g c o m p l a i n t s e s p e c i a l l y in t h e 2 c a s e s w i t h = 
5 0 % s t e n o s i s w h o p r e s e n t e d w i t h p t o s t s . 

T a b l e 3 ' F r e q u e n c y d i s t r i b u t i o n o f s u r f a c e c h a r a c t e r i s t i c 
m r e l a t i on to c l in i ca l e v e n t s a n d s e v e r i t y o f s t e n o s i s 

P l a q u e v u r f a c c S i n i k c T I A O t h e r s Toia l 
( l u r a c i c n M i c < 5 0 > 5 0 «-50 °-o > 5 0 ? o < 5 0 ° . > 5 0 °xo 

S m o o i l ' 7 I 4 4 5 2 23 
Irregular 9 9 7 3 2 - 30 
U l c c r a t e d 4 2 4 - 10 
Tuial 16 14 13 1 1 7 2 6 3 

• *•() •«. * \un-ha<?mod\ namtt. SU'flosnt 
f-i = Ha?nu>J\ namu Stenvsis 

f>ih<-rK - V o / i - h e m i s p h i T t c S\mptoni% 

O u t o f t he 9 c a s e s . 2 ( 2 2 . 2 % ) w e r e r e l a t e d t o = 5 0 % s t e n o s i s a n d 
7 ( 7 7 . 8 %) . < 5 0 % s t e n o s i s ( f i g 2 ) . 
T h e t w o = 5 0 % c a s e s w e r e h o m o g e n e o u s in e c h o t e x t u r e w i t h 
Mnall c a l c i f i ca t i ons . 5 o f t he < 5 0 % c a s e s w e r e h o m o g e n e o u s a n d 
2. h e t e r o g e n e o u s . P r e p o n d e r a n c e o f h y p e r c c h o i c a n d h y p o c c h o i c 
p l a q u e s w e r e n o t e d in < 5 0 % than in = 5 0 % c a s e s ( T a b l e 2) . T w o 
of the < 5 0 % c a s e s w e r e a s s o c i a t e d w i t h m i l d l y i r regu la r s u r f a c e d 
p l a q u e s w i t h < 2 4 % s t e n o s i s . T h e s e w e r e t h e c a s e s o f T a k a y a s u 
a r t e r i t i s a n d o n e i n t e r m i t t e n t c l a u d i c a t i o n . T h e r e m a i n i n g five 
c a s e s w i t h < 5 0 % s t e n o s i s a n d t h e t w o w i t h = 5 0 % s t e n o s i s 
s h o w e d s m o o t h p l a q u e s ( T a b l e 3) . 

D i s c u s s i o n 
Our study confirmed that more tlian half o f the cases with hemispheric 
symptoms were related to < 5 0 % stenosis accounting for 53.7 % This 
is similar to the finding in tlie study by Carroll [5]. 

T h e a thc rosc l c ro t i c p l a q u e t e x t u r e i s s h o w n to b e 
related to clinical even t s in both s tudy g roups . P rev ious s tud ies 
h a v e s h o w n that he te rogeneous cchogcncn ic i t y w a s indica t ive 
o f p laque haemor rhage [ 6 , 7 ] and a t tempt had a l so been m a d e to 
i n v e s t i g a t e a s s o c i a t i o n b e t w e e n p l a q u e h a e m o r r h a g e , 
he terogeneous and hemispher ic s y m p t o m s [8], Inspitc o f all these, 
n o s tudies h a v e isolated p l aque fea tu res pecul iar t o pa t ien ts wi th 
a s y m p t o m type [9]. Assoc ia t ions o f risk fac tors to h e m i s p c h c r i c 
s y m p t o m s have been m a d e with cchotcxturcs. Echogcnic p laques 
w e r e found to be m o r e c o m m o n in m e n , coronary ar tery d i s ea se 
a n d s m o k e r s w h i l e e c h o lucent p laques w e r e m o r e in w o m e n 
and d iabe t i c s [10] . Such assoc ia t ions w e r e not s ign i f ican t o r 
related to the d e g r e e of s tenos is in our study. 

Hypoccho ic homogeneous p laques which a rc regarded 
a s n e w l y fo rmed p laques [11] h a v e been s h o w n t o herald an 
inc reased r isk o f d e v e l o p m e n t o f T I A o r s t roke [12] . T h e s e 
p r e v i o u s s t u d i e s h o w e v e r , d id no t s e p a r a t e l y a n a l y s e t h e 
echogen ic i ty in d i f fe ren t deg ree s of s tenos is a s w e h a v e d o n e in 
th is s tudy in relat ion to cl inical events . 

F i g . 3 : Sonogram of the left internal carotid artery, showing a 
heterogeneous hypercchoic plaque (black arrow head) causing 80%-
90% stenosis. Note the filling of the spectral window (spectral 
broadening) and aliasing from post-stenosis turbulcncc 

In o u r s tudy , h e t e r o g e n e o u s p l a q u e s (F ig . 3) w e r e 
f o u n d in h igh f r e q u e n c y in both < 5 0 % and = 5 0 % s tenoses , in 
ca ses p r e s e n t i n g wi th h e m i s p h e r i c s y m p t o m s - s t roke and T I A , 
w h i l e n o h e t e r o g e n e o u s p l a q u e w a s seen in = 5 0 % s tenos i s wi th 
n o n - h e m i s p h e r i c s y m p t o m s (Tab le 2) . S i n c e the re w e r e n o 
s ta t is t ical ly s ign i f i can t d i f f e r e n c e s be tween he t e rogeneous and 
h o m o g e n e o u s p l aques in < 5 0 % and = 5 0 % s tenos i s eases , these 
h a v e not d i s t i n g u i s h e d the o c c u r r e n c e o f s y m p t o m s in bo th 
g r o u p s . H o w e v e r , h e t e r o g e n e o u s p laques h a v e been found to be 
m o r e r e spons ib l e for the occu r r cncc o f hemisphe r i c s y m p t o m s 
in genera l [1.4,1 1,13]. 

T h e p a t h o g e n e s i s o f these s y m p t o m s has been re la ted 
to the p r e s e n c e o f i n f l a m m a t i o n in the p l aques as d e m o n s t r a t e d 
by the inc rease n u m b e r s o f m a c r o p h a g e s and T l ymphocy te s , 
c a u s i n g t h i n n i n g o f fibrous c a p and even tua l p l a q u e rup tu re 
[ 1 4 , 1 5 ] o r u l ce ra t ion . P l aque rup tu re d e p e n d s on the b a l a n c e 
b e t w e e n the t ens i l e s t r eng th o f t he p l a q u e a n d the s t ress exe r t ed 
o n it (9] , S u c h s t r e s s c o u l d b e t r iggered by sudden inc rease in 
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blood p re s su re o r p u l s e r a t e [ 1 6 ] , v a s o s p a s m f o r c i n g p l a q u e 
c o n t e n t s t h r o u g h a w e a k e n e d c a p [ 1 7 ] a n d i n t r a - p l a q u c 
hemorrhage [18]. S u c h rup tu re e x p o s e s n e c r o t i c c o r e o f the p l a q u e 
to c i rcula t ion a n d p r o m o t e s t h r o m b o s i s , p l a q u e p r o g r e s s i o n a n d 
e m b o l i s a t i o n [9] , T h e p o s s i b l e p r e d i s p o s i n g f a c t o r s t o t h e s e 
s y m p t o m s are s i m i l a r in b o t h g r o u p s o f c a s e s in o u r s t u d y a n d 
there fore cou ld not h a v e g r e a t l y i n f l u e n c e d t h e f i na l o u t c o m e o f 
o u r ana lys i s . 

A s o p i n e d b y B c l c a r o [4] , h i g h - g r a d e s t e n o s e s w i t h 
heavy ca lc i f i ca t ions d o no t o n l y resu l t in s t e n o s i s bu t a r c p r o n e 
to d i s -aggrega t ion a n d m i c r o e m b o l i s m . C a l c i f c a t i o n s in p l a q u e s 
resul t ing f r o m a g e i n g p r o c e s s , a r e a s s o c i a t e d w i t h s t r o k e [4] but 
O ' H o l l c r a n [13] e n c o u n t e r e d n o s t r o k e in s u c h c a s e s in the i r 
study. S t roke w a s f o u n d in h e a v i l y c a l c i f i e d p l a q u e s in c a s e s 
w i t h = 5 0 % s t e n o s e s in o u r s t u d y . I n c i d e n t a l l y m i n o r 
ca lc i f i ca t ions w e r e e n c o u n t e r e d in t h e 2 c a s e s w i t h p r o p t o s i s 
(Fig . 4) . 

F i g . 4 : Sonogram ol' ihe loll internal carot id artery, showing a 
heterogeneous plaque with surface calci f icat ions (white arrow) and 
posterior acoustic shadowing. Note the clear spectral window from 
non-hacmodynamical ly s ign i f ican t s t enos i s 

F ig . 5 : Sonogram of the left internal ca ro t id artery, showing a 
heterogeneous hypoechoic circumferential plaque (black arrow head) 
with a small ulcer on the posterior wall (small arrow) 

P r e d o m i n a n t l y h y p o e c h o i c s t e n o s e s , r e p r e s e n t i n g 
thrombot ic ma te r i a l s a d j a c e n t to p l a q u e s a r c p o t e n t i a l l y e m b o l i c , 
and a r e m o r e f r e q u e n t a m o n g s y m p t o m a l i c s [ 1 9 ] . T h e s e 
echolucent p l a q u e s h a v e b e e n f o u n d t o b e r i ch in l ip ids a n d a l s o 
been s h o w n to hera ld an i n c r e a s e o f s u b s e q u e n t d e v e l o p m e n t o f 
TIA and s t roke [12] . T h i s is m o r e c o m m o n in = 5 0 % s t e n o s i s 

c a s e s of s t roke account ing for 64 .3% and in 76.9 % o f < 5 0 % 
c a s e s in T I A (Fig . 5). Plaque surface irregularity a n d u l c e r a t i o n 
w h i c h are o the r potential sources of emboli , did not s e e m l o b e 
re la ted to the sever i ty of stenosis as there w a s n o s t a t i s t i c a l l y 
s i g n i f i c a n t d i f f e r e n c e in the f r e q u e n c i e s . H o w e v e r , w h i l e 
i r regular ly su r f aced plaques arc of equal f r equency in < 5 0 % a n d 
= 5 0 % s tenos i s cases in stroke, there was no u lce ra t ion in < 50% 
c a s e s . T h e r e w a s preponderance of irregular s u r f a c e d p l a q u e s i n 
< 5 0 % a n d ulcera t ion in = 50% stenosis cases in T I A . 

M o o r e et at [20] showed that u lcera ted l e s i o n s a r c 
m o r e likely to cause stroke than smooth. Our s tudy s h o w e d h i g h e r 
f r e q u e n c y o f s m o o t h p l aque in relat ion to h e m i s p h e r i c a n d 
n o n h c m i s p h c r i c s y m p t o m s in < 5 0 % s t e n o s i s a n d m a i n l y 
u l cc ra t ion / i r r cgu la r p laques in = 5 0 % stenosis . T h e o b s e r v a t i o n 
o f m o r e u lcera t ion in = 50% stenosis is s imi lar to t he f i n d i n g s in 
t he sc r ies by Bas s iouny et al [21], in wh ich u l c e r a t i o n s w e r e 
m o r e f r e q u e n t in symptomat ic h igh-grade s t enos i s . T h i s i s t r u e 
in s t roke but the d i f fe rence is not statistically s i g n i f i c a n t in T I A 
in th is s tudy. O n plaque irregularity and u l ce r a t i on , it t n u s t b e 
s ta ted that these characterist ics are not a lways a r e l i a b l e p r e d i c t o r 
o f h e m i s p h e r i c s y m p t o m s . They arc r e g a r d e d a s m a r k e r s o f 
instabil i ty o f the plaques [9]. Therefore, the p r e s e n c e o f s y m p t o m s 
in < 5 0 % s t e n o s i s c a s e s w i t h i r r e g u l a r p l a q u e s u r f a c e o r 
u l c e r a t i o n s a r c d u e t o t h e p o s s i b l e d i s i n t e g r a t i o n a n d 
m i c r o e m b o l i s m o f t he p l a q u e s , r a t h e r t h a n f l o w - l i m i t i n g 
c o n s e q u e n c e s . 

In c o n c l u s i o n , there is m o r e to t h e o c c u r r e n c e o f 
h e m i s p h e r i c s y m p t o m s than the severi ty of the s t e n o s i s . W h i l e 
f l o w - l i m i t i n g e f f ec t s o f stenosis in con junc t ion w i t h o r w i t h o u t 
e m b o l i c po ten t ia l s a rc causes of s y m p t o m s in h a c m o d y n a m i c . 
e m b o l i c po ten t ia l s are the main factors in n o n h a e m o d y n a m i c 
cases . 
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