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Recognising St roke  Prone Pat ients w i t h  a Poor Col latera l  
Ci rculat ion 

B. C. Eikelboom, R. J. Th. J. We l ten ,  R. G. A. Ackers ta f f  and F. E. E. Vermeulen  

Departments of surgery and neurophysiology St. Antonius Hospital, Nieuwegein-Utrecht The Netherlands 

The prognosis in carotid disease is extremely variable and is influenced by the availability of collateral circulation. This study 
investigates the possibility of recognising patients with a poor collateral potential by using non-invasive tests. 

Preoperative OPG and EEG were compared with intraoperative EEG during test clamping in 208 carotid endarterec- 
tomies. Clamping ischaemia occurred in 29 patients (14%). Preoperative EEG had a sensitivity of 62% and a specificity of 
82%. OPG showed a sensitivity oJ' 96% and a specificity of 54%. Combined OPG and EEG resulted in a sensitivity of 93% and a 
specificity of 73%. 

Both tests are safe and easy to perform and interpret. These techniques can be used to identify those patients with carotid 
stenosis who have an increased risk of stroke due to a poor collateral circulation and may help to refine the indications for carotid 
endarterectomy. 
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Introduct ion 

"The prognosis in carotid disease is extremely variable, 
depending presumably on the availability of collateral cir- 
culation through the many potential channels." This 
statement of C. Miller Fisher ~ reflects the thoughts that 
form the basis of the present study. Progression of a 
carotid stenosis to occlusion may occur without symp- 
toms, may lead to transient symptoms or result in cata- 
strophic neurological deficit, depending on the 
availability of collateral pathways. Assessment of the risk 
of a carotid stenosis should therefore include an investi- 
gation of the collateral potential. Patients with a very 
poor collateral potential show signs of cerebral ischemia 
on EEG during intraoperative carotid test clamping. 

This study investigates whether it is possible to 
recognise these patients preoperatively by two non- 

invasive tests: EEG and ocular-pneumoplethysmography 
(OPG), both with carotid compression, 

If so, this may help to identify those patients with 
carotid stenosis who have an increased risk of stroke and 
who may therefore benefit from carotid endarterectomy. 

Mater ia ls  and Methods  

The preoperative EEG was performed with a 21 lead sys- 
tem and a 21 channel recording on awake patients in the 
supine position. Carotid compression was performed low 
in the neck to avoid stimulation of the baroreceptors or 
dislodging of atheroma. Right and left sides were com- 
pressed alternately, while a photoelectric pulse detector 
on the earlobe served to monitor the efficiency of the 
compression. Carotid compression was maintained for at 
least 30 s but was stopped when signs of cerebral isch- 
aemia were noted. 

*Presented at the Inaugural Meeting tbr the European Society of Vascu- OPG measures left and right ophthalmic artery pres- 
lar Surgery, 7-8 May 1987. 

sures simultaneously. Its most common application is ibr 
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ment during carotid compression provides information 
on the collateral circulation. The pressure on the side of 
compression is called the Collateral Ophthalmic Artery 
Pressure (COAP). / 

The two preoperative tests were compared to 4 
channel intraoperative EEG recording during carotid test 
clamping. 

Carotid endarterectomy was performed under 
general anaesthesia while the blood pressure was main- 
tained at the preoperative level. Heparin was adminis- 
tered systemically before the common and external 
carotid arteries were clamped. The circulation was re- 
stored whenever EEG changes such as cortical slowing or 
lateralising were noted by the neurophysiologist. Other- 
wise, testclamping was maintained for 3 min. A shunt 
was inserted only in patients with intraoperative EEG 
changes during clamping. 

Preoperative OPG and EEG were compared to intra- 
operative EEG in 208 patients; 156 male, 52 female 
(mean age 63 years). Indications for surgery were TIA 
(69 cases), completed stroke (46), nonhemispheric symp- 
toms (35) and haemodynamically significant asympto- 
matic stenoses with poor collateral potential, mostly in 
cases of multivessel disease and/or the need for coronary 
bypass (58 cases). None of the operations was performed 
for acute stroke. With rare exceptions all lesions on the 
operated side were haemodynamically significant; 
according to our criteria this means a transverse dia- 
meter stenosis of greater than  65%. 

Results 

Intraoperative signs of insufficient collateral circulation 
were seen during test clamping in 29 of 208 patients 
(14%), who were then shunted. Preoperative compres- 
sion EEG correctly identified 18 of these 29 patients, 
giving a sensitivity of 62% and 147 of the 179 patients 
who did tolerate clamping, giving a specificity of 82% 
(Table 1). 

The COAP as determined preoperatively by carotid 

Table 2. Sensitivity and specificity of preoperative OPG as compared to 
intraoperative EEG for various COAP thresholds 

COAP OPG 
threshold sensitivity specificity 
(mmHg) (%) (%) 

60 96 54 

50 79 65 

40 76 74 

30 65 85 

20 48 88 

compression and OPG was indicative of a good collateral 
potential if it was 60 mmHg or higher, whereas pressures 
less than  60 mmHg were considered to represent a poor 
collateral circulation. 

The COAP was less than 60 mmHg in 28 of the 29 
patients with intraoperative EEG changes (sensitivity 
96%) and was 6 0 m m H g  or more in 97 of the 179 
patients with normal intraoperative EEG (specificity 54%) 
(Table 2). 

By progressively lowering the COAP threshold from 
60 mmHg to a figure of 20 mmHg, the specificity of this 
test can be increased to 88% at the cost of a decreased 
sensitivity of 48%. 

This dynamic interrelationship is shown graphically 
as a ROC analysis in Fig. 1. 

Finally, both preoperative tests were combined and 
compared with the intraoperative findings (Table 3, 
Fig. 2). 

The best results were obtained with a COAP thresh- 
old of 30 mmHg. With either a positive preoperative EEG 
or a COAP less than 30mmHg,  the sensitivity was 93% 
(27 of 29 cases with intraoperative positive EEG). The 
corresponding specificity was 73% (131 of 179 cases 
with intraoperative negative EEG). 

No complications occurred from carotid compres- 
sion. 

Table 1. Preoperative EEG with carotid compression compared to intra- 
operative EEG during carotid clamping in 208 patients 

+ 
Preoperative EEG 

Total 

Intraoperative EEG 

+ -- Total 

18 32 50 

11 147 158 

29 179 208 

Sensitivity 18/29 = 62%, specificity 147/179 = 82%. 

Discussion 

It is widely acepted that  the collateral potential is one of 
the factors that influence the outcome of progressive 
carotid obstruction. The main collateral pa thway is the 
circle of Willis, which is not a complete circle in about 
50% of all cases. The anterior and posterior communicat-  
ing arteries may be stringlike or even completely absent; 
Autopsy studies show that  these patients have a higher 
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ROC -curve of preoperative OPG for various 
COAP's threshold criteria 

Fig. 1. ROC curve of preoperative OPG as compared to intraoperative 
EEG tbr various COAP thresholds. 

ROC-curve of preoperative OPG and EEG for various 
COAP's threshold criteria 

Fig. 2, ROC curve of combined preoperative OPG and EEG as compared 
to intraoperative EEG for various COAP thresholds. 

incidence of cerebral infarction compared to those with a 
normal circle. 3 

One may wonder whether dilatation of several com- 
ponent parts of the circle of Willis takes place during the 
progression of extracranial  stenosis. It has been shown to 
occur in animal models following carotid ligation. 4 How- 
ever, one would prefer this to happen before the moment  
of occlusion. Afterwards it might be too late because cere- 
bral ischaemia could be present. In a prospective study 
using OPG, we discovered that  the COAP does not in- 
crease with the progression of carotid stenosis, s The more 
extensive the disease the greater the chance that  carotid 
compression or clamping will not be tolerated or at least 
will result in a poor COAP. 2 

Table 3. Sensitivity and specificity of combined preoperative OPG and 
EEG as compared to intraoperative EEG for various COAP threshold 

Combined OPG and EEG 
COAP 
threshold sensitivity specificity 
(mmHg) (%) (%) 

60 100 45 

50 93 53 

40 93 67 

30 93 73 

20 82 78 

Compensation for carotid occlusion may take place 
by an increase in flow in the other vessels. Roberts 6 
showed that  there is a considerable variat ion in flow 
change in different individuals due to differences in the 
circle of Willis. The same observations have been made 
by neurosurgeons using gradual  carotid occlusion with 
the Silverstone clamp. 7 

Ischaemic phenomena as a result of carotid occlu- 
sion more often occur in older patients than in younger 
ones. s This may  be due to more extensive extracranial  
obstruCtiVe diSease in older patients. Moreover collateral 
vessels lose their capacity to dilate with ageing because of 
the atrophy of elastic tissue and other degenerative 
changes. 

Whether  adaptation of the circle of Willis can take 
place is an individual variable. Carotid ligation for aneur- 
ysms results in ischaemic complications in 30% of cases. ~ 
The same observations have been made in carotid resec- 
tion for carcinoma of the neck. In these patients, OPG has 
been used to assess the tolerance to interruption of the 
carotid circulation.9 

Some clinical information is available from prospect- 
ive studies on symptomatology when stenosis progresses 
to occlusion. Roederer 1° found in a total of 10 such cases 
3 strokes and 1 TIA, while 6 occlusions occurred without 
symptoms. 

Chambers n documented 17 carotid occlusions, of 
which 8 resulted in no symptoms, 7 gave TIAs and 2 
were followed by a stroke. 

It has been assumed that  the risk of late ischaemic 
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s y m p t o m s  on  t h e  side of  ca ro t id  occ lus ion  is low. Severa l  

r e c e n t  studies,  h o w e v e r ,  h a v e  s h o w n  t h a t  it is cons ider -  

able  and  c o m p a r a b l e  to t he  risk of s t roke  in pa t i en t s  

suffer ing f rom TIAs i.e. a r o u n d  5% a n n u a l l y ,  12'I3 e v e n  

in pa t i en t s  w h o  p r e sen t  t h e m s e l v e s  w i t h  a s y m p t o m a t i c  

occ lus ion .  14 T h e r e  is a c c u m u l a t i n g  ev idence  t h a t  these  

s y m p t o m s  o c c u r  w h e n  the  co l la te ra l  f low t h r o u g h  the  

circle  of  Willis to the  a r e a  of t h e  b r a in  above  the  occ lus ion  

is insuff icient .  These  pa t i en t s  h a v e  a m a x i m u m  vasod i la -  

t a t i on  a n d  h a v e  lost  t he i r  abi l i ty  to r e spond  to per iods  of 

h y p o t e n s i o n  w i t h  vasod i la ta t ion . IS  The  pa t i en t s  a t  risk of  

s t roke  c a n  be se lec ted  by t r a n s c r a n i a l  Doppler  w i t h  COx 

a u g m e n t a t i o n .  ~ The  a i m  of o u r  p resen t  s tudy  is s imilar .  

A poor ly  f u n c t i o n i n g  co l l a t e ra l  c i r cu l a t i on  is p robab ly  a 

risk fac tor  for s troke.  I n t r a o p e r a t i v e  EEG c h a n g e s  d u r i n g  

test  c l a m p i n g  ind ica te  a poor  co l la te ra l  po ten t i a l  a n d  OPG 

a n d  EEG offer w a y s  to pred ic t  w h e t h e r  ca ro t id  occ lus ion  

wil l  be to le ra ted .  

For  this app l i ca t ion  o n e  prefers  to h a v e  a h i g h l y  sen-  

si t ive n o n i n v a s i v e  test  w i t h  a r e a s o n a b l e  specificity. EEG 

a lone  is no t  sens i t ive  e n o u g h .  OPG w i t h  a t h r e s h o l d  of 

60  m m H g  offers a h i g h  sens i t iv i ty  at  t he  cost  of  a n  u n -  

accep tab le  specificity. A l t h o u g h  the  cho ice  is r a t h e r  

a rb i t ra ry ,  t he  best  r esu l t  of  b o t h  tests c o m b i n e d  is 

o b t a i n e d  w i t h  a COAP t h r e s h o l d  of  30  m m H g ,  g iv ing  a 

sens i t iv i ty  of 9 3 %  a n d  a specificity of 73%. 

The  final  p r o o f  of  t he  v a l u e  of  these  tests  has  to c o m e  

f rom a p rospec t ive  fo l low-up  s tudy  on  pa t i en t s  w i t h  h i g h  

g rade  s tenosis  w h o  a re  t r ea t ed  conse rva t ive ly .  

W h e n  pa t i en t s  w i t h  a p o o r  co l la te ra l  po ten t i a l  de- 

ve lop  a stroke,  it wil l  be c lea r  t h a t  these  s imple  n o n i n v a -  

sive tests  h a v e  a g r ea t  v a l u e  in re f in ing  the  ind ica t ions  for 

ca ro t id  surgery .  

References  

1 FISHER CM. The natural history of carotid occlusion. In: Micro- 

surgical anastomoses for cerebral ischaemie. Springfield: Charles C. 
Thomas, Austin G. M.ed. 1976:000-000. 

2 EIKELBOOM BC. Physiological principles of occular pneumoplethys- 
mography. In: Bernstein E. F. ed. Noninvasive diagnostic tech- 
niques in vascular disease. St. Louis: The CV Mosby Company, 
1985:91.-96. 

3 ALPERS B1, BERRY RG. Circle of willis in cerebral vascular disorders. 
The anatomical structure. Arch Neurol l 963;8:398-402. 

4 LOWE RD. Adaptation of the circle of Willis to occlusion of the 
carotid or vertebral artery: its implication in carotieovertebral sten- 
osis. Lancet, 1962:395-396. 

5 MOLL EL, EIKELBOOM BC, VERMEULEN FEE, VAN IaER HJ], SCIIULTE 
BPM. Dynamics of collateral circulation in progressive asympto- 
matic carotid disease. J Vasc Surg 1986;3:470 474. 

6 ROBERTS B, HARDESTY WH, HOLL1NG HE, REIVICH M, TOOLE JF. 
Studies on extracranial cerebral blood flow. Surgery, 1964:56:826- 
833. 

7 NORNES H. The role of the circle of willis in graded occlusion of the 
international carotid artery in man. Acta Neurochir 1973:28:165 
177. 

8 NISHIOKA H. Report on the cooperative study of intracranial aneur- 
ysms and subarachnoid hemorrhage. Results of the treatment of 
intracranial aneurysms by occlusion of the carotid artery in the 
neck. ] Neurosurg, 1966;25:660-682. 

9 NOEPH MB, MARTINEZ SA, GEE W, DEFRIES HO. Ophthahnoplethys- 
mography in head and neck surgery. Arch Otolaryngol 1979;150: 
492-495. 

10 ROEDERER G, LANGLOIS Y, J~GER K, et al. The natural history of 
carotid arterial disease in asymptomatic patients with cervical 
bruits, Stroke, 1984;15:605-613. 

11 CIIAMBERS B, NORRIS ]. Outcome in patients with asymptomatic 
neck bruits. N En,ql I Med 1986;315:860-865. 

12 COTE R, BARNETT H, TAYLOR D. Internal carotid occlusion: a pro- 
spective study. Stroke, 1983;14:898-902. 

13 NICHOLLS SC, KOHLER TR, BERGELIN RO et al. Carotid artery occlu- 
sion: Natural history. I Vasc Surg 1986; 4:479 485, 

14 HENNERICI M, HULSBOMER HB, RAUTENBERG W, HEFTER H. Spon- 
taneous history of asymptomatic internal carotid occlusion. Stroke, 
1986;17:718-722. 

15 BULLOCK R, MENDELOW AD, BONE ], PATTERSON l, MCLEOD WM, 
ALLERmCE G. Cerebral bloodflow and CO2 responsiveness as an indi- 
cator of collateral reserve capacity in patients with carotid arterial 
disease. Br ] Surq 1985; 72:348-351. 

] 6 BISHOP CCR, [NSALL M, POWELL 8, RUTH D, BROUSE NL. Effect of in- 
ternal carotis artery occlusion on middle cerebral artery bloodilow 
at rest and in response to hypercapmia. Lancet 1986:710-7 l 2. 

Received 22 May 1987 

Eur J Vasc Surg Vol 1, December 1987 


