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Transient Monocular Blindness 

R. T. ROSS 

SUMMARY: This paper is a review of 
the causes of intermittent monocular 
blindness. The nature of cholesterol and 
platelet retinal emboli is discussed. Their 
sources, the frequency with which they 
may cause transient or fixed blind
ness and the association between these 
emboli and pathology of the major 
cerebral vessels and other organs is dis
cussed. 

Consideration is given to the equally 
important abnormalities of platelet 
behavior and to some of the physiology 

RESUME: Le present article revoil les 
causes principales de la cecite monocn-
laire intermittente. On y discute la 
nature des embolics de cholesterol ou 
de plaque ties au niveau de la re tine, 
leur origine, la frequence avec laquelle 
ces embolics pen vent causer line 
cecite transitoire ou permanente et 
finalement I 'association entre ces em
bolics et la pathologic des vaisseaux 
cerebraux principaux et des autres 
organes. 

II est egalement fait mention de I'im
portance qu'il faut recommit re aux ano-
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of retinal blood flow and non-embolic 
blindness. 

The current treatment of this symptom 
may be anticoagulation, surgical correc
tion of a stenotic artery or both. The 
effect of treatment is unpredictable 
and in some situations the rationale is 
suspect. 

This review may provide a summary 
on which to base future studies of the 
effectiveness of various therapeutic 
agents. 

malies de comportement des plaquettes 
et a la physiologic du flot sanguin reti
me n et de la cecite non-emboliqiie. 

Le traitement actuel de ce symptome 
pent etre soil /'anticoagulation, soil la 
correction chirurgicale d'une arte re 
stenotique ou Vassociation des deux 
approches. L'effet du traitement 
est imprevisible et parfois me me on pent 
mettre en doute I'augmentation. 

La presente revue du sujet devrait ser-
vir de base pour les etudes futures de 
Tefficacite de no uvea ux agents the ra
pe utiques. 

INTRODUCTION 

The purpose of this paper is to 
review the known and suspected 
causes of transient monocular blind
ness. There is current interest in the 
merits of various therapies, i.e. aspi
rin, warfarin, extracranial artery 
surgery, and in order to have a basis 
for therapeutic comparison perhaps 
the etiologies of the symptom should 
be restated. 

About thirty years ago, the syn
drome of transient monocular blind
ness became popular and widely 
acknowledged in clinical medicine. 
It acquired a half-Greek, half-Latin 
name, "amaurosis fugax". Some 
descriptions of the syndrome sug
gested the temporary blindness 
might be followed or accompanied 
by temporary ipsilateral cerebral 
dysfunction. One of the explanations 
for these two lesions was the pas
sage of embolic material up one 
carotid artery with some of it into or 
over the origin of the ophthalmic 
artery and the rest of it into the 
middle cerebral artery. This combi
nation of ocular and ipsilateral cere
bral symptoms is uncommon and the 
blindness may have other 
mechanisms. Of 205 patients with 
internal carotid artery stenosis and 
signs of cerebral ischemia only 4 had 
episodes of transient blindness. In a 
group of 153 patients with similar 
complaints, but with carotid artery 
occlusion, only one had episodes of 
blindness (Gurdjian et al., 1962). 

However, the symptom of trans
ient one-eyed blindness alone is 
common and is probably more 
common in the stroke age group 
(Hollenhorst, 1960). It is more fre
quent with carotid artery stenosis as 
opposed to occlusion. Hollenhorst 
reported the symptom in 56% of 86 
patients with stenosed arteries ver
sus a 5% incidence in 38 patients 
with occluded arteries. The natural 
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history is variable and is probably a 
reflection of different etiologies plus 
unknown factors. Marshal and 
Meadows (1968) followed 80 patients 
with repeated attacks of one-eyed 
blindness for 24 to 55 months and 
found that 5 developed hemiplegia 
and 9 permanent visual loss. On the 
other hand, Hollenhorst (1966) ex
amined 208 patients with retinal em
boli and stated that 69% of these had 
fixed or transient cerebral symptoms 
within 10 days of the embolus being 
observed. Only 7% of 208 had a 
history of amaurosis fugax, how
ever. 

Amaurosis fugax occurs in associ
ation with many different clinical 
situations (Fisher, 1959). These in
clude cholesterol and platelet retinal 
emboli (Hollenhorst, 1966; Russell, 
1963), cranial arteritis, migraine, 
papilledema, global retinal ischemia 
(Dyll et al., 1966; Sanders, 1939; 
Harbridge, 1906; Bruner, 1921), or
thostatic retinal hypotension (Hol
lenhorst, 1960) and in young females 
unrelated to oral contraception 
medication and with a variety of 
extracranial artery pathology. 

Treatment of the symptom has 
provided some information but this 
aspect is not complete. There is no 
doubt warfarin was effective when 
given to Fisher's patient (1959) and 
at least one patient in the group 
reported by Marshal and Meadows 
(1968). The information on the long-
term benefits of aspirin is not availa
ble. The surgical correction of inter
nal carotid artery stenosis in the 
neck has been used as treatment and 
also has caused the emboli (Russell, 
1961; McBrien, 1963; Hollenhorst, 
1961). 

Cholesterol Emboli 
Hollenhorst (1961) provided one 

of the earlier descriptions of these 
lesions and speculated that the 
"bright-plaques", orange yellow or 
copper colored at various retinal ar
tery bifurcations were cholesterol 
crystals. David et al. (1963) provided 
the proof. Their patient had an 
atheromatous internal carotid artery 
lesion treated surgically. Post
operatively he suffered an ipsilateral 
cerebral infarction and a shower of 
shiny copper-yellow plaques was 

seen in the retinal arterioles on the 
same side. At post-mortem, material 
from the carotid, the obstructed 
cerebral artery and the retinal ar
terioles was found to be composed 
of doubly refractile crystals which 
contained cholesterol esters. 

The appearance of a cholesterol 
embolus in the retina is characteris
tic. It is often oval, rice-grain in 
shape, highly reflective, lodged at a 
bifurcation, yellow or orange and 
variable in mobility. A patient may 
have 1 to 25 of these objects in the 
retinal arterioles at any one time 
(Hollenhorst, 1966). Digital pressure 
on the eye or the weight of the 
ophthalmodynamometer may make 
them move or disappear. Alterna
tively, they may stick at the same 
retinal arteriole bifurcation for 
months (Russell, 1963), and be fol
lowed by a soft white exudate. They 
often appear to be fatter than the 
vessel containing them. This may be 
an optical illusion. 

They usually do not disturb vis
ion. One or more cholesterol emboli 
may be found in the retina of an 
elderly arteriopathic patient with no 
visual complaints and no objective 
change in vision. As Hollenhorst 
(1966) has said, "In most cases these 
small crystals seem to be relatively 
innocuous, for usually when they 
appear in the retinal arterioles they 
cause little or no damage." How
ever, they can infarct the retina 
(Russell, 1963; Hollenhorst, 1961). 
The frequency of amaurosis fugax 
due to these lesions is not known. 

The incidence of this material in 
the retinal arterioles in a group of 
patients with carotid or vertebral-
basilar artery disease is not high. Of 
235 patients (80% male, average age 
61 years) with carotid artery disease, 
27 (11%) had one or more retinal 
cholesterol emboli and of 93 patients 
with vertebral-basilar disease 4 (4%) 
had these lesions (Hollenhorst, 
1961). 

Of these 31 patients only 11 had a 
history of amaurosis fugax, while 65 
(65/328) other patients, without evi
dence of retinal emboli, had the 
same symptom. An additional 23 pa
tients (23/328) had fixed occlusions 
of the central retinal artery or one of 

its branches. This group also had no 
evidence of retinal emboli. 

The embolic material, in most pa
tients, was mobile and transient. It 
changed position in the retina, frag
mented, appeared in showers and 
disappeared. It is impossible to say 
that any one episode of transient 
blindness was or was not due to 
cholesterol retinal emobli when the 
patient is examined at a later date. 

Although the relationship between 
amaurosis fugax and retinal choles
terol emboli is uncertain, there is a 
high association between these em
boli and major pathology elsewhere. 

Hollenhorst (1966) followed 208 
consecutive patients seen over 5 
years. They all had one or more 
cholesterol crystals and human 
atheromatous material into the in-
for selection. Two hundred of the 
group had crystals in one eye and 9 
in both. Males comprised 85% of the 
group and the average age was 62 
years. The reasons for seeking med
ical attention varied but 85% of the 
patients had a presenting complaint 
related to arteriosclerosis some
where. Twenty percent were diabe
tic and 70% had some degree of 
hypertension. The signs of advanced 
generalized arteriosclerosis were 
frequent and serious. Sixty-three 
percent of the group had new or old 
strokes or transient ischemic at
tacks. Sixty percent had ischemic 
heart disease, 50% peripheral ob-
literative atherosclerosis, 16% ab
dominal aneurysms and 12% retinal 
arteriolar occlusions. However, only 
7% of the patients had a history of 
amaurosis fugax. One of these pa
tients had a white embolus as well as 
cholesterol crystals in the intermit
tently blind eye. 

Again, there is no firm evidence to 
suggest that amaurosis fugax and the 
cholesterol crystals are related. 
Numerically, they are unrelated, i.e. 
93% of the group with retinal arterio
lar cholesterol crystals does not 
have amaurosis fugax and 7% of the 
group does — then there is probably 
another or additional explanation for 
the symptom. Marshal and 
Meadows (1968), who followed 80 
patients with amaurosis fugax, saw 
yellow refractile emboli in only three 
of their patients. 
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These retinal lesions are most 
common after and during surgery to 
the carotid artery in the neck, the 
aortic valve and possibly after vas
cular surgery for atheroma any
where. The cholesterol crystal will 
fragment into particles 1 or 2 mic
rons in diameter and circulate 
widely. Hollenhorst (1958) injected 
cholesterol crystals and human 
atheromatous material into the in
ternal carotid artery of a monkey, 
and observed showers of transient 
and fixed bright orange-yellow pla
ques in the ipsilateral retina within 
seconds. When the opposite retina 
was looked at 10 minutes later the 
same lesions were present there. 

Thirty-five of 235 patients with 
carotid artery disease were sub
jected to endarterectomy and 7 of 
these had retinal emboli. Five of the 
seven developed the emboli during 
surgery, one 6 weeks later and one 
patient before and after surgery. 
Two of these 7 patients sustained 
infarction of the retina (Hollenhorst, 
1961). 

Two of these 35 endarterec-
tomized patients provide interesting 
examples. Case No. 25 — a 
46-year-old male with right temporal 
lobe seizures had an occluded right 
internal carotid artery and normal 
pre-operative retina. After an un
successful right internal carotid en
darterectomy, 15 cholesterol emboli 
were seen in the right retina with 2 
occluded arterioles and none in the 
left eye suggesting that even if blood 
flow is not established at endarterec
tomy, the manipulation of the vessel 
may release cholesterol into the 
blood stream. Case No. 28 — a 
58-year-old man with attacks of 
coma had an occluded right internal 
carotid artery and normal retinae 
pre-operatively. After a successful 
right internal carotid endarterec
tomy many cholesterol emboli were 
seen in both eyes suggesting that 
mobilized cholesterol will fragment 
into pieces less than 5 microns in 
size and circulate widely. 

In summary, one can say the fol
lowing about yellow, cholesterol 
crystal retinal emboli; they may 
arise from an atheromatous lesion 
anywhere in the body, the crystals 
and the fragments of crystals will 

circulate through the lung and 
peripheral circulation; they are usu
ally benign in the retinal circulation 
although they may cause retinal in
farction. They may cause amaurosis 
fugax although how often is not 
known. They are less common in the 
eye on the side of a carotid artery 
thrombosis than on the side of a 
stenosed or normal artery. Their 
presence in the retina has a high 
association with advanced arteriosc
lerotic disease elsewhere. 

Platelet Emboli 
In 1959 Fisher made precise and 

lengthy observations of the retina of 
an intermittently blind man and sug
gested that the transient intra
arterial material was embolic. 

This amazing patient was an 
obese, middle-aged, hypertensive 
male who experienced from 700 to 
1000 attacks of one-eyed blindness 
over 18 months without permanent 
compromise of his vision. The 
episodes were all in the same eye 
and there had been two short 
episodes of probable cerebral is
chemia in the ipsilateral hemisphere. 
The patient's retina was examined in 
four attacks of blindness lasting from 
one to 60 minutes. 

The embolic material had the fol
lowing characteristics. Vision was 
lost before any abnormality was 
seen in the retina. The material was 
white with a square end at the lead
ing and trailing edges. The contain
ing artery was the same diameter, 
proximal, distal and in the portion 
holding the material. The material 
was adhesive to itself and at times to 
the arteriole containing it. It arrested 
for minutes at bifurcations, it moved 
both proximally and distally when 
the arteriolar flow was arrested. It 
was seen, early in an attack of blind
ness, at the division of the central 
retinal artery with four fingers ex
tending a short distance into the four 
major branches of this artery. As it 
moved into the two superior 
branches, the fingers in the inferior 
branches withdrew, joined the main 
body of material and advanced into 
the superior branches. It was com-
pressable and also fragmented. The 
same extension into and withdrawal 
from, small arterioles in the 

peripheral retina was also probably 
seen. Apparently, the material al
ways appeared first in the central 
retinal artery and not more distally 
in the peripheral branches. 

The pathology of the white body 
embolus has been established by 
McBrien et al. (1963). Their patient 
had an internal carotid artery 
stenosis, a thrombo-endarterectomy 
followed by carotid thrombosis. 
After this event embolic material 
was seen passing through the ipsilat
eral retinal arterioles every few mi
nutes for several hours. The passage 
time was 3-5 minutes and at one time 
any vessel might have had 3 or more 
emboli separated by columns of 
blood. Post-mortem examination of 
retinal arterioles revealed the mater
ial consisted mostly of platelets, a 
few leucocytes, some lipid, no fibrin 
and no red blood cells. The condi
tion of the internal carotid, ophthal
mic and central retinal arteries was 
not stated. 

This type of embolic material does 
not always cause transient blind
ness. Skovborg and Lauritzen (1965) 
have photographed white body em
boli which took less than two mi
nutes to pass from the nerve head to 
the peripheral retina while the pa
tient was free of visual symptoms. In 
my experience two patients have 
been examined while transiently 
blind. Both had repeated attacks of 
blindness with irregular frequency 
over many months. The intra
arterial embolus resembled an air 
bolus travelling through a plastic in
travenous tube. Vision had started 
to fail before it appeared, passage 
time was less than one minute and 
vision did not recover until 30-45 
seconds after it had disappeared. 
Other observers have mentioned the 
short passage time of the material, 
unlike Fisher's patient who had one 
episode of 30 minutes duration and 
another of 60 minutes. 

The frequency of attacks varies 
enormously. Marshal and Meadows 
(1969) reported a 44-year-old female 
patient with loss of vision once for 2 
hours. The same day a white body 
embolus was seen at an arteriolar 
retinal bifurcation and 3 days later it 
was gone. She was followed for over 
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6 years with no further signs or 
symptoms. 

These emboli are not always be
nign. Gerstenfeld's (1964) patient 
had about 20 episodes of blindness 
over 24 hours due to transient white 
body emboli and then infarcted a 
segment of the retina. 

Any observer is lucky to examine 
a single patient during an attack of 
amaurosis fugax. Marshal and 
Meadows studied a group of 80 pa
tients with this symptom and more 
than half the group had histories of 
blindness from 2 to 10 years in dura
tion although the attacks varied in 
frequency. They saw emboli in only 
5 of their 80 patients. Two of these 
were white and the other three yel
low, presumably cholesterol cryst
als. 

In a few recorded cases in which 
the cause of blindness was known, 
the state of the arterial system, par
ticularly the internal carotid, was 
varied and unpredictable. 

Fisher's patient (1959) had inter
nal carotid stenosis at the sinus. 
McBrien's patient (1963) had post
operative thrombosis of the carotid 
and Russell's first patient (1961) had 
spontaneous thrombosis of the 
carotid and ophthalmic arteries and 
probably the central retinal artery. 
These latter patients suggest the in 
situ formation of the embolic mater
ial in the central retinal artery pro
ximal to the globe. Gerstenfeld's pa
tient (1964) had a thrombosed inter
nal carotid distal to the origin of the 
ophthalmic artery. All of these pa
tients had white body emboli. There 
is a similar variability of artery 
pathology in the reports of patients 
with amaurosis fugax in whom the 
mechanism of the blindness is un
known. 

Of the 80 patients with amaurosis 
fugax reported by Marshal and 
Meadows, 21 had angiography. Ten 
had normal arteries. Seven had 
carotid stenosis and 4 had carotid 
occlusions. 

In a group of 234 patients with 
amaurosis fugax (some of whom also 
had cerebral ischemic episodes), 
Lemak and Fields (1976) found an-
giographically normal carotid ar
teries in 22%, stenosis in 64% and 
total occlusion in 14%. Ramirez-

Lassepas et al. (1973) found one 
angiographically normal carotid ar
tery, 20 stenosed and 6 occluded 
arteries in a group of 27 patients with 
amaurosis fugax with or without is
chemic cerebral symptoms. In 
Hollenhorst's (1960) 86 patients with 
carotid stenosis, 48 (55%) had a his
tory of amaurosis fugax and of 38 
patients with carotid occlusion, 2 
(5%) had the same symptom. 

From angiographic studies it ap
pears that amaurosis fugax, without 
reference to the mechanism of blind
ness, is most commonly associated 
with a stenosed internal carotid ar
tery, next most commonly with a 
normal artery and least common with 
an occluded artery. 

The condition of the arterial tree 
was approximately similar in a 
matched age group of patients with 
only cerebral ischemic symptoms. Of 
394 patients with exclusively cere
bral ischemic symptoms, 49% had 
stenotic arteries, 43% normal and 8% 
occluded arteries (Lemak and Fields, 
1976). In another group of 267 pa
tients with transient cerebral is
chemic attacks, 75% had stenotic 
arteries, 18% normal and 5% oc
cluded arteries (David et al., 1973). In 
another group of 265 patients without 
ocular or cerebral symptoms, all of 
whom had neck bruits, angiography 
revealed internal carotid stenosis in 
65%, normal in 28% and occlusion in 
5%. 

It is difficult to reconcile the em
bolic theory of amaurosis fugax with 
the variations in the state of the 
carotid artery listed above. No 
doubt potential embolic material can 
arise on a stenotic and atheromatous 
area in the cervical portion of the 
carotid artery and migrate into the 
ophthalmic, and then the central re
tinal artery. However, one might 
reasonably expect embolic material 
from this source to flow into the 
middle cerebral artery as often or 
more often than into the ophthalmic 
artery. The middle cerebral artery is 
a direct anatomical extension of the 
internal carotid and receives a high 
proportion of the volume of blood in 
the internal carotid artery. Both of 
these factors make it a preferential 
embolic target. The ophthalmic ar
tery leaves the carotid at an angle 

usually greater than 100 degrees and 
receives a relatively small propor
tion of the volume of blood in the 
internal carotid artery (Clay and 
Vignaud, 1971). These factors make 
the ophthalmic and central retinal 
arteries non-preferential embolic 
targets. One would expect patients 
with transient cerebral ischemic at
tacks to have infrequent episodes of 
amaurosis fugax and one might simi
larly expect virtually all patients 
with amaurosis fugax to have ipsilat-
eral cerebral hemisphere symptoms. 
This is not the recorded experience. 
How may the symptom be explained 
with an occluded or normal internal 
carotid artery? Ligation of the inter
nal carotid artery does not interfere 
with vision in the ipsilateral eye 
(Mount, 1959; Poppen, I960; Smith, 
1962). Ligation of the ophthalmic 
artery does not interfere with vision 
(Dandy, 1935; Adson, 1942). 
Thrombus in a carotid artery at the 
bifurcation in the neck may extend 
as high as the origin of the ophthal
mic artery or beyond. In the former 
case, the ophthalmic artery usually 
has a retrograde flow into the 
carotid, and in the latter, usually no 
flow from its origin as far as the first 
major intraorbital branch. In these 
circumstances the central retinal ar
tery is filled by a retrograde flowing 
ophthalmic which in turn is filled by 
one of its numerous anastamotic 
branches (Clay and Vignaud, 1971). 

This circuitous route of blood 
supply to the retina in the presence 
of carotid and/or ophthalmic artery 
thrombosis makes migrant emboli 
an improbable explanation for 
amaurosis fugax. It is more likely 
that platelet material aggregates in 
the central retina artery at its origin 
from the ophthalmic. 

This is further supported by the 
fact that in the patients described by 
McBrien (1963) and Russell (1961) 
platelet emboli were seen in the re
tina after the ophthalmic and carotid 
arteries were occluded. Also, in the 
24 of 208 patients described by Hol-
lenhorst (1966) in whom both choles
terol and platelet emboli were seen 
at the same time, all had central 
retinal artery thrombosis. 

In some reported cases there is a 
mild inference that gravity or some 
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unique anatomical feature influences 
the direction of embolic material into 
a particular retinal vessel. Fisher's 
(1959) patient suggested that if he 
was sitting at the start of an attack of 
blindness he usually lost his lower 
vision and the white embolic mater
ial was seen to enter the superior 
temporal or nasal or both arterioles. 
If he was supine he might go blind in 
any segment or the whole eye. 
McBrien's patient (1963) had the ma
jority of his embolic material in the 
superior nasal artery. Russell 's 
(1961) first patient had white emboli 
in all directions and his second pa
tient probably had them mostly in 
superior retinal vessels. With re
spect to cholesterol crystal emboli, 
Hollenhorst (1958) usually saw them 
in the superior or inferior temporal 
arterioles and only occasionally in 
the nasal vessels. 

Apart from the state of the vascu
lar tree supplying blood to the eye, 
the behavior of the platelets form
ing the embolic material must be of 
great importance. What determines 
the aggregation of platelets and the 
disintegration of the aggregate re
peatedly over months and years, 
with a small incidence of permanent 
vascular occlusion and minimal evi
dence of the same process occurring 
elsewhere? Why does warfarin ap
pear to halt the process? 

The growing interest in platelets is 
evidenced by the Cumulated Index 
Medicus which listed 190 citations 
on the subject in 1973 and 350 in 
1975. Deykin (1974) has said, "these 
are palmy days for those of us con
cerned with platelet research." One 
wonders when some of the palmi-
ness will filter down to the clinician 
and change the present situation 
which might be described as the 
blind treating the intermittently 
blind. 

It is known that the platelet ag
gregation process may start if flow
ing blood comes in contact with sub-
endothelial tissues. The platelets 
then change their shape and the re
lease reaction occurs. The released 
substances include serotonin, cal
cium, adenosine triphosphate and 
adenosine diphosphate (ADP). The 
ADP is a powerful promotor of 
further secondary aggregation and 

release as are prostaglandin E2, 
serotonin and thrombin. Prostaglan
din El inhibits aggregation. If the 
ADP is below a critical level 
platelets will dissociate and regain 
their normal shape. The change in 
platelet shape which precedes re
lease allows reorganization of the 
surface membrane and accelerates 
the reactions of some of the blood 
clotting proteins. This clot accelerat
ing property, platelet factor 3, is not 
an extruded property of the platelet. 
Possibly this is the effective site of 
warfarin. 

Aspirin appears to be an an
ticoagulant by impeding the release 
reaction, possibly by interfering with 
prostaglandin formation. By inhibit
ing release both the primary and 
secondary platelet aggregates can be 
prevented. 

Walsh (1972) has written exten
sively on the mechanisms of initia
tion of intrinsic platelet coagulation 
and more recently (1976) has studied 
platelet activity in 22 patients with 
transient cerebral ischemia. Twelve 
had normal serum lipids and 10 had 
type IV hyperlipoproteinemia. 

Platelet aggregation and release 
were normal in all patients. How
ever, "platelet coagulant activities 
concerned with initiation and early 
stages of intrinsic coagulation were 
increased two to three times in the 
12 patients with normal serum 
lipids." In the other 10, with abnor
mal lipids, these factors were nor
mal. 

Platelet factor 3 was the same in 
the two groups and the control 
groups. 

Carvalho (1974) also demon
strated normal platelet behavior in 
patients with type IV hyperlipop
roteinemia and abnormal aggrega
tion in platelets from patients with 
type II hyperlipoproteinemia. 

In spite of sophisticated angio
graphy of cerebral and retinal ves
sels, intermittent blindness and cere
bral ischemia will not be well under
stood or intelligently treated until all 
factors influencing coagulation 
changes in the elderly, hypertensive, 
hyperlipemic, hyperuricemic and 
diabetic are known. The same com
ment can be made about the nature 
and abnormalities of local blood 

flow and its autoregulation to the 
eye and brain. 

In summary, we know the follow
ing about white-body retinal emboli. 
Their occurrence may be frequent or 
solitary. They are usually benign, 
may cause no symptoms or may 
infarct part or all the retina. They 
are made of platelets. They occur in 
the presence of a normal carotid 
system, internal carotid stenosis and 
occlusion of the carotid, ophthalmic 
and central retinal arteries. They 
may form in the carotid artery or 
elsewhere in the circulation and mig
rate into the retinal circulation, but 
there is evidence they commonly 
arise in the ophthalmic or central 
retinal arteries. Warfarin appears to 
stop their development. 

Abnormalities of platelet aggrega
tion are probably as important as the 
state of the artery in which the 
aggregates are formed. 

Global Retinal Ischemia 
There is evidence that transient 

monocular blindness occurs on a 
non-embolic basis. It is not known if 
this is a common mechanism relative 
to embolic episodes. 

Recognition of the unique blood 
supply of the eye and orbit is impor
tant in understanding the 
mechanisms of this type of blind
ness. The ophthalmic artery usually 
arises from the internal carotid ar
tery in its infraclinoid portion. It 
may arise from the intracavernous 
portion or directly from the middle 
cerebral artery. It may have a double 
origin from the internal and external 
carotid or arise exclusively from the 
middle meningeal. Inside the orbit it 
gives rise to 15 branches half of 
which form substantial anastamoses 
with vessels having other origins 
(Clay and Vignaud, 1971). It is not 
surprising that ophthalmic artery lig
ation or obstruction does not inter
fere with vision. 

Blood supply to the retina and 
choroid is physiologically distinct and 
interference with either will produce 
blindness. The choroid has 20 to 25 
times the blood flow of the retina 
and autoregulates poorly. In the cat, 
20% of the oxygen supply of the 
retina comes from retinal vessels 
and 80% from the choroid (Aim and 
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Bill, 1972). In monkeys, the propor
tions are 35% and 65% (Aim and 
Bill, 1973). Both sources are neces
sary for the retina to function and 
survive (Buettner et al., 1973). 

Aim and Bill (1973) have used 
radioactively labelled microspheres 
in the monkey to study the effects of 
increased intraocular pressure (IOP) 
on ocular blood flow. They defined 
ocular perfusion pressure as mean 
arterial pressure less intraocular 
pressure because the latter is usu
ally the same as venous pressure. 
Clinically, reductions in perfusion 
pressure might occur due to a drop 
in systemic blood pressure or an 
increase in intraocular pressure. 

Increasing IOP to 41 cm H2O in 
the test eye versus 13 cm H2O in the 
control eye reduced choroidal blood 
flow by 29% and by a similar amount 
to the prelaminar part of the optic 
nerve. In contrast, blood flow to the 
retina was either not significantly 
reduced or increased. The autoregu-
lation of the retina is highly efficient. 

Retinal Blood Flow 
Retinal blood flow is affected little 

by changes in perfusion pressure, in 
cats, monkeys (Aim and Bill, 1972, 
1973), and pigs (Ffytche et al., 1974). 

Bulpitt and Dollery (1971) have 
found the same retinal blood flow in 
normal and hypertensive patients. 
The hypertensive patients had blood 
pressures 50% higher and were 
about 20 years older than the nor-
motensives. 

The mechanisms of retinal au-
toregulation are not clear. Myogenic 
factors are probably important and 
CO2 is known to influence blood 
flow (Tsacopoulos et al., 1973). At a 
pCOz of 25 mm/Hg the retinal blood 
flow has been measured at 15 
mg/min (in cats) and maximum vas
odilatation produced at a pCCh of 75 
mm/Hg and a flow of 50 mg/min 
(Aim and Bill, 1972). 

In premature babies high arterial 
oxygen causes retinal artery con
traction, degeneration and new ves
sel growth into the vitreous with 
permanent eye damage (Ashton, 
1968). In the adult, retinal vessels 
contract when the oxygen tension is 
increased and reductions seem to 
cause vasodilation. Part of the con

striction of high tensions is proba-
ably due to an increase in the O2 
supply to the retina from the choroid 
(Dollery et al., 1969). 

The autonomic nervous system 
has an influence on retinal blood 
flow. The ophthalmic artery and ex
traocular part of the central retinal 
artery have a rich sympathetic in
nervation, but not the intraocular 
retinal vessels (Ehinger, 1966; 
Laties, 1967). Sympathetic stimula
tion produces a slight reduction in 
retinal O2 tension suggesting that 
vasoconstriction outside the eye 
may reduce retinal blood flow (Aim 
and Bill, 1973). A marked vasocon
striction occurs in the choroid. The 
reduced nutrition via the choroid 
causes vasodilatation in the outer 
parts of the retinal vessels and the 
net change in retinal vessels and 
retinal flow may be a slight reduc
tion, slight increase or no change. 
Whether the marked reduction in 
choroidal blood flow interferes with 
vision is not known. 

Choroidal Blood Flow 
Choroidal vessels show no evi

dence of autoregulation (Aim and 
Bill, 1972, 1973A) and are strongly 
affected by the sympathetic nervous 
system. Sympathetic nerves to the 
choroid consist only of vasoconstric
tor fibers (Bill, 1962). Sympathetic 
stimulation in cats has produced a 
60% reduction in choroidal blood 
flow. The oxygen content of the 
venous blood from the choroid is 
very high at 95% of that in the arter
ial blood (Aim and Bill, 1970). Re
duced choroidal blood flow results in 
increased O2 extraction and the total 
extraction in the choroid is un
changed until very low flow rates are 
reached. Carbon dioxide is a potent 
dilator of choroidal vessels in cats 
(Aim and Bill, 1972; Friedman and 
Chandra, 1972), while moderate var
iations in arterial O2 tension have no 
effect on the vascular resistance. 

There are cholinergic fibers from 
the pterygopalatine ganglion to the 
choroidal vessels (Ruskell, 1971) and 
as these vessels dilate when 
acetycholine is given intra-arterially 
(Chandra and Friedman, 1972), the 
choroidal nerves are probably vas-
odilatory. The effect of stimulation 

of these nerves is unknown (Bill, 
1975). 

Epinephrine and other adrenergic 
drugs cause contraction of the 
choroidal vessels indicating alpha 
adrenergic receptors (Chandra and 
Friedman, 1972), while the same 
substances have no effect on the 
retinal arterioles (Aim, 1972). 

Thus, there are two circulatory 
systems — retinal and choroidal, 
both necessary for vision and with a 
common origin. The former has a 
superb autoregulatory capacity and 
is immune to the effects of the au
tonomic nervous system and almost 
all drugs. The latter autoregulates 
poorly, and is subject to autonomic 
influence and drugs. 

Albert Aim has posed an impor
tant possibility. "The fact that the 
choroidal vascular bed, which has a 
normal blood flow 25-50 times that 
through the retina and lacks au
toregulation, should make the retina 
unusually susceptible to an 'intra
ocular steal syndrome'. Drugs that 
dilate the choroidal vessels will 
cause marked increases in blood 
flow through the ophthalmic artery 
and thereby reduce the arterial pres
sure at the point of origin of the 
retinal artery, which tends to reduce 
retinal blood flow" (Aim, 1972). 
Possibly the highly efficient au
toregulatory function of the retina 
can be overcome if the changes in 
choroidal blood flow are great 
enough. 

There are some clinical observa
tions of non-embolic ischemia caus
ing transient monocular blindness. 
Saunders (1939) reported a 
60-year-old man with multiple short 
attacks of monocular visual loss oc
curring while the patient strained in 
a bent over position. He could re
produce the attacks at will. When 
the blind eye was examined during 
an attack, the retinal arterioles were 
thin white threads, the disc was pale, 
the retina hazy and there was no red 
spot on the macula. Retinal photo
graphs were made. The veins were 
normal during an episode and dilated 
and distended for 10 minutes after an 
attack. The attacks occurred twice 
while at rest, following forced 
hyperventilation and particularly 
after performing the Valsalva man-
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oeuvre. The act of straining while in 
a bent forward position is probably 
an effective form of Valsalva man
oeuvre. This procedure, producing a 
drop in systemic blood pressure plus 
a marked increase in sympathetic 
outflow might well disturb ocular 
blood flow sufficiently to produce 
transient blindness in an ar-
teriopathic patient. 

Harbridge (1906) reported a simi
lar patient with repeated intermittent 
monocular blindness whose attacks 
occurred only if the patient was 
bending forward. 

In contrast, Bruner (1921) re
ported a 34-year-old man with up to 
10 attacks of monocular blindness 
per day unrelated to postural change 
or straining. During the blindness an 
ischemic retina was observed with
out embolic material. The attacks 
seemed to stop after the intraocular 
pressure was reduced with eserine. 

Dyll et al. (1966) reported a 
68-year-old man with repeated at
tacks of transient blindness in one 
eye. Some of these were accom
panied by syncopal symptoms. 
Ophthalmodynamometry gave equal 
readings in the two eyes, his blood 
pressure was 110/70, and arm to 
retina circulation times were equal 
on the two sides. The internal 
carotid artery on the side of the 
blindness revealed roughness and 
narrowing of the carotid siphon. Re
tinal photographs at the time of an 
attack of blindness showed similar 
global retinal ischemia described 
above and no embolic material. 

Hollenhorst has also observed 
global retinal ischemia and has per
tinent comments on the measure
ment of ocular blood pressure. 
"Most authors, including myself, 
have used the term 'retinal artery' 
pressure to designate the findings on 
ophthalmodynamometry. Many 
years ago Duke-Elder showed that 
the readings reflected the pressure 
within the ophthalmic artery and not 
the central retinal artery. Therefore, 
I recommend the term ophthalmic 
artery pressure." 

One of the patients, with intermit
tent blindness, reported by Hollen
horst is particularly informative 
(I960). The eye was blind, during an 
attack, with no direct pupil response. 

The fundus and retinal vessels were 
normal before, during and after the 
episodes. The ophthalmic artery 
pressures were normal and equal be
fore the episode, but during the blind 
attack, merely touching the sclera 
with the ophthalmodynamometer 
caused the retinal arterial tree to 
collapse. 

A number of his patients had 
amaurosis fugax only on standing 
and had a marked ocular orthostatic 
hypotension in this position. 
Three-quarters of his patients with 
carotid occlusive disease had lower 
ophthalmic artery pressure on the 
affected side and of these, half had 
significantly lower pressure when 
standing as opposed to lying. 

Patients who had recently under
gone carotid thromboendarterec-
tomy demonstrated the orthostatic 
drop in ophthalmic artery pressure 
even more markedly. Ophthalmic ar
tery pressure may be equal in the 
two eyes when lying and signifi
cantly different when the patient is 
sitting or standing. 

In addition to arterial pathology 
and platelet behaviour, the dynamics 
of retinal blood flow, systemic blood 
pressure, intraocular pressure and 
the possibility of a choroidal "steal" 
of retinal blood all deserve consider
ation in any patient with intermittent 
monocular blindness. 
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