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Purpose:

 

The purpose of this study is to clarify the relationship between retinal vascular ob-
struction and asymptomatic cerebral infarction (ACI).

 

Methods:

 

Forty-three patients (27 men and 16 women) with retinal vascular obstruction
were examined by magnetic resonance imaging (MRI) at the Department of Ophthalmology
of Nagasaki University Hospital in Nagasaki, Japan. Patients with a history of neurological
signs and symptoms were excluded from this study. The control group consisted of 93 male
and 49 female patients who were examined by MRI for routine brain screening examinations
at the Takaki Neurosurgical Clinic in Fukuoka, Japan. We investigated the incidence of ACI,
and the risk factors and characteristics of this condition.

 

Results:

 

ACI was more common in patients with retinal vascular obstruction than in normal
adults at all ages. The incidence of hypertension in the patients with ACI tended to be higher
than in the patients without ACI.

 

Conclusion:

 

ACI appears more frequently in patients with retinal vascular obstruction
than in normal adults. Our results indicate that either retinal artery occlusion or retinal
vein occlusion should be considered a sign of ACI and systemic diseases such as
arteriosclerosis.
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Introduction

 

Asymptomatic cerebral infarction (ACI) is some-
times seen in computed tomography (CT) and mag-
netic resonance imaging (MRI) of apparently healthy
adults, and it is considered to be a sign of symptom-
atic cerebral disturbance. ACI is defined as cerebral
infarction with no clinical cerebrovascular signs or
symptoms.

 

1

 

 A number of studies have examined the
risk factors for ACI.

 

2– 4

 

 Many systemic factors such
as hypertension, diabetes, and cardiovascular disease
have been evaluated. They are consistent with those
of retinal vascular obstruction. However, the rela-

tionship between ACI and retinal vascular obstruc-
tion has never been described,

 

3

 

 and there is little in-
formation on the incidence of ACI in patients with
retinal vascular obstruction, on the clinical features
of such patients, or on the relationship between reti-
nal vascular obstruction and ACI. The purpose of
this study is to compare patients with retinal vascular
obstruction and normal adults with respect to the in-
cidence, characteristics and factors related to asymp-
tomatic cerebral infarction.

 

Materials and Methods

 

Forty-three patients (27 men and 16 women) with
retinal vascular obstruction were examined by MRI
at the Department of Ophthalmology of Nagasaki
University Hospital in Nagasaki, Japan, between
January 1987 and August 1998. Patients with a his-
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tory of neurological signs and symptoms were ex-
cluded from this study. Patients with retinal vascular
obstruction were examined by MRI to determine
whether or not they had had ACI. All patients with
retinal artery occlusion (RAO) and retinal vein oc-
clusion (RVO) were followed for more than 1 year.
The control group consisted of 93 men and 49
women who had had MRI brain examinations as
part of a routine check-up between January 1992
and August 1998 at Takaki Neurosurgical Clinic in
Fukuoka. The MRI brain examinations of appar-
ently healthy persons were performed because they
requested screening for lesions such as cerebral in-
farctions, non-ruptured cerebral aneurysms, brain
tumors, or congenital abnormalities. The images were
taken in horizontal planes at the base of the anterior
cranium. The same neurosurgeon at Takaki Neuro-
surgical Clinic read all the MRIs of patients and con-
trols in a masked fashion.

The following items were studied: age, sex, MRI
findings, and past histories of glaucoma, embolic dis-
ease, clotting abnormalities, hypertension, diabetes
mellitus, and heart diseases. Diagnostic criteria for
ACI are as follows: (1) despite vascular lesions in the
brain, no neurological signs or symptoms, such as
asymmetry of reflexes or cerebrovascular dementia;
(2) no past history of cerebral apoplexy including
transient ischemic attack; (3) confirmation of cere-
bral infarction by diagnostic imaging by computed
tomography (CT) or MRI. MRIs were taken with a
GE Sigma product (General Electric Medical Sys-
tems, Waukesha, WI, USA) at Nagasaki University
Hospital and with a Hitachi MRP 20-1 product (To-
kyo) at Takaki Neurosurgical Clinic. In this study
the lesions considered to indicate ACI were 7.5 mm
in diameter as evaluated by the same neurosurgeon.
The patients were considered to have hypertension if
they were already being treated for hypertension or
found to have 

 

�

 

160 mm Hg systolic or 

 

�

 

90 mm Hg
diastolic blood pressure at the time of examination.
The patients were considered to have diabetes melli-
tus if they were already being treated for diabetes
mellitus or found to have 

 

�

 

110 mg/dL fasting glu-
cose level. The patients were considered to have
heart disease if they were being treated for heart dis-
ease or had an abnormal electrocardiogram. Nine of
the 12 patients with RAO were admitted to our hos-
pital and their coagulation and cholesterol levels
were examined. Nine of the 31 patients with RVO
were admitted to Nagasaki University Hospital, and
their serum cholesterol levels were examined. Cross-
sectional analysis and Welch’s test were applied to
the data obtained.

The study was performed according to the Decla-
ration of Helsinki, and informed consent was ob-
tained from each patient.

 

Results

 

Of the 43 patients with retinal vascular obstruc-
tion, 12 (8 men and 4 women) had RAO and 31 (19
men and 12 women) had RVO (Figure 1). The mean
age of the patients with RAO was 60.8 years, ranging
from 14 to 87 years, and that of the patients with
RVO was 61.0 years, ranging from 37 to 79 years
(Figure 1). The percentages of patients with RAO
and ACI increased with age; from 50.0% in patients
41 to 50 years of age to 100% in those 61 years of age
or older (Figure 2). The percentage of patients with
RVO and ACI also increased with age; from 66.6%
in patients aged 41 to 50 years of age to 87.5% in
those 71 years of age or older (Figure 3).

None of the patients with RAO had a history of
glaucoma. Of the 12 patients with RAO, 2 had vascu-
litis and their ages were in the fourth decade. None of
the patients with RVO had a history of glaucoma, em-
bolic diseases or clotting abnormalities.

There was no statistically significant difference in sex
distribution between the patients with ACI and those
without ACI. The traditional risk factors for stroke
(hypertension, diabetes mellitus and heart disease)

 

2

 

 in
the patients with ACI were compared with those in the
patients without ACI by cross-sectional examination
(

 

P

 

 

 

�

 

 .05) (Figures 4 and 5). In the patient groups of
both RAO and RVO, the incidence of hypertension in
the patients with ACI is shown in Figures 4 and 5; it
tended to be higher than in the patients without ACI.
There was no such tendency in those with diabetes mel-
litus or heart disease. The serum cholesterol level was

Figure 1. Age distribution of patients with retinal artery
occlusion (RAO) or retinal vein occlusion (RVO), and
controls. �: RAO, : RVO; �: control.
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compared in patients with and without ACI by Welch’s
test. In the RAO group, there was no statistically signif-
icant difference in the serum cholesterol level or the
hematological findings between patients with and with-
out ACI. In the RVO group, there was no statistically
significant difference in the serum cholesterol level be-
tween the patients with and those without ACI.

The types of cerebral infarction are shown in Table
1. The most common type of ACI seen in MRIs was

lacunar infarction. Of the 12 patients with RAO, one
had multiple infarctions. None of the patients with
retinal vascular obstruction had cortical infarction.

The percentage of normal adults with ACI in-
creased with age from 13.3% in adults aged 41 to 50

Figure 2. Age distribution of asymptomatic cerebral in-
farction patients with retinal artery occlusion (RAO) and
controls. �: RAO, �: control.

Figure 3. Age distribution of asymptomatic cerebral in-
farction patients with retinal vein occlusion (RVO) and
controls. �: RVO, �: control.

Figure 4. Percentage of traditional risk factors (hyperten-
sion, diabetes mellitus, heart disease) for asymptomatic ce-
rebral infarction in patients with retinal artery occlusion.
DM: diabetes mellitus, HT: hypertension, HD: heart dis-
ease. �: risk factor �, �: risk factor �.

Figure 5. Percentage of traditional risk factors (hyperten-
sion, diabetes mellitus, heart disease) for asymptomatic ce-
rebral infarction in patients with retinal vein occlusion.
DM: diabetes mellitus, HT: hypertension, HD: heart dis-
ease. �: risk factor �, �: risk factor �.
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years to 23.5% in those older than 71 years of age
(Figures 2, 3). There was no tendency in the inci-
dence of each traditional risk factor mentioned above
in control adults with and without ACI. None of
these risk factors was found to be significantly corre-
lated with the incidence of ACI in this study.

 

Discussion

 

There is little information about the relationship
between retinal vascular obstruction and ACI. Wij-
man et al

 

5

 

 reported the incidence of cerebral mi-
croembolism detected by transcranial Doppler ul-
trasonography in patients with clinical evidence of
retinal ischemia, including transient monocular blind-
ness, central and branch retinal artery infarction, and
ischemic oculopathy. Microembolisms were detected
in 40.0% of middle cerebral arteries in the study
group and in 9.2% of the controls. However, there
have been no reports on the relationship between
retinal vascular obstruction, including RAO and
RVO, and ACI detected by MRI.

The MRI apparatus used in the present study for
the detection of retinal vascular obstruction can visu-
alize 1–2-mm lesions with 1.5 tesla resolution, but for
the one used for health examinations the lesion must
be 7.0 mm with 0.2 tesla resolution. The difference
between the two apparatuses is too great to compare
the patient group with the health screening group.
However, it is very difficult to get an apparently
healthy control group examined with a high quality
MRI apparatus because such an apparatus is not
usually used for health screening. In spite of this ob-
stacle, the findings of the present study suggest that
ACI occurs prior to the onset of retinal vascular ob-
struction.

The incidence of ACI in healthy adults is reported
to increase with age.

 

3,4

 

 ACI was found in 14.1% of
healthy adults, and its incidence increased with age
in this study. The incidence in healthy adults in the
present study was similar to that in previous re-
ports.

 

3,4

 

 The present study indicates that the inci-
dence of ACI in patients in the RAO and RVO

groups is significantly higher at all ages than that in
healthy adults. The incidence of ACI in patients with
both RAO and RVO also increased with age. Al-
though RAO has been reported to be related to sys-
temic vascular disturbances, especially cerebral in-
farction,

 

6,7

 

 RVO has not been shown to be related to
cerebral infarction. We found that the incidence of
ACI was also higher in RVO patients than in controls.
The results suggest that not only RAO but also RVO
is related to cerebral infarction, especially ACI.

The most frequent type of ACI in the MRIs of pa-
tients with RAO and RVO was lacunar infarction.
Our results suggest that patients with RAO and
RVO have a high possibility of having asymptomatic
lacunar infarction.

The most frequent type of ACI in normal adults
was lacunar infarction, and its incidence is reported
to be approximately 80% of all lacunar infarctions.

 

8

 

Silent lacunar infarction is often asymptomatic and is
found in elderly Japanese patients with hypercoagu-
lability, endothelial cell damage and high Lp(a) lev-
els.

 

9

 

 However, in our study groups and controls,
there was no statistically significant difference in the
serum cholesterol level or the hematological findings
between patients with and those without ACI. Lacu-
nar infarcts have been defined by Fisher as small,
deep cerebral infarcts resulting from occlusion of
small penetrating cerebral arteries. Lacunar infarcts
range in size from very small (3 to 4 mm) to large
(1.5 to 2.0 cm).

 

10

 

 Loeb et al

 

11

 

 studied 383 consecutive
patients with stroke and ischemic lesions on CT scan
for the characteristics of symptomatic cerebral inf-
arction and ACI. The larger infarctions tended to be
symptomatic, whereas the very small ones were lia-
ble to be asymptomatic unless they were strategically
located in a sensory or motor tract. In other words,
ACI is assumed to be a sign of symptomatic cerebral
infarction. Generally speaking, risk factors for ACI
are similar to those for stroke such as symptomatic
cerebral infarction.

 

2

 

 There are various etiologies of
lacunar infarction: microvascular diseases, such as li-
pohyalinosis and microatheromata,

 

12

 

 as well as mi-
croemboli, microaneurysms, and arteritis.

 

13–15

 

Persons with retinal emboli are at an increased risk
of stroke-related death. In previous reports, patients
with RAO most frequently had symptomatic cortical
infarction.

 

16

 

 This may be related to the fact that one of
the causes of RAO and cortical infarction is thrombo-
sis due to atherosclerosis. In patients without cardiac
embolic sources, cerebral microembolism is frequently
present on the same side as the retinal ischemia, par-
ticularly during the week after the onset of symptoms.
Cerebral microembolism is often associated with se-

 

Table 1.

 

 Types of Cerebral Infarction in Patients with 
Retinal Artery Occlusion (RAO) and Retinal Vein 
Occlusion (RVO)*

 

Type of Infarction RAO RVO Total

Lacunar 8 (88.9) 23 (100) 31 (96.9)
Multiple 1 (11.1) 0 (0) 1 (3.1)
Cortical 0 (0) 0 (0) 0 (0)

*Values in parentheses are percentages.
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vere stenosis or occlusion of the ipsilateral carotid ar-
tery.

 

5

 

 In this study, patients with RAO and RVO did
not have asymptomatic cortical infarction. This means
that cortical infarction tends to cause symptoms de-
pending on its location in the brain and its size.

Kogure et al

 

16

 

 reported that cerebral infarction
was detected in 25% of the patients with RAO. Na-
kao et al

 

17

 

 reported that the onset of symptomatic
cerebral infarction of patients with RAO was mainly
before the onset of RAO. The onset of symptomatic
cerebral infarction in patients with RVO was mainly
after the onset of RVO. The times of onset of RAO
and symptomatic cerebral infarction were close to
each other. Nakao stated that these results indicated
a close relationship between arterial occlusion in the
fundus and cerebral infarction, and that atheroma-
tous arteriosclerosis seemed to be the common risk
factor. On the other hand, there was only a slight re-
lationship between RVO and stroke. Although cere-
bral vessels of patients with RAO are stenotic and
obstructed,

 

18–20

 

 the incidence of stroke in patients
with RVO is not high.

 

1,21

 

 The incidence of ACI in
patients with RVO has not been reported yet. In our
study, the incidence of ACI in patients with RVO
was 64.5%, much higher than in normal adults.

ACI was especially frequently found in MRIs of
patients with a history of hypertension. Arterioscle-
rosis advances with age and hypertension. As the
cause of RVO, a thickened arterial wall reduces the
caliber of the adjacent vein in a common sheath.

 

22

 

The resulting stenosis slows blood flow and increases
viscosity. These changes may lead to RVO. Arterio-
sclerosis caused by hypertension has something to do
with both retinal vascular obstruction and ACI. In
the groups of patients with RAO and RVO, the inci-
dence of hypertension in those with ACI was apt to
be higher than in those without ACI. That is, pa-
tients with RAO and RVO have risk factors includ-
ing hypertension and ACI.

According to Shinkawa et al,

 

4

 

 patients with silent in-
farctions had higher levels of certain risk factors such
as increased systolic and diastolic blood pressure than
did those without stroke but lower levels than did
those with a history of clinical stroke. This suggests
that individuals with silent infarcts may be ranked as a
moderate risk group for stroke.

 

1

 

 In the same way, our
results suggest that patients with retinal vascular ob-
struction should be ranked as a moderate risk group
for stroke. Especially, patients with retinal vascular
obstruction and hypertension are in a high-risk group
for stroke, so they should be treated systemically.

Small lacunar infarctions appear to be asymptom-
atic. We found that the patients with retinal vascular

obstruction, such as RAO and RVO, had ACI be-
fore retinal vascular obstruction. Therefore, regard-
less of the existence of symptoms, patients with reti-
nal vascular obstruction may be at high risk for
cerebral infarction. Moreover, our results indicate
that RAO and RVO should be suspected as signs of
ACI, symptomatic cerebral infarction and systemic
diseases such as arteriosclerosis. Our next research
project will focus on whether or not ACI in a patient
with retinal vascular infarction has any correlation
with the patient’s life span.
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