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We assessed the prevalence and characteristics of
neuro-ophthalmological manifestations (NOMs)
in patients with stroke due to internal carotid
artery (ICA) disease. NOMs were evaluated in
81 patients with ICA dissection and 229 patients
with ICA atherosclerotic occlusion from the
Lausanne Stroke Registry. NOMs, seen in 57% of
patients with ICA dissection consisted of visual
field defect (32%), Horner’s syndrome (26%),
transient monocular blindness (5%), ocular ischaemic syndrome (4%) and ocular motor paresis
(1%). The prevalence of NOMs was lower with
ICA atherosclerotic occlusion (42%). Similarly,
they consisted of visual field defects (26%),
Horner’s syndrome (7%), transient monocular
blindness (8%) and ocular ischaemic syndrome
(3%). NOMs, consisting predominantly of homonymous hemianopia and transient monocular
blindness, were the presenting signs in 16% of
ICA dissection and 9% of ICA occlusion. Recognition of initial NOMs in these disorders may
provide a window of opportunity for interventive
therapies to avert stroke.
Keywords: internal carotid artery dissection,
internal carotid artery occlusion, stroke, neuroophthalmological manifestations

Introduction
Internal carotid artery (ICA) dissection is found
in 2.5 to 4% of patients with ischaemic stroke [20,
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24], with particular incidence in young age groups
[12, 14, 32, 40]. Clinical features include, among
others, headache, tinnitus, neuro-ophthalmological
manifestations (NOMs) and focal neurological
deficits [5, 16, 38].
NOMs can follow chronic occlusion of the
ICA [23, 25, 43, 46], but frequently they can occur
before or simultaneously at the onset of stroke.
These include: Horner’s syndrome [1, 7, 9, 20, 24,
31, 39], ocular motor paresis [7, 21, 27, 30], transient
monocular blindness [16, 20, 24, 28, 39], visual
field defects [31], and ocular ischaemic syndrome
[6, 9, 16, 21, 33, 45]. In the latter, ophthalmic vasoocclusion may result in sudden and irreversible
loss of vision and has been termed ocular stroke
[33]. At times, isolated neuro-ophthalmological
symptoms may be the sole manifestation of an
ICA disease; thus, raising the question that early
diagnosis based on these symptoms may predict
the occurrence of stroke.
The aim of this study was to evaluate the prevalence and clinical characteristics of NOMs in
patients with stroke due to ICA disease (atherosclerotic occlusion and dissection).

Materials and methods
The present study is based on consecutive cases
of ICA disease (dissection or occlusion) with a
first time ischaemic stroke examined from the
Lausanne Stroke Registry [13]. Patients with isolated transient ischaemic attacks (TIA), or headache due to ICA dissection, were excluded from
this study. All patients underwent a thorough and
standardised neurological examination. During
hospitalisation all the patients underwent a diary
system of ophthalmoscopic evaluation by neuroophthalmologists. Finally, the patients were blinded evaluated by the same senior neurologist (JB).
Investigation of ocular troubles prior to stroke
was retrospectively assessed according to history
although it was sometimes difficult to identify
precisely which type of visual deficit the patient
had experienced. Transient monocular blindness
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was defined by transient monocular obscuration
or loss of vision with or without positive phenomena of at least several seconds of duration. [44].
The diagnosis of ocular ischaemic syndrome was
based on a history of monocular visual loss and
ophthalmologic evidence of permanent loss of
visual acuity or visual field with retinal ischaemia
at ophthalmologic evaluation (central retinal artery occlusion or branch retinal artery occlusion
[44]). The diagnosis of dissection or occlusion was
established by angiography and Doppler ultrasonography findings according to the previous
criteria [17–20, 22, 26]. MRI with angiographic
sequences was performed on selected patients
(since the time the technique became available) as
an alternative to conventional angiography [34].
We defined the presumed cause of ICA occlusion
as atherosclerotic according to the previous criteria [13]. On account of the difficulties in separating
traumatic and spontaneous dissection [4, 31, 39],
in this current study, we classified dissection as
traumatic when occurring after an obvious head
or neck trauma, or, after unusual sudden neck
movements. In other cases, dissections were considered spontaneous, even if minor or trivial trauma was evidenced on historical examination of
the patients.
Characteristics of patients with ICA dissection
or atherosclerotic occlusion were compared using
a chi square test.

Table 1

Internal carotid arter y dissection
Eighty-one patients (2.2% of the 3628 of Lausanne
Stroke Registry) (39 men and 42 women, mean
age 44.9 years, range 21–72) had ICA dissection.
A bilateral dissection was found in 2 patients and
simultaneous carotid and vertebral dissection in
one. History of trauma clearly related to the dissection was established in 12 patients, while the
possibility of previous minor trauma (trivial trau-

patients with NOMs
(n = 46) (56.8%)

patients without NOMs
(n = 35) (43.2%)

total
(n = 81)

mean age (years)

45.2 (range 21–71)

43.7 (range 24–58)

44.9 (range 21–71)

sex

20  (43.7%)
26  (56.3%)

19  (54.3%)
16  (45.7%)

39  (48.1%)
42  (51.9%)

5 (10.9%)

7 (20.0%)

smoking

10 (21.7%)

14 (40%)

12 (14.8%)
24 (29.6%)

hypercholesterolaemia

1 (2.2%)

5 (14.3%)

6 (7.4%)

oral contraceptive

4 (15.4% of women)

5 (31.2% of women)

9 (21.2% of women)

Demographic characteristics and risk factors of patients with atherosclerotic internal carotid ar ter y occlusion.

patients with NOMs
(n = 95) (41.5%)

patients without NOMs
(n = 134) (58.5%)

64.2 (range 28–88)

sex

71  (74.7%)
24  (25.3%)

hyper tension

55 (57.9%)

67 (50.0%)

122 (53.3%)

smoking

64 (67.4%)

89 (66.4%)

153 (66.8%)

hypercholesterolaemia

30 (31.6%)

40 (29.8%)

70 (30.6%)

1 (4.2%)

64.6 (range 44–87)

total
(n = 229)

mean age (years)

oral contraceptive
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The population characteristics and risk factors
of patients with ICA disease are summarised in
table 1 (dissection) and table 2 (occlusion). Patients
with dissection were younger (p = 0.002), had fewer
vascular risk factors (14.8% of patients with ICA
dissection had hypertension vs. 53.3% of patients
with ICA occlusion, p = 0.001; 29.6% smoked vs.
66.8%, p = 0.001; 7.4% had hyperlipidaemia vs.
30.6%, p = 0.001; but 21.4% of women with ICA
dissection used oral contraceptive vs. 4.2% of
women with ICA occlusion, p = 0.001), and were
more likely to be female (p = 0.003) than those
with atherosclerotic occlusion. However, there
were no overt differences in these characteristics
between patients with and without NOMs for
either aetiology.

Demographic characteristics and risk factors of patients with internal carotid ar ter y dissection.

hyper tension

Table 2

Results

102  (76.1%)
32  (23.9%)

–
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64.4 (range 28–88)
173  (75.5%)
56  (24.5%)

1 (1.7%)
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Table 3

Frequency of neuro-ophthalmological manifestations
in carotid disease.

neuro-ophthalmological
manifestations
homonymous lateral hemianopia

dissection

occlusion

24 (29.6%)

57 (24.9%)

2 (2.5%)

2 (0.8%)

inferior homonymous
quadrantanopia
Horner’s syndrome

21 (25.9%)

17 (7.4%)

ocular motor paresis

1 (1.2%)

–

rubeosis, “black spots”
on the visual field

1 (1.2%)

–

transient monocular blindness

4 (4.9%)

19 (8.3%)

ocular ischaemic syndrome

3 (3.7%)

7 (3.0%)

signs of circulator y distress
at the ocular fundus

2 (2.5%)

4 (1.7%)

ma) was found in 8 patients. NOMs were present
in 46 (56.8%) patients (table 3). In 12 patients
(10 with Horner’s syndrome and homonymous
lateral hemianopia, 1 with Horner’s syndrome and
ocular motor paresis and 1 with Horner’s syndrome
with rubeosis and “black spots” on the visual field)
there were 2 NOMs associated.

Table 4

Visual field defects were the most frequent
NOMs present in 26 (32.1%) patients, with homonymous lateral hemianopia in 24 (3 cases of traumatic dissection and 21 cases of spontaneous
dissection) and inferior homonymous quadrantanopia in 2 (spontaneous dissection). Among
these patients, visual field defects were the sole
initial symptom in 7 patients (see table 4). In 3 of
these patients, the field defect resolved within
24 hours, but a disabling hemispheric syndrome
occurred between 6 hours to 15 days later. In the
other 4 patients, the field defect persisted and
evolved into a hemispheric syndrome over the next
2 to 24 hours. Visual field defects were also identified simultaneously with hemispheric deficits in
an additional 19 patients with stroke due to dissection of ICA.
Horner’s syndrome (complete or incomplete)
was present in 21 (25.9%) patients (all 7 cases of
traumatic dissection and 14 cases of spontaneous
dissection, including 2 patients with history of
minor/trivial trauma). Horner’s syndrome was
associated with homonymous hemianopia in 10,
with ocular motor paresis in 1 and with rubeosis
in another (this patient complained of “black

Characteristics of patients with carotid dissection and NOMs prior stroke.

NOMs

headache

neck
pain

duration

time
interval

NOMs on onset
of stroke

neurological
deficits

transient monocular
blindness

fronto-orbital

+

10 min

24 hours

–

FUL, S

transient monocular
blindness

ocular

–

20 min

1 month

–

FUL, S, A

transient monocular
blindness

–

–

20 min

7 days

–

FUL, S

transient monocular
blindness

fronto-orbital

+

30 min

6 hours

–

FUL, S

inferior homonymous
quadrantanopia

frontal

–

15 min

15 days

identical

FUL

homonymous lateral
hemianopia

frontal

–

2 hours

6 hours

identical

FUL, A

homonymous lateral
hemianopia

–

+

persistent

8 hours

identical

FUL

homonymous lateral
hemianopia

fronto-orbital

+

persistent

2 hours

identical

FUL, A

homonymous lateral
hemianopia

–

–

persistent

2 hours

identical

FUL

homonymous lateral
hemianopia

–

–

24 hours

7 days

–

FUL, A

homonymous lateral
hemianopia

–

–

persistent

24 hours

identical

FUL

Horner’s syndrome

hemifacial

–

persistent

1 hour

identical

FUL, S, N

Horner’s syndrome,
rubeosis

–

–

persistent

10 hours

identical

FUL

Hemiparesis (F = facio, U = brachio, L = crural), A = aphasia, S = sensor y disturbances, N = neglect)
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spots” in the visual field). In 2 cases it was the
initial symptom. Time lag from the onset of Horner’s syndrome to the onset of stroke was 1 hour
and 10 hours respectively.
Transient monocular blindness was present in 4
(4.9%) cases and associated with spontaneous
carotid dissection. Time lag from the onset of transient monocular blindness to the onset of stroke
ranged from 6 hours to 1 month.
Ocular motor paresis was verified only in one
case (1.2%), simultaneously involving the III, IV
and VI cranial nerves associated with Horner’s
syndrome. Ocular motor paresis was present during the stroke.
Ocular ischaemic syndrome was evident in 3
(3.7%) cases (spontaneous dissection). In another
2 patients (2.5%), there were signs of circulatory
distress at the ocular fundus (pallor of the optic
disk and venous congestion) without signs of any
visual symptoms either previously or at admission,
and without a former history of ocular or intracranial disease.
In summary, in 13 (16.0%) patients with ICA
dissection, NOMs constituted the initial clinical
picture (see table 4). Among these patients,
fronto-ocular pain was also present in 7 patients
and neck pain in 4. Time lag from the onset of
NOMs to the onset of stroke ranged from 1 hour to
1 month, although in 9 (69.2% of the 13 patients)
it ranged from 1 to 24 hours. NOMs were transient
in 7 patients and persisted until the onset of stroke
in 6.
In total, headache was present in 22 (47.8%)
patients with NOMs compared to 17 (48.6%) patients without NOMs and neck pain in 9 (19.6%)
patients with NOMs compared to 2 (5.7%) patients
without NOMs. The headache characteristics were
similar between the group with NOMs and the
group without NOMs even if there was a little
prevalence for fronto-ocular and ocular pain in
patients with NOMs (7 vs. 3).

Atherosclerotic internal carotid arter y occlusion
Two hundred and twenty-nine patients (6.3% of
the 3628 of Lausanne Stroke Registry; 173 men
and 56 women, mean age 64.4 years, range 28–88)
had ICA occlusion.
NOMs were present in 95 (41.5%) patients
(table 3). In 11 patients 2 forms of NOMs related
incidences coexisted (6 evidenced with Horner’s
syndrome and homonymous lateral hemianopia,
3 with transient monocular blindness and homonymous lateral hemianopia and 2 with transient
monocular blindness and Horner’s syndrome).
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Visual field defects were the most frequent
NOMs present in 59 (25.7%) patients, with homonymous lateral hemianopia in 57 and inferior
homonymous quadrantanopia in 2. Homonymous
lateral hemianopia alone, was an initial symptom
in 2 patients (2 and 5 hours prior to stroke).
Transient monocular blindness was present in
19 (8.3%) cases. In all the patients the initial
sign and the time lag from the onset of transient
monocular blindness to the onset of stroke ranged
from 12 hours to 12 months. In 5 patients the subsequent stroke presented other NOMs (3 cases
with homonymous lateral hemianopia and 2 cases
with Horner’s syndrome).
Horner’s syndrome (complete or incomplete)
was present in 17 (7.4%) patients. Horner’s syndrome was associated with homonymous lateral
hemianopia in 6 patients and with transient monocular blindness in 2 patients.
Ocular ischaemic syndrome was evident in 7
(3.0%) cases. In another 4 (1.8%) patients, there
were signs of circulatory distress at the ocular
fundus without signs of any visual symptoms either
previously or at admission, and without a former
history of ocular or intracranial disease.
In summary, in 21 (9.2%) patients with ICA
occlusion, NOMs constituted the initial clinical
picture (see table 5). Among these patients, frontal
headache was also present in only 1 patient. Time
lag from the onset of NOMs to the onset of stroke
ranged from 2 hours to 12 months. In 5 patients it
ranged from 1 to 24 hours. NOMs were transient
in 19 patients (transient monocular blindness) and
persisted until the onset of stroke in 2 (homonymous lateral hemianopia).
In total, headache was present in 11 (11.6%)
patients with NOMs compared to 18 (13.4%) patients without NOMs. Neck pain not was present.

Discussion
NOMs associated with stroke from ICA disease
seem to have characteristic patterns. In general,
they represent the particular susceptibility of the
optic system to the effects of ischaemia, the close
anatomical relations between the ICA and structures involved in different aspects of the regulation
of this system, or perhaps, they form part of a group
of deficits secondary to brain ischaemia.
Horner’s syndrome, which is usually attributed
to the damage of the sympathetic fibres traveling
along the carotid artery [2, 31], was detected in
58.3% of the patients (7 of 12) having traumatic
dissection, and in 7.4% of patients with ICA occlusion, underlining the possible role of direct trauma
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Table 5

Characteristics of patients with carotid occlusion and NOMs prior stroke.

NOMs

headache

duration

time
interval

NOMs on onset
of stroke

neurological
deficits

transient monocular blindness

–

30 min

1 week

–

FUL

transient monocular blindness

–

5 min

5 months

–

FUL

transient monocular blindness

–

60 min

1 day

–

FUL, S, A, N

transient monocular blindness

–

5 min

2 months

–

FUL

transient monocular blindness

–

15 min

15 days

HLA

FUL, S, A, N

transient monocular blindness

–

15 min

1 month

–

FUL, S

transient monocular blindness

frontal

15 min

20 days

HLA

FUL, S, A, N

transient monocular blindness

–

10 min

3 weeks

–

FU

transient monocular blindness

–

30 min

1 month

Horner’s syndrome

FUL

transient monocular blindness

–

5 min

1 month

–

FU

transient monocular blindness

–

15 min

3 months

–

FUL, S, A, N

transient monocular blindness

–

15 min

4 months

–

FU

transient monocular blindness

–

30 min

2 months

–

FU

transient monocular blindness

–

30 min

1 week

Horner’s syndrome

FU

transient monocular blindness

–

30 min

12 months

–

FUL, S, N

transient monocular blindness

–

30 min

12 hours

–

FUL

transient monocular blindness

–

10 min

1 week

HLA

FUL

transient monocular blindness

–

30 min

20 days

–

FUL, S

transient monocular blindness

–

30 min

1 day

–

FUL, S

HLA

–

persistent

5 hours

HLA + Horner

FUL, A

HLA

–

persistent

2 hours

identical

FUL, A

Hemiparesis (F = facio, U = brachio, L = crural), A = aphasia, S = sensor y disturbances, N = neglect, HLA = homonymous
lateral hemianopia

in this process. Patients with incomplete syndrome
probably had involvement of the sympathetic
fibres that accompany the ICA, with sparing of
the external carotid plexus [3].
Transient monocular blindness prior to stroke
from ICA disease may be due to embolisation from
the artery or to a haemodynamic mechanism or
to a vasospasm [15]. In each case, the results are
decreased blood supply to the posterior ciliary
artery and consequent ischaemia of the optic nerve
[8, 16]. The amaurosis fugax in a middle aged or
older patient is an indication of atherosclerotic
stenosis in the carotid system.
The same mechanisms that search to explain
transient monocular blindness may also explain
the occurrence of visual field defects before the
onset of stroke [42]. Except for 2 patients having
ICA dissection, the onset of visual field defects
preceded the onset of stroke in a time interval
which was less than 24 hours. Perhaps this may
be related to the type of stroke itself and may be
only the first of multiple focal neurological deficits.
On the contrary, in 2 cases with ICA dissection,
there was a time interval greater than one week
which may indicate that the process is still re-
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versible and this time interval could be sufficient
for intervention.
Ocular ischaemic syndrome (ocular stroke)
appears to be caused by occlusion of the central
retinal artery and consequent infarct of the optic
nerve head or by retinal ischaemia. Ocular stroke
was associated with simultaneous cerebral infarction (optico-cerebral syndrome) [11]. Once again,
both embolic and haemodynamic mechanisms
have been postulated [16]. A significant reduction
of the visual acuity was the principal complaint
of these patients. Although there are reports of
retro-bulbar ischaemia with visual impairment
associated with dissection (posterior optic neuropathy) [6, 37], our study did not find any patient with
this clinical pattern. In fact, apart from these patients with optic ischaemic syndrome, we found 6
other patients that presented signs of circulatory
distress at the optic fundus suggesting retinal ischaemia, but without signs of any visual impairment.
Our results showed that it may be present early
after the occlusion and that the systematic search
of this type of lesion is important even when there
were no visual complaints. The ophthalmic artery
system is not a terminal system; isolated ophthal-
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mic artery occlusion may not be clinically significant and presentation can vary greatly [10].
Ocular motor paresis, which was present in
only one patient (with ICA dissection), may be
due to either the extension of the dissection to the
cavernous sinus or occlusion (mechanic, embolic
or haemodynamic) of the vessels supplying the
vasa nervorum that feed the peripheral branches
of the cranial nerves [30, 35].
A previous study reported 3 cases of ICA dissection, which presented itself with visual symptoms resembling the migraine aura (scintillating
scotoma). Our study did not find any patients with
this clinical pattern [36].
Headache and neck pain, which are often attributed to referred pain from the ICA dissection
[41], were the only accompanying symptoms of
NOMs that occurred prior to stroke. It is possible
that NOMs may also participate in the genesis of
such headache even if the pain in ICA dissection
is considered to be due to distention of the artery,
or to ischaemia of the pericarotid plexus, or even
to involvement of the trigemino-vascular system
[3, 29, 38].
In our patients NOMs were the sole manifestation of ICA disease with brain ischaemia in 24
(29.6%) patients with ICA dissection and in 84
(36.7%) patients having ICA occlusion but a limitation of this study is that we cannot determine the
exact predictive value of NOMs because we have
not data regarding patients with isolated NOMs
who did not ultimately present a stroke such as patients with transient neurological deficits and monocular obscuration of vision with exercise or dinning
of vision during exposition to bright light (in fact,
the Registry included only patients with stroke).
Our study suggests a high frequency of NOMs
in ICA disease, with a higher prevalence in ICA
dissection. Our findings also showed differences
between NOMs with ICA dissection and NOMs
with atherosclerotic ICA occlusion. In fact, Horner’s syndrome was less frequent in ICA occlusion
and it was never present prior to the onset of
stroke; moreover, headache and neck pain were
frequently the accompanying symptoms of NOMs
in ICA dissection and also prior to stroke, while
neck pain was not present in ICA occlusion but
headache was found in this group of patients only
in few cases. In conclusion, isolated neuro-ophthalmological symptoms may be the initial clinical
picture and sole manifestation in patients with
ICA disease and acute stroke and the time intervals between neuro-ophthalmic signs and stroke is
sufficient for intervention; early diagnosis based
on these symptoms and early treatment may significantly improve the outcome.
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