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Typical pathological changes of CADASIL in the optic nerve
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Abstract Visual impairment due to retinal and optic nerve
changes in cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL)
is more common than previously thought. Deposits of gran-
ular osmiophilic material (GOM) have been shown in the
wall of retinal arterioles, though retinal infarcts and vascu-
lar occlusions have never been reported. Ischaemic optic
neuropathy, on the other hand, has been reported in one
case of CADASIL but no pathology reports of the optic
nerve have been published. Here we report optic nerve mor-
phological findings in the autopsy material of a 41-year-old
woman with genetically assessed CADASIL. Longitudinal
and transverse sections of optic nerves were examined.
Classical histological methods (haematoxylin-eosin and
Nissl) were performed. Diffuse pallor of myelin and rar-
efaction of optic nerve fibres were observed. Classical
GOM was evident in the tunica media of vessels in the
meninges and white matter. Arteriole lumina were slightly
narrowed. In conclusion, the typical pathological changes
of CADASIL occur in the optic nerve and may contribute
to impairment of visual function in CADASIL.
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Introduction

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is a heredi-
tary late onset disorder characterised by transient
ischaemic attacks, migraine, strokes and dementia [1]. The
pathological hallmark of the disease is deposition of gran-
ular osmiophilic material (GOM) in the tunica media of
small arteries and arterioles of the brain white matter and
meninges [2]. Smooth muscle cells of arterial walls seem
to be the pathological target [3]. Although clinical symp-
toms are restricted to the central nervous system, the
pathological process also affects vessels in skin, muscle,
peripheral nerves and internal organs [4]. In recent years,
impairment of the visual system has been reported in
CADASIL patients. In particular, ophthalmoscopic [5],
haemodynamic [6] and electrophysiological [7] changes
have been documented in the retina and GOM has been
observed in retinal vessels. Beside the retina, the optic
nerve may be involved, and ischaemic optic neuropathy
was recently reported as a first symptom in a CADASIL
patient [8].

Here we report optic nerve morphological findings in
autopsy material (orbital, intracanalicular and intracranial
portions) of a 41-year-old woman with genetically
assessed CADASIL.

Case report

The clinical and neuropathological data of this patient
have already been reported [9]. Briefly, at 34 years,
episodes of migraine began. At 35 years she experienced
right paresis which regressed in a few days. At 36 years,
speech impairment associated with ataxia and progressive
cognitive impairment were noted. At 40 years, her overall
neurological condition deteriorated, leading to a comatose
state and death at 41 years. Although she did no complain
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of visual symptoms, optic nerves appeared diffusely pale
and retinal vessels were narrowed on fundoscopy.

The diagnosis of CADASIL in this family was con-
firmed by molecular analysis (G437A substitution in exon
4 of the Notch 3 gene) and neuropathological findings.

Autopsy was performed about 18 h after death; the
brain was fixed in formalin for 30 days. Longitudinal and
transverse sections of chiasma and optic nerves (fragments
from orbital, intracanalicular and intracranial portions)
were embedded in paraffin and stained by routine histo-
logical methods (haematoxylin-eosin, Nissl, Woelcke).
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Results

Woelcke stain showed diffuse pallor of myelin and fiber
rarefaction in the optic nerves and chiasma (Fig. 1).
Demyelination was irregular, without any precise distrib-
ution pattern. Meningeal and white matter arterial vessels
showed thickened walls and classical deposits of granular
eosinophilic and PAS-positive material in the tunica
media (Fig. 2). The lumina of some vessels showed slight
stenosis.

i

Fig. 1 (Woelcke stain) Macroscopic
sections of (a) optic nerve (transverse
section) and (b) chiasma (sagittal sec-
tion) showing diffuse demyelination

with irregular distribution

Fig. 2 (Optic nerve, H&E stain) of leptomeningeal (a, x600) and parenchymal (b, x500; ¢, x180) vessels, showing deposits of gran-
ular material in the walls (arrows). In b and ¢, rarefaction of white matter is also evident
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Discussion

Recent reports underline impairment of visual function in
CADASIL, mostly caused by retinal damage. This is to be
expected, as retinal and cerebral arterioles have common
anatomy and physiology. The presence of the pathological
hallmark of the disease in retinal vessels was first demon-
strated by Rouchoux et al. [10], who described an autop-
sy case of CADASIL in which GOM deposits greatly
affected both brain and retina. The characteristic fundo-
scopic retinal findings observed are arteriole narrowing
and sheathing, especially in the peripapillary region [11].
Vascular changes in the eye, however, are not limited to
retinal vessels. Choroid vasculature may also be involved
as demonstrated by Robinson et al. [5], who showed flu-
orescein angiographic evidence of irregular filling of the
choroid.

Histopathological abnormalities have recently been
reported in ocular blood vessels of CADASIL patients
[12]. A significant loss of vascular smooth muscle cells
(VSMC) was shown in retinal and optic nerve head ves-
sels. Functional impairment of the retina was also docu-
mented in a visual electrophysiological study of patients
with CADASIL. The authors showed abnormal responses
in symptomatic and asymptomatic patients [13]. Another
functional study, regarding haemodynamics of the super-
ficial portion of the papilla, mostly supplied by retinal
arterioles but partly by deeper optic nerve circulation,
indicated a reduction in blood flow and volume [6].

Optic nerve dysfunction has been the subject of little
study in CADASIL, and pathology reports have not
focused on this problem. Although no retinal infarcts or
vascular occlusions have been shown in symptomatic
CADASIL patients, we recently reported a case of acute
and permanent visual loss due to optic nerve ischaemia [8].

In the present study we found the characteristic lesions
of CADASIL in arterial vessels of the optic nerve. We
also found slight demyelination and fibre rarefaction.
These lesions may explain abnormalities of the visual sys-
tem detected in previous studies.

In conclusion, our study demonstrates GOMs in arte-
riolar walls of the optic nerve, associated with demyelina-
tion, fibre rarefaction and, sometimes, vessel lumen nar-
rowing. These findings suggest that optic nerve damage
may contribute to impairment of visual function in
CADASIL.

Sommario Il coinvolgimento visivo nel “Cerebral
Autosomal Dominant Arteriopathy with Subcortical
Infarcts and Leukoencephalopathy” (CADASIL) ¢ piu
comune di quanto inizialmente riportato. Oltre alle note
alterazioni retiniche, sono state riscontrate recentemente
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alterazioni a carico del nervo ottico. In particolare ¢ stata
descritto un caso di ischemia del nervo ottico come primo
sintomo di CADASIL. I caratteristici depositi di materiale
granulare osmofilico (GOMs) nella parete delle arteriole
retiniche é stata precedentemente documentata. In questo
lavoro dimostriamo che anche il nervo ottico presenta le
caratteristiche alterazioni morfologiche della malattia, in
piu e presente una rarefazione delle fibre e della mielina.
Questi dati suggeriscono che un danno a carico del nervo
ottico puo contribuire ad una alterazione della funzione
visiva nel CADASIL.
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