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Transsynaptic Degeneration of Lateral Geniculate Bodies in Blind
Children: In Vivo MR Demonstration

Carla Uggetti, Maria Grazia Egitto, Elisa Fazzi, Paolo Emilio Bianchi, Federico Zappoli, Adelaide Martelli, and

Giovanni Lanzi

PURPOSE: To investigate signal alterations in the thalamic lateral geniculate bodies of blind
patients compatible with transsynaptic degeneration of these nuclei caused by pregeniculate or
postgeniculate interruption of the visual pathway. METHODS: Six patients were selected from a
group of blind children in our care. Four had cerebral palsy caused by periventricular leukomalacia,
one had infantile neuroaxonal dystrophy, and one had Chiari | malformation and hydrocephalus,
which was worsened by bilateral ischemic lesions of the occipital lobes. MR examinations (obtained
at 0.5 T) were reviewed retrospectively by two neuroradiologists, with particular attention to the
visual pathway. RESULTS: Symmetric, focal areas of T2 prolongation were found at the precise
site of the lateral geniculate bodies. CONCLUSION: Anterograde (pregeniculate) and retrograde
(postgeniculate) transsynaptic degeneration of the second neurons of the visual pathway produce

alterations in MR signal.
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Transsynaptic degeneration is the term used
to describe the alteration of neurons caused by
the loss of synaptic input when fibers afferent to
them are damaged: atrophy slowly subsides,
followed by neuronal cell loss and reactive gli-
osis (1). This process has been well docu-
mented in the visual pathway, wherein cells of
the lateral geniculate bodies are known to de-
generate after loss of an eye, and in lesions of
the retina, optic nerve, and optic tract. It is also
known that transsynaptic degeneration may oc-
cur in a retrograde fashion, in which lesions of
the optic radiation or calcarine cortex cause
degeneration of retinal ganglion cells across the
lateral geniculate body (1-4).

Until the advent of magnetic resonance (MR)

Received April 8, 1996; accepted after revision August 6.

From the Servizio di Neuroradiologia (C.d., M.G.E., F.Z., A.M.) and the
Divisione di Neuropsichiatria Infantile (E.F., G.L.), IRCCS Istituto Neuro-
logico “Fondazione C. Mondino,” and the Clinica Oculistica, IRCCS “Poli-
clinico S. Matteo” (P.E.B.), Pavia, ltaly.

Address reprint requests to Carla Uggetti, MD, Servizio di Neuroradio-
logia, IRCCS Istituto Neurologico “Fondazione C. Mondino,” v. Palestro, 3,
27100 Pavia, ltaly.

AJNR 18:233-238, Feb 1997 0195-6108/97/1802-0233
© American Society of Neuroradiology

233

imaging, the lateral geniculate body was diffi-
cult to see radiologically, owing to its size and
position (5). Recently, however, an MR study of
the optic pathways in two blind children with
periventricular leukomalacia has suggested that
the finding of a symmetric signal hyperintensity
in the lateral geniculate body may represent a
secondary degeneration of the neural cell bod-
ies (6).

In this study, we investigated the MR signal
alterations in the lateral geniculate bodies of
blind children with different diseases and with
lesions at different locations in the visual path-
way (ie, pregeniculate and postgeniculate).

Materials and Methods

We retrospectively reviewed the MR images of 20 blind
children who had undergone neuroradiologic examination
for associated clinical problems to search for possible in-
volvement of lateral geniculate bodies. Six MR studies
were selected in which two neuroradiologists indepen-
dently verified the appearance of signal alteration at this
site. The patients were four boys and two girls, ranging in
age from 15 months to 6 years (mean age, 4 years).
Underlying diseases included periventricular leukomalacia
(four patients), Chiari I malformation (one patient), and
neuroaxonal dystrophy (one patient).
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Fig 1. Case 1: Blind patient with spastic
tetraplegia (resulting from periventricular leu-
komalacia) and optic nerve atrophy. Axial
spin-echo T2-weighted (2500/100) MR image
shows signal hyperintensity in both lateral
geniculate bodies (arrows).

MR imaging was done with a 0.5 T magnet. Sagittal
5-mm-thick spin-echo images were obtained with param-
eters of 520/20/2 (repetition time/echo time/excitations),
axial and coronal 6-mm-thick spin-echo images were ob-
tained at 2500/40-100/1, and coronal 5-mm-thick T1-
dependent inversion-recovery images were obtained at
1500/30/2. None of the examinations required anesthesia;
four patients were sedated.

According to the World Health Organization’s catego-
ries of sight, the diagnosis of blindness was made in cases
of visual acuity of less than 0.05 (7). Visual acuity was
determined by means of Teller’'s Acuity Cards, a behav-
joral test based on a preferential looking technique, which
is applicable even for young and uncooperative children
(8-10).

All the patients received a complete ocular examina-
tion, after which they were divided into two groups, prege-
niculate and postgeniculate, according to the location of
the lesion. Criteria for inclusion in the pregeniculate (an-
terior visual pathway) group were ocular findings that ex-
plained the severe visual loss, such as marked optic nerve
atrophy or an absent or sluggish light reflex. Inclusion
criteria for the postgeniculate (posterior visual pathway)
group were ophthalmologic findings that were normal or
too mild to explain the visual loss; in these cases, the
visual deficit was called cerebral visual impairment (10).

Results

In all the MR examinations considered, a fo-
cal, symmetric T2 prolongation in the precise

Fig 2. Case 3: Blind patient with spastic tetraplegia (resulting from periventricular
leukomalacia) and no ocular lesions. Axial spin-echo T2-weighted, 2500/40 (A) and
2500/100 (B), MR images show a marked reduction in and signal hyperintensity of
periventricular white matter, compensatory enlargement of the trigones, and occipital
atrophy. Arrows indicate signal alteration of the lateral geniculate bodies.

location of the lateral geniculate bodies was de-
tectable. No corresponding signal alteration
was found on T1-dependent images. The focus
of altered signal was always best seen on axial
images, and it was sometimes not recognizable
on coronal images.

Periventricular Leukomalacia

Four patients were born preterm, between 30
and 34 weeks’ gestation (mean, 32 weeks),
with no clinical evidence of major complica-
tions, such as severe asphyxia, hypotension,
cardiorespiratory arrest, or sepsis, and all had
neuroradiologic signs consistent with the diag-
nosis of extensive periventricular leukomalacia
according to criteria established by Flodmark
(11). On MR studies, signal hyperintensity and
reduction in the amount of peritrigonal white
matter where optic radiations run were particu-
larly evident. Cortical atrophy of the calcarine
cortex was observed on all the examinations
(Figs 1 and 2).

One patient (case 1) had bilateral optic nerve
atrophy at the ocular examination. In another
patient (case 3), blindness was due to a severe
retinopathy of prematurity. The other two chil-
dren had no ocular alteration sufficient to ex-
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plain their blindness, and were considered to
have cerebral visual impairment.

Hydrocephalus Associated with Chiari |
Malformation

In one child, the MR examination showed a
Chiari [ malformation with an inferior displace-
ment of the cerebellar tonsils to about 1.5 cm
below the bottom of the foramen magnum. A
bilateral infarction of the occipital lobes was
found in the distribution territory of the posterior
cerebral arteries (Fig 3). At the time of the ex-
amination, the patient had a ventriculoperito-
neal shunt, but from birth until the age of 3
months his severe hydrocephalus was not
shunted. MR findings in the optic nerves and
optic chiasm were normal. Clinical examination
revealed no significant ocular lesions.

Neuroaxonal Dystrophy

In one patient, MR imaging showed a severe
cerebellar atrophy, particularly marked in the
vermis, a prominent hyperintensity of the cerebel-
lar cortex on T2-weighted MR images, and dimin-
ished cerebral matter with enlarged lateral ventri-
cles. No occipital atrophy was found (Fig 4).
Ocular examination revealed important alter-
ations bilaterally, including very pale optic disks
and loss of normal pigmentation of the retina.

Discussion

The lateral geniculate body is a caplike struc-
ture located in the posterior aspect of the thal-
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Fig 3. Case 5: Blind patient with
Chiari | malformation, shunted hydro-
cephalus, and no ocular lesions.

A, Sagittal spin-echo T1-weighted
(520/30) MR image shows that the cer-
ebellar tonsil (black arrow) is enlarged
and extends more than 1 cm below the
bottom of the foramen magnum. Infarcts
of the occipital lobes are also evident
(white arrow).

B, Axial spin-echo T2-weighted
(2500/100) MR image shows extensive
ischemic lesions of the occipital lobes
(arrows).

amus above the lateral recess of the ambient
cistern. It is the main thalamic visual center,
linking the retina and the striate cortex. How-
ever, the function of lateral geniculate body
cells is not only to relay their visual input but
also to serve as a variable gate, determining
what, when, and how much retinal information
gets passed into the visual cortex. Owing to the
size and vascularization of the lateral geniculate
body, its lesions are rarely isolated. Their clini-
cal correlate seems to be sectoranopia; that is, a
homonymous, horizontally oriented, wedge-
shaped visual defect (12). Lateral geniculate
bodies are considered the classic site of trans-
synaptic degeneration. Pathologic examina-
tions have shown retrograde degeneration of
retinal ganglion cells after unilateral removal of
the striate cortex and anterograde degeneration
after enucleation of one eye, with marked neu-
ronal loss in lateral geniculate body cells in both
cases (4).

Neuroradiologic demonstration of the lateral
geniculate body was difficult before the advent
of MR imaging. In 1990, by a correlative ana-
tomic approach with brain specimens obtained
at autopsy, Horton et al (5) mapped the lateral
geniculate bodies, defining the optimal imaging
technique by which to observe their precise lo-
cation (at the edge of the lateral recess of the
ambient cistern) and MR signal intensity char-
acteristics (they resemble gray matter most
closely, although they contain both neurons and
myelinated fibers). MR imaging evidence of an
isolated lesion of the lateral geniculate body
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Fig 4. Case 6: Blind patient with neuroaxonal dystrophy, pallor, and atrophy of both optic disks.

A, Sagittal spin-echo T1-weighted (520/30) MR image shows marked cerebellar atrophy.

B, Coronal spin-echo T2-weighted (2500/100) MR image shows abnormal hyperintensity (arrows) of the cerebellar cortex.
C, Axial spin-echo T2-weighted (2500/100) MR image shows signal alteration of the lateral geniculate bodies (arrows).

was an alteration in signal intensity seen after
head trauma (13). Another MR study showed
that lesions involving the lateral geniculate body
can cause a wallerian degeneration of ipsilateral
optic radiation, visible as an abnormal signal
along its course (14).

It seemed interesting to us to determine
whether the alterations induced by transsynap-
tic degeneration could be made visible by neu-
roimaging. It is well known that the severity of
this phenomenon is inversely proportional to
the age of the subject at the time of injury (4), so
we thought it would be appropriate to search for
this alteration in blind children with objectively
demonstrated deficits in whom the level of the
lesion was known with certainty.

In all six patients studied, a small, symmetric
area of T2 prolongation was evident at the exact
site of the lateral geniculate bodies. Since nor-
mal signal intensity of these structures is the
same as gray matter, this finding was judged to
be indicative of gliosis, as determined by patho-
logic studies.

Four of our six patients had spastic tetraple-
gia resulting from periventricular leukomalacia.
Barkovich et al (15) effectively described tha-
lamic alterations in children who had perinatal
asphyxia. Nevertheless, we are inclined to think
that in our patients the MR signal alterations
found in the lateral geniculate bodies were at-
tributable to a degeneration of their cells rather

than to a direct thalamic involvement by as-
phyxia, since the clinical history of these chil-
dren did not reflect serious complications, such
as a profound hypotensive event of cardiocircu-
latory arrest. Furthermore, asphyxia generates
lesions in the lateral portions of the thalami, not
just in the location of the lateral geniculate bod-
ies, and these lesions are also found in the me-
dial and posterior portions of the lentiform nu-
clei, presumably because these regions at the
moment of injury are in the same active stage of
the process of myelinization, with the same
higher metabolic requirements, as other por-
tions of the brain.

In two of the four children with periventricular
leukomalacia, severe abnormalities of the ret-
ina, including pale optic disks and optic nerve
atrophy, were revealed by ocular examination.
The signal alteration in these cases was judged
to be attributable to anterograde degeneration.
In the other two children, no significant ocular
lesions were found. It is well known that central
visual impairment is common among patients
with cerebral palsy associated with periven-
tricular leukomalacia (10, 16). This disease
characteristically affects the peritrigonal white
matter, where the optic radiations run; in more
severe cases, the amount of white matter is
reduced sufficiently to cause atrophy of the cal-
carine region (17-19). A strong correlation
between such MR alterations and visual impair-
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ment in children with periventricular leukoma-
lacia has been demonstrated (6). The MR signal
alterations seen in the lateral geniculate bodies
in our two children with no ocular lesions can be
attributed, therefore, to retrograde transsynap-
tic degeneration.

In the patient with Chiari | malformation, the
occipital lesions were the result of downward
transtentorial herniation of the parahippocam-
pal gyri, with compression of the posterior ce-
rebral arteries against the tentorial incisura dur-
ing an episode of increased intracranial
pressure caused by hydrocephalus (20, 21).
The ischemic lesion of the occipital cortex pro-
voked a retrograde degeneration of the second
neurons of the visual pathways.

The MR findings in the child with the infantile
form of neuroaxonal dystrophy were congruent
with those previously described (22, 23); spe-
cifically, a hyperintensity of the cerebellar cor-
tex associated with extensive astrogliosis and
neuronal loss. A common finding in the late
stage of neuroaxonal dystrophy is blindness re-
sulting from optic atrophy, as was the case of
the patient we observed. We therefore think
that, in this patient, the alterations found at the
level of the lateral geniculate bodies can be
attributed to anterograde degeneration. Another
explanation could be primary degeneration,
such as was found in one study, in which patho-
logic specimens showed multiple necrotic foci
and foam cells in the thalami (22). This hypoth-
esis, however, appears less likely, because it is
difficult to imagine how this type of degenera-
tion could selectively affect only a portion of the
thalamus, such as the lateral geniculate body.

In our study, the altered lateral geniculate
bodies were best seen on axial scans; however,
Horton et al (5) found that both axial and coro-
nal sections provided good views. We think that
these investigators achieved good coronal
views because they scanned 20° from the stan-
dard coronal plane along the orbitomeatal line
(orbitomeatal + 70°) with 3-mm-thick sections,
which provide the clearest coronal images,
while our retrospective study depended on ex-
aminations obtained with standard scan planes
and 5-mm-thick sections, which are rather in-
adequate parameters for demonstrating ana-
tomic structures of such small dimensions. We
therefore believe that signal alterations of the
lateral geniculate bodies could be shown in a
greater percentage of blind children with the use
of appropriate imaging parameters.
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By means of MR imaging, it is possible to see
not only the location and morphology of the
lateral geniculate bodies but also to ascertain
the presence of pathologic changes within
them; in particular, the anterograde and retro-
grade degeneration of their cells. The accuracy
and precision of MR imaging is beginning to
reach the sensitivity level of anatomicopatho-
logic examinations.

References

1. Adams JH, Corsellis JAW, Duchen LW, eds. Greenfield’s Neuro-
pathology. 5th ed. New York, NY: Wiley; 1984:20-22
2. Haddock JN, Berlin L. Trans-synaptic degeneration in the visual
system. Arch Neurol Psychiatry 1950;64:66-73
3. Van Buren JM. Trans-synaptic retrograde degeneration in the
visual system of primates. J Neurol Neurosurg Psychiatry 1963;
26:402-409
4. Beatty RM, Sadun AA, Smith L, Vonsattel JP, Richardson EP.
Direct demonstration of transsynaptic degeneration in the human
visual system: a comparison of retrograde and anterograde
changes. J Neurol Neurosurg Psychiatry 1982;45:143-146
5. Horton JC, Landau K, Maeder P, Hoyt WF. Magnetic resonance
imaging of the human lateral geniculate body. Arch Neurol 1990;
47:1201-1206
6. Uggetti C, Egitto MG, Fazzi E, et al. Cerebral visual impairment in
periventricular leukomalacia: MR correlation. AJNR Am J Neuro-
radiol 1996;17:979-985
7. World Health Organization. International Classification of Impair-
ments, Disabilities, and Handicaps. World Health Organization.
Geneva, Switzerland: 1980
8. Teller DY, Morse R, Barton R, Regal D. Assessment of visual acuity
in infants and children: the acuity card procedure. Dev Med Child
Neurol 1986;28:779-789
9. Hertz BG, Rosenberg J. Acuity card testing of patients with cere-
bral visual impairment. Dev Med Child Neurol 1988;30:632-637
10. Schenk-Rootlieb AJ, van Nieuwenhuizen O, van der Graaf Y,
Wittebol-Post D, Willemse J. The prevalence of cerebral visual
disturbance in children with cerebral palsy. Dev Med Child Neurol
1992;34:473-480
11. Flodmark O, Roland EH, Hill A, Whitfield MF. Periventricular
leukomalacia: radiological diagnosis. Radiology 1987;162:119-
124
12. Dorwart RH, Linn D, Carter JE. Congruous and incongruous sec-
toral visual field defects with lesions of the lateral geniculate
nucleus. Am J Ophthalmol 1984;98:283-290
13. Borruat FX, Maeder P. Sectoranopia after head trauma: evidence
of lateral geniculate body lesion on MRI. Neurology 1995;45:590-
592
14. Savoiardo M, Pareyson D, Grisoli M, Forester M, D’Incerti L, Fa-
rina L. The effects of wallerian degeneration of the optic radiations
demonstrated by MRI. Neuroradiology 1992;34:323-325
15. Barkovich AJ, Westmark K, Partridge C, Sola A, Ferriero DM.
Perinatal asphyxia: MR findings in the first 10 days. AUNR Am J
Neuroradiol 1995;16:427-438
16. Schenk-Rootlieb AJ, van Nieuwenhuizen O, van Waes PFGM et al.
Cerebral visual impairment in cerebral palsy: relation to structural
abnormalities of the cerebrum. Neuropediatrics 1994;25:68-72
17. Wilson AW, Steiner RE. Periventricular leukomalacia: evaluation



238 UGGETTI

with MR imaging. Radiology 1986;160:507-511

18. Baker LL, Stevenson DK, Enzmann DR. End-stage periventricular
leukomalacia: MR evaluation. Radiology 1988;168:809-815

19. Flodmark O, Lupton B, Li D, et al. MR imaging of periventricular
leukomalacia in childhood. AJNR Am J Neuroradiol 1989;10:
111-118

20. Arroyo Hd, Jan JE, McCormick AQ, Farrell K. Permanent visual
loss after shunt malfunction. Neurology 1985;35:25-29

21.

22.

23.

AJNR: 18, February 1997

Keane JR. Blindness following tentorial herniation. Ann Neurol
1980;8:186-190

Tanabe Y, lai M, Ishii M, et al. The use of magnetic resonance
imaging in diagnosing infantile neuroaxonal dystrophy. Neurol-
ogy 1993;43:110-113

Barlow JK, Simms KB, Kolodny EH. Early cerebellar degenera-
tion in twins with infantile neuroaxonal dystrophy. Ann Neurol
1989;25:413-415



