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 Introduction 

 Activation of the lateral geniculate nucleus (LGN) by 
visual stimulation has been demonstrated in normal vol-
unteers using functional magnetic resonance imaging 
(fMRI)  [1–5] . The signal-to-noise ratio, the contrast-to-
noise ratio, signal changes in tissue, and contribution of 
capillaries or small vessels to the signal change relative 
to that of large vessels are known to increase with higher 
magnetic fi elds, making the high fi eld scanners prefera-
ble for fMRI studies of small structures such as the 
LGN. 

 Few in vivo studies of LGN activity in humans with 
pathologic conditions exist  [6, 7] . In a previous case re-
port  [6] , we studied a patient with a homonymous hemi-
anopia due to a pregeniculate lesion using a 4-Tesla scan-
ner and fMRI techniques. Following visual stimulation, 
only activation of visual cortex and the LGN contralat-
eral to the lesion was observed. However, asymmetric 
LGN activation may not be specifi c to patients with pre-
geniculate lesions. It is not known whether retrogenicu-
late lesions affect fMRI activity in the LGN. One might 
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  Abstract 
 Functional magnetic resonance imaging (fMRI) can de-
tect lateral geniculate nucleus (LGN) activation. We stud-
ied LGN function in 5 patients with retrogeniculate hom-
onymous hemianopia using fMRI at 4.0 Tesla during 
binocular visual stimulation. Decreased activation of vi-
sual cortex and LGN on the side of the lesion was ob-
served in all 5 patients. These fi ndings suggest that ret-
rogeniculate lesions are associated with decreased 
activation of the LGN, due to retrograde degeneration or 
a functional decrease caused by decreased feedback 
from ipsilateral visual cortex. 
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expect symmetric bilateral LGN activation in such cases, 
since the LGN are situated anterior to the lesion and vi-
sual inputs from the eyes should not be interrupted. How-
ever, retrogeniculate lesions might affect activity of LGN 
in such patients. In this study, we performed fMRI using 
a 4-Tesla scanner in 5 patients with homonymous hemi-
anopia due to retrogeniculate lesions to examine their ef-
fects on LGN activity. We know of no similar in vivo 
study in the literature. 

   Patients and Methods 

 Patients 
 The patients were recruited from a database of patients diag-

nosed as having homonymous hemianopia seen and examined by 
one of us (G.T.L.). Formal visual fi eld testing by kinetic or thresh-
old perimetry confi rmed a complete or almost complete homony-
mous hemianopia in each case. To insure cooperation with the 
fMRI testing, only patients older than 12 years of age were re-
cruited. The patients gave informed consent before participating 
in the fMRI study. None of these patients showed a morphological 
change in the region of LGN by structural MRI. 

   Case 1 
 A 14-year-old boy presented with seizures and subsequently a 

left occipital mass was demonstrated. He had only a mild right in-
ferior quadrant fi eld defect in both eyes. The lesion was totally re-
sected and pathologically was found to be an astrocytoma. He did 
not undergo any subsequent radiation or chemotherapy. Postop-
eratively visual acuity and fundi were normal, but threshold visual 
fi eld testing demonstrated a dense right homonymous hemianopia. 
fMRI was performed 6 months after the surgery. 

   Case 2 
 A 24-year-old woman with a history of a congenital right oc-

cipital cyst was evaluated. In her early teens, she developed seizures 
associated with a gray spot that traveled across her visual fi eld, 
which was followed by gaze deviation. At age 17, she had a right 
occipital-parietal resection for seizure control. She had normal acu-
ity, color vision, pupillary reactivity, a longstanding exodeviation, 
and decreased optokinetic responses to her right. Visual fi eld test-
ing revealed a complete left homonymous hemianopia. The dilated 
funduscopic examination revealed bilateral optic atrophy; tempo-
ral pallor in the right eye and band atrophy in the left eye, consistent 
with trans-synaptic degeneration of the optic nerve. 

   Case 3 
 A 21-year-old woman had a history of a stroke four years previ-

ously associated with a sudden onset of a left-sided headache, fol-
lowed by nausea and vomiting. There was no numbness, weakness, 
language diffi culty, or dysarthria. Two days later, she had a CT scan, 
which revealed a left occipital stroke. The cause for her stroke could 
not be identifi ed. Visual acuity, pupils, ductions, optokinetic re-
sponses, and the funduscopic examination were all normal. She had 
an incomplete right homonymous hemianopia, denser superiorly, 
with macular sparing. 

   Case 4 
 A 58-year-old woman with a past history of hypertension and 

diabetes was in a car accident when she misjudged her left side and 
hit a truck. A visual fi eld test was performed and showed a left 
homonymous hemianopia. She reported that a few years prior to 
this, she had experienced a sudden left facial droop, left fi nger 
numbness, and speech and swallowing diffi culty. An MRI per-
formed at that time revealed right gyral enhancement in the parietal 
region, consistent with infarction. Visual acuity, pupils and duc-
tions were normal. She had background diabetic retinopathy. Gold-
mann visual fi eld testing confi rmed a left homonymous hemi-
anopia, thought to be due to the old right parietal stroke. A neuro-
logical examination showed she had normal strength and sensa-
tion. 

   Case 5 
 A 41-year-old woman had a history of a head injury and an acute 

subdural hematoma, for which she underwent drainage. Subse-
quently she developed a left epidural hematoma, also requiring 
emergent drainage. Her visual acuity was 20/30 in both eyes. The 
pupils were equally reactive without an afferent pupillary defect. 
The optokinetic responses were symmetric. She had a dense right 
homonymous hemianopia with macular splitting. A left posterior 
cerebral artery infarction, thought to be secondary to herniation, 
was found on neuroimaging. fMRI was performed 7 years after the 
head trauma. 

   Methods 
 The scans were obtained with a 4-Tesla Signa scanner (General 

Electric Medical Systems, Wisc., USA) at the Hospital of the Uni-
versity of Pennsylvania with a quadrature head coil. T1-weighted 
axial images (voxel size = 3.75  !  3.75  !  5.0 mm 3 ) were acquired 
covering the whole brain for anatomic images. Functional images 
were obtained using a gradient-echo echo-planar image (EPI) se-
quence (TR = 2,000 ms; TE = 28 ms; matrix size = 40  !  64; fi eld 
of view = 150  !  240 mm 2 ; 21 or 22 slices; slice thickness = 5 mm, 
voxel size = 3.75  !  3.75  !  5.0 mm 3 ). Data for distortion correc-
tion were collected before the acquisition of functional images. The 
fi rst 20 seconds of EPI data (10 scans) were discarded to remove 
the magnetic saturation effects. Light-proof goggles with 6  !  5 
light-emitting diodes (modifi ed S10VSB, Grass Instruments, Quin-
cy, Mass., USA) fl ashing at a frequency of 8 Hz were placed over 
the patients’ eyes to provide binocular visual stimulation. The total 
acquisition period of 120 scans of functional images consisted of 
12 epochs. Ten scans with visual stimulation (epochs 1, 3, 5, 7, 9, 
and 11) of both eyes alternated with 10 scans without visual stimu-
lation (epochs 2, 4, 6, 8, 10 and 12). 

 Data analysis was performed on UNIX workstations with IDL 
(Interactive Data Language) and SPM99 (Wellcome Department 
of Cognitive Neurology, London, UK). The functional images were 
realigned to the fi rst volume. Data were spatially smoothed with a 
Gaussian fi lter (FWHM = 8.0  !  8.0  !  10.0 mm). A delayed box-
car convolved by a hemodynamic response function was used. For 
each patient, the condition with visual stimulation of both eyes was 
contrasted versus the rest condition, and T-statistics were calcu-
lated for each voxel. The activation maps were overlaid on the cor-
responding anatomic images. 
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   Results 

  Table 1  gives a summary of the clinical neuro-ophthal-
mic data and fMRI results. All cases demonstrated asym-
metric activation of the LGN and visual cortex, with 
greater activity contralateral to the lesion ( fi g. 1,   2 ). 

   Case 1 
 Right  visual  cortex  showed strong activation (peak 

 T = 11.26) for the contrast of both eyes stimulation versus 
rest condition ( fi g. 1 ). Only a small area anterior to the 
lesion was activated in the left occipital cortex. The right 
LGN was signifi cantly activated (T = 5.08) but activation 
of the left LGN was not detected. 

   Case 2 
 Activation by the binocular visual stimulation was ob-

served in the left visual cortex ( fi g. 2 ). Peak T value of the 
left visual cortex was 17.42, but activation of the right 
visual cortex was not detected. Similarly, asymmetric ac-
tivation was also found in the LGN. Peak T value of the 
left LGN was 6.41. Although the right LGN appeared to 
be intact on the anatomic images, activation was not ob-
served in the right LGN. 

   Case 3 
 The comparison of both eye stimulation versus rest 

condition revealed bilateral activation of visual cortex 
(peak T = 19.90) but asymmetry of the activation (right 
visual cortex  1  left visual cortex) was evident ( fi g. 2 ). 

There was activation of the right LGN (T = 5.98). Activa-
tion of the left LGN was not detectable at p  !  0.001 but 
could be seen at p  !  0.01 (T = 2.64). 

   Case 4 
 Robust activation of the left visual cortex (peak T = 

18.04) was obtained during the stimulation of both eyes. 
Left LGN activation was not observed at p  !  0.001 level 
but was present at p  !  0.01 level (T = 2.48). Activation of 
right LGN was not detected even at the lower threshold. 

   Case 5 
 Intense activation (peak T-value = 23.88) in the right 

visual cortex was found ( fi g. 2 ). An area of activation of 
left extrastriate cortex, which was presumably activated 
by interhemispheric transcallosal fi bers or secondary vi-
sual pathways, was seen just posterior to the lesion. Acti-
vation of the right LGN (peak T value = 5.08) was found 
but no activation was seen in the left LGN. There was no 
infarction of the thalamus on the structural images. 

   Discussion 

 In a previous study, we examined activation of visual 
cortex and LGN in normal volunteers using a 4-Tesla 
scanner. Bilateral, symmetric activation of visual cortex 
and LGN was obtained in those subjects  [5] . In the pres-
ent study, we were able to map successfully the activity 
of LGN in the intact hemisphere in hemianopic patients, 

Table 1. Summary of clinical and fMRI data (activation of LGN and primary visual cortex (peak T-values) during binocular visual 
stimulation)

Patient Age/
gender

Visual fi eld Optic
atrophy

Cause of visual defi cit
(location)

LGN activation Primary visual cortex
activation

R L R L

1 14/M RHH (complete) no astrocytoma, surgical
resection (occipital)

+ (5.08 *) – ++ (11.26) 8

2 25/F LHH (complete) yes (hemi-
anopic type)

congenital occipital cyst
surgical resection

– – (6.41 *) – ++(17.42)

3 21/F RHH (incomplete) no stroke (occipital) + (5.98 *) + (2.64 **) ++ (19.90) +
4 59/F LHH (complete) no stroke (optic radiation) – + (2.48 **) – ++ (18.04)
5 41/F RHH (complete) no stroke (occipital) + (5.08*) – ++ (23.88) 8

LHH = Left homonymous hemianopia; RHH = right homonymous hemianopia; ++ = large area of activation; + = small-to-moder-
ate-sized area of activation; 8 = little activation; – = no activation.

The numbers in parentheses are peak T values within activated areas. The height threshold was set at p < 0.01 (uncorrected) for the 
LGN activation and at p < 0.001 (uncorrected) for the primary visual cortex activation. For LGN activation; * p < 0.001, ** p < 0.01.
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although the LGN activation was detectable only at a low 
threshold in the oldest patient (patient 4). 

 On the other hand, in all of our subjects, the activity 
of LGN on the affected side was diminished or absent. It 
is generally diffi cult to prove an absence of signifi cant ac-
tivation in fMRI. However, the point in this study is the 
asymmetry of activation and not the complete absence of 
activation. Since signal changes in LGN are relatively 
small (about 1%), it is possible that a subject’s LGN acti-
vation on one hemisphere may be missed. However, in 
our patients the diminished LGN activation was always 
on the affected side, suggesting the asymmetric activation 
was real. Although the amplitude of LGN activation is 
relatively small  [2, 3] , the consistent results imply that the 
activation is likely not due to random noise. 

 Our fi ndings suggest there may be effects of postge-
niculate lesions on LGN activation. In patient 2, we know 
this is likely to be true; she had a congenital occipital cyst 

  Fig. 2.  Results from three other subjects. The location of greatest LGN activation is indicated by intersection of 
crosshairs.   Patient 2. Activation of left visual cortex and LGN were seen. There is a considerable midline shift 
toward the right hemisphere resulting from epilepsy surgery.   Patient 3. Visual cortex and LGN were asymmetri-
cally activated (right  1  left).   Patient 5. Activation of right visual cortex and right LGN were demonstrated. An 
area of activation of left extrastriate cortex, presumably activated by interhemispheric transcallosal fi bers or sec-
ondary visual pathways, was seen just posterior to the lesion. The threshold was set at p  !  0.001 (uncor rected). 

  Fig. 1.  The activation map of patient 1, showing activation of right 
visual cortex and right LGN in axial (top) and coronal (bottom) 
views. The intersection of the orthogonal crosshairs indicates the 
location of the right LGN. There is a small cluster of activation on 
the left hemisphere anterior to the surgical site. The threshold was 
set at p  !  0.001 (uncorrected). 
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and hemianopic optic disc atrophy as evidence of trans-
synaptic degeneration. However, is it possible that in cas-
es 1 and 3–5, who had acquired lesions later in life, de-
creased activation of the LGN could be due to retro-
geniculate lesions? 

 Since most visual fi bers from the LGN project to the 
primary visual cortex, severe damage to the optic radia-
tions will affect axons from the LGN and secondarily re-
sult in degeneration of LGN cell bodies  [8] . This is likely 
the case in subject 4, who had an acquired parietal 
stroke. 

 In the other patients (cases 1, 3 and 5), who had ac-
quired occipital lobe lesions, it is likely that the infarcts 
or tumor affected the distal optic radiations and caused 
retrograde degeneration on that basis. Anatomical im-
ages in children with insults earlier in life and pathologi-
cal studies in adults suggest that this occurs. For instance, 
retrograde degeneration of LGN in children was demon-
strated using MRI  [9] . Two patients with periventricular 
leukomalacia, who had marked visual loss without other 
ocular abnormalities, showed signal alteration of the bi-
lateral LGN. Since periventricular leukomalacia charac-
teristically affects the optic radiations, this fi nding was 

attributed to retrograde degeneration. Brain tissue from 
a 40-year-old patient with a history of a unilateral trau-
matic damage of the occipital lobe and optic radiation at 
age of 30 showed a well-marked zone of retrograde degen-
eration of LGN ipsilateral to the lesion  [10] . The post-
mortem examination of a patient with a history of right 
occipital resection 40 years before death demonstrated 
degenerated axons in the right LGN  [11] . Although our 
fi ndings are not a direct demonstration of LGN degen-
eration, they are consistent with these previous reports 
and can be explained by retrograde degeneration. 

 Alternatively, our fi ndings could be due to a decrease 
in ipsilateral visual cortex activity without producing the 
degeneration of LGN. LGN receives ‘top-down’ cortical 
inputs that modulate LGN processing in the primate  [12] . 
Therefore, the disruption of such backward connection 
may cause decreased LGN activation. If acute retroge-
niculate lesions did affect LGN activation, that would fi t 
more with decreased functional activation rather than 
structural changes. However, since we did not examine a 
patient with an acute lesion in this study, this issue may 
be considered in the future studies.     
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