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Introduction

Exofocal postischemic neuronal death in the substantia nigra 
(SN) is a well-known example of anterograde transsynaptic 
cell death.1-3 Loss of inhibitory γ-aminobutyric acid (GABA)
ergic afferent fibers from the neostriatum causes transsynap-
tic cell degeneration in the SN.

The globus pallidus (GP) is divided into two segments: the 
external segment (GPe) and the internal segment (GPi). The 
GPi and the SN pars reticulata (SNr) have similar functional 
roles, and their differences merely reflect their topographical 
organization.4 Exofocal neuronal death could theoretically 
occur in the GPi after striatal injury, but this has not been re-
ported previously. Herein we report two cases of delayed GPi 
injury after ischemic striatal injury.

Case Report

Case 1
A 70-year-old woman visited the emergency room because 
of decreased mentality. She had been diagnosed with diabe-
tes mellitus, and medication had been initiated 1 month prior 
to the visit. Two days before admission she was unable to re-
cognize her family, and 1 day before admission she experi-
enced drowsiness. On admission she exhibited a stuporous 
mental state. Her blood glucose level and oxygen tension were 
169 mg/dL and 69.1 mm Hg, respectively. Cerebrospinal fluid 
findings were normal. Brain magnetic resonance imaging 
(MRI) was performed on the first day of admission; a diffu-
sion-weighted image disclosed high-intensity signals in the 
caudate nucleus, putamen, and temporooccipital cortex on both 
sides. Follow-up (diffusion-weighted) MRI performed 10 days 
after admission revealed a decreased signal intensity in the cau-
date head and putamen on both sides, but new high-intensity 
signals had developed in the SN and GP on both sides (Fig. 1).
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Case 2
A 40-year-old man visited the emergency room because of 
right-sided weakness. Medical Research Council grade 4 we-
akness was noted on the right side upon neurological examin-

ation. No sensory signs were observed. Diffusion-weighted 
MRI of the brain performed on the second day of admission 
revealed high-intensity signal lesions in the left caudate nu-
cleus and putamen. Although there was no change in the symp-
toms, a follow-up MRI was performed 4 days after admission; 
this disclosed newly developed high-intensity signals in the 
left SN and GP (Fig. 2). The patient’s weakness improved wi-
thout development of any extrapyramidal symptoms.

Discussion

Pallidonigral damage after ischemia has been reported previ-
ously, but such reports are not supported by early MRI find-
ings; therefore, the authors of those reports concluded that the 
pallidonigral damage was the result of the primary ischemic 
injury.5,6 In the cases described herein, both patients underwent 
both early and follow-up MRI, and changes in signal intensity 
in the SN and GP were seen only in later MRI scans. There-
fore, we believe that the GP lesions were delayed changes, 
because the high-intensity signals in the GP and SN were not 
observed during the initial MRI. The timeline of the change in 
signal intensity in the GP was similar to that in the SN, and 
both can be attributed to exofocal postischemic neuronal death.

Exofocal postischemic neuronal death in the SN has been 
studied extensively in rat models; however, these studies have 
not revealed secondary changes to the rat GP, and therefore 
many investigators have inferred that GP damage in humans 
is primary in origin. In nonprimates the GPe is simply referr-
ed to as the GP.4 The nonprimate GPi is not equivalent to the 
primate GPi; it is small and is buried in the fibers of the in-
ternal capsule to form the entopeduncular nucleus. Thus, it is 
not surprising that exofocal neuronal damage cannot be ob-
served in the rat GPi after striatal damage. Furthermore, the 
middle cerebral artery occlusion method was used to induce 
striatal damage in the rat model,1,2 which may have primarily 
damaged the GPi, thereby explaining why exofocal neuronal 
damage was not observed in the GPi.

Degeneration of the ipsilateral SN in humans following 
infarction in the striatum has been reported,3 but those authors 
did not report secondary changes in the GPi. However, all of 
the patients in that study underwent MRI only once, and hence 
the GPi injury might have been considered a primary infarction.

Injection of a GABAergic antagonist into the GPi in mon-
keys causes dyskinesia in the contralateral forelimb.7,8 Simi-
larly, isolated GP lesions cause motor disturbances.9 However, 
no movement symptoms developed in our two cases; in case 
1 we believe that this was due to the patient’s stuporous men-
tality.

The exact mechanism underlying preservation of the GPe is 
unknown. One possible mechanism is that although both the 

A  

B  
Fig. 1. Case 1. A: Diffusion-weighted magnetic resonance imaging 
scan of the brain on day 1, showing high-intensity signals in the 
caudate nucleus, putamen, and temporooccipital cortex on both 
sides of the brain. B: Follow-up diffusion-weighted magnetic reso-
nance imaging scan performed 10 days after admission, showing 
newly developed high-intensity signals in the substantia nigra and 
globus pallidus (arrows).
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Fig. 2. Case 2. A: Diffusion-weighted brain magnetic resonance im-
aging scan performed on day 2 after admission, showing high-in-
tensity signal lesions in the caudate nucleus and putamen. B: Newly 
developed high-intensity signals in the right substantia nigra and 
globus pallidus were observed on a diffusion-weighted magnetic 
resonance imaging image obtained 4 days after admission.
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GPe and GPi receive inhibitory inputs from the striatum, the 
GPi receives inputs from substance-P- and dynorphin-con-
taining neurons (direct pathway), while the GPe receives both 
those direct-pathway neurons together with additional inputs 
from enkephalin-containing neurons (indirect pathway).10

We performed follow-up MRI despite unchanged symptoms 
in our two cases because we predicted that there would be 
changes to the MRI findings. Marked astrocyte swelling de-
veloped on day 4 following injury in rats.1 Thus, in our case 2, 
the follow-up MRI was performed 4 days after the symptom 
onset. In case 1, the follow-up MRI was delayed until 10 days 
after symptom onset because of the general condition of the 
patient. Exofocal anterograde transsynaptic neuronal death in 
the GP was more prominent in case 1. These observations sug-
gest that exofocal neuronal death develops later in humans 
than in rats.

The GPi can be subjected to delayed damage via the mecha-
nism of anterograde transsynaptic cell death. However, it is im-
portant that this is distinguished from recurrent ischemic inju-
ries such as stroke.

Conflicts of Interest
The authors have no financial conflicts of interest.

REFERENCES
1. Zhao F, Kuroiwa T, Miyasaka N, Nagaoka T, Nakane M, Tamura A, 

et al. Ultrastructural and MRI study of the substantia nigra evolving 
exofocal post-ischemic neuronal death in the rat. Neuropathology 
2002;22:91-105.

2. Zhao F, Kuroiwa T, Miyasaka N, Nagaoka T, Nakane M, Tamura A, et 
al. Characteristic changes in T(2)-value, apparent diffusion coefficient, 
and ultrastructure of substantia nigra evolving exofocal postischemic 
neuronal death in rats. Brain Res 2001;895:238-244.

3. Nakane M, Teraoka A, Asato R, Tamura A. Degeneration of the ipsilat-
eral substantia nigra following cerebral infarction in the striatum. St-
roke 1992;23:328-332.

4. Nambu A. Globus pallidus internal segment. Prog Brain Res 2007; 
160:135-150.

5. Kinoshita T, Sugihara S, Matsusue E, Fujii S, Ametani M, Ogawa T. 
Pallidoreticular damage in acute carbon monoxide poisoning: diffu-
sion-weighted MR imaging findings. AJNR Am J Neuroradiol 2005; 
26:1845-1848.

6. Gutierrez LG, Rovira A, Portela LA, Leite Cda C, Lucato LT. CT and 
MR in non-neonatal hypoxic-ischemic encephalopathy: radiological 
findings with pathophysiological correlations. Neuroradiology 2010; 
52:949-976.

7. Kita H, Tachibana Y, Nambu A, Chiken S. Balance of monosynaptic 
excitatory and disynaptic inhibitory responses of the globus pallidus 
induced after stimulation of the subthalamic nucleus in the monkey. J 
Neurosci 2005;25:8611-8619.

8. Tachibana Y, Kita H, Chiken S, Takada M, Nambu A. Motor cortical 
control of internal pallidal activity through glutamatergic and GAB-
Aergic inputs in awake monkeys. Eur J Neurosci 2008;27:238-253.

9. Fève AP, Fénelon G, Wallays C, Rémy P, Guillard A. Axial motor dis-
turbances after hypoxic lesions of the globus pallidus. Mov Disord 
1993;8:321-326.

10. Gerfen CR. Molecular effects of dopamine on striatal-projection path-
ways. Trends Neurosci 2000;23:S64-S70.


