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Benign adult familial myoclonus epilepsy (BAFME) is one 
of the diseases causing cortical myoclonus.1 BAFME could 
be a neurodegenerative disease, because the disease pro-
gresses with age and cognitive dysfunction could occur in 
elderly.2 Abnormal intronic expansions caused BAFME, 
and the number of expansions and the seizure onset age 
are inversely related.3 Previous electrophysiological and 
imaging findings have suggested possible abnormalities in 
the cerebellum, sensorimotor cortex, and thalamocortical 
networks in BAFME.4 We report the brain autopsy finding 
of a case deceased at age 93 and was genetically diagnosed 
with BAFME type 1. We performed examinations as part 
of the clinical evaluation after obtaining informed consent.

A 76- year- old right- handed woman was treated in our 
hospital for hand tremors since age 59. Her two children 
had very mild hand tremors (Figure  1A). She also had 

infrequent generalized tonic– clonic seizures since age 62. 
At age 76, she had moderate tremulous myoclonus in both 
upper extremities and a postural tremor predominantly 
in the left hand (Figure 1B). Electrophysiological findings 
suggested cortical hyperexcitability: enlarged P25 ampli-
tudes (median nerve stimulation, Rt: 12.2 μV, Lt: 15.9 μV) in 
somatosensory evoked potentials (SEPs) (Figure 1C). Brain 
MRI at age 76 showed mild diffuse atrophy. Genetic testing 
revealed a 3.4 kb heterozygous expansion of the TTTCA 
and TTTTA repeats in SAMD12; she was consequently di-
agnosed with BAFME type 1. Although antiseizure med-
ications successfully treated her epileptic seizures, the 
tremulous myoclonus continued to progress. At age 84, 
the SEP P25 amplitude decreased (Rt: 9.3 μV, Lt: 9.9 μV). 
In the last several years of her life, she had a prominent 
vocal tremor with a fast frequency and comprehension of 
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her speech was difficult. Throughout the course, she had 
no apparent cerebellar ataxia or cognitive decline. She 
died of aspiration pneumonia at age 93. A general autopsy 
was performed, at which time the brain weighed 982 g. 
Diffuse pyogenic pneumonia was observed in both lungs. 
Histologically, gliosis was unremarkable in the brain, 
where no neuronal loss in the bilateral primary motor cor-
tices (Figure 1D), primary sensory cortices (Figure 1E), or 
Purkinje cells (Figure 1F) was observed. Halo- like amor-
phous materials around the cytoplasm of Purkinje cells, 
seen in homozygous mutation cases,3 were not evident.

This super- elderly5 case was genetically diagnosed as 
heterozygous BAFME type 1, with consistent clinical and 
electrophysiological findings. The autopsy revealed no de-
generative findings at a very old age 93. Although BAFME 
is the second most common disease underlying progressive 
myoclonus epilepsy in Japan,6 to the best of our knowl-
edge, there have been no autopsy reports of cases over 
90 years of age. Previous postmortem pathology of three 
cases from a Dutch family with heterozygous BAFME type 
37,8 and one South African case9 without identified genetic 
abnormalities showed loss, dendrite decrease, and mor-
phological abnormalities (somatic sprout) of Purkinje cells 
in the cerebellum. Mild somatic sprouts of Purkinje cells 
have also been reported in homozygous Japanese BAFME 
type 1, whereas no apparent pathological changes in the 
cerebellum in few cases of heterozygous Japanese BAFME 

type 1.3 Compared with these cases, our case was clinically 
mild in terms of onset age, cerebellar ataxia, and cognitive 
decline (Table S1). The relatively small number of expan-
sions (3.4 kb) might be related to the severity.3 However, 
the myoclonus at age 76 was moderate rather than mild, 
as compared to other Japanese BAFME cases,10 and it is 
unclear whether the case was actually mild, because there 
have been no detailed reports of BAFME over 90 years of 
age. Additionally, this case showed decreased SEP ampli-
tude at age 84, which was interpreted as a decrease of the 
hyperexcitability of the sensorimotor cortex, in contrast to 
the autopsy findings. This may be due to the inability to 
assess interneurons or neuronal networks with the current 
pathological techniques, or the decreased but still giant 
SEP amplitude did not result in pathological degeneration.

The pathological findings of this case suggest that 
heterozygous Japanese BAFME type 1 cases could in-
volve no degenerative changes, even in the super- elderly. 
According to our current pathological analysis, its pheno-
type may be different from homozygous BAFME type 1 
and other types of BAFME. Further studies on genotype– 
phenotype associations and pathological demonstration 
of neurodegeneration are warranted.
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F I G U R E  1  Clinical, electrophysiological, and pathological findings. Pedigree (A). A left- dominant tremor during a spiral drawing (B), 
and giant SEPs to right (upper row) and left (lower row) median nerve stimulation (C), at age 76. In the autopsy, no remarkable gliosis or 
neuronal loss was observed in the bilateral primary motor cortex (D), primary sensory cortex (E), or Purkinje cells (F). Scale bars = 100 mm 
for D, 200 mm for E, and 50 mm for F. GTCS, generalized tonic– clonic seizure; Lt, left; Rt, right; SEP, somatosensory evoked potentials.
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Test yourself

1. Which type of tremor was present in this case?
A. Resting tremor
B. Postural tremor
C. Intention tremor

2. What are the repeated sequences of bases that are abnormally expanded in benign adult familial myoclonus 
epilepsy (BAFME)?
A. CAG
B. ATTCT
C. TTTTA and TTTCA

3. What is the location of the pathological abnormal findings reported in a homozygous BAFME type 1 and 
other types of BAFME?
A. Cerebellum
B. Hippocampus
C. Thalamus

Answers may be found in the supporting information.
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