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Abstract 

The cortical silent period (CSP) induced by transcranial magnetic stimulation (TMS) has 

been reported to be prolonged in 2 Creutzfeldt-Jakob disease (CJD) patients who pre-

sented with periodic myoclonus. Herein, we will show a prominent prolongation of TMS-

induced CSP in a patient with CJD who did not have periodic myoclonus. The patient was 

a 66-year-old woman who developed rapidly progressive dementia. No myoclonic jerks 

were observed. Brain magnetic resonance imaging showed high-intensity lesions in the 

cerebral cortex, basal ganglia, and thalamus on diffusion-weighted images. Electroen-

cephalography (EEG) showed diffuse and continuous slow waves, but no periodic synchro-

nous discharges (PSDs). A TMS study revealed that the duration of CSP was prominently 

prolonged: the duration of CSP (370 ms) equaled that of the mean + 6.5 SD of the normal 

value. One month after admission, the patient exhibited akinetic mutism and developed 

periodic myoclonus in her limbs. The clinical course was compatible with CJD. To date, 

CSP has been measured in only 2 CJD patients. The common findings in both cases were 
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marked prolongation of CSP, periodic myoclonus, and PSD on EEG. In short, we demon-

strated that TMS-induced CSP was prominently prolonged even at the early stage of CJD 

without periodic myoclonus or PSD. In other disorders, the CSP has not been reported to 

be comparably prolonged to that of CJD patients. Therefore, we conclude that TMS-in-

duced CSP could be prominently prolonged even in the early stage of CJD. The marked 

prolongation of the CSP might be an early biomarker of CJD. 

 © 2020 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Creutzfeldt-Jakob disease (CJD) is a prion disease caused by the conversion of the normal 
prion protein (normal cellular form of prion protein; PrPC) into an abnormal form of the pro-
tein (scrapie form of prion protein; PrPSc). The deposition of PrPSc in the brain causes degen-
erative encephalopathy with rapidly progressive dementia. To make a diagnosis of CJD, other 
diseases, such as autoimmune encephalopathy, should be differentiated. A few papers re-
ported findings of transcranial magnetic stimulation (TMS) in CJD [1]. The cortical silent pe-
riod (CSP) induced by TMS right after a motor-evoked potential (MEP) has been reported to 
be prolonged in 2 CJD patients who presented with periodic myoclonus [2, 3]. In the present 
article, we will show a prominent prolongation of TMS-induced CSP in a patient with CJD who 
did not have periodic myoclonus. 

Case Report 

The patient was a 66-year-old woman who noticed gait instability and slowness of speech 
2 months prior to admission. Her symptoms deteriorated rapidly, and she developed visual 
hallucinations, difficulty in writing and reading, and insomnia 1 month prior to admission. She 
was unable to walk without support and was admitted to our hospital. She had no remarkable 
past, social, or family histories.  

Neurological examinations revealed cognitive impairment (Mini-Mental State Examina-
tion 20/30), including disorientation, and impairment of memory, calculation, reading, and 
writing. She had nonfluent speech and poor comprehension. In all extremities, hypertonus, 
normal tendon reflexes, and flexor planter responses were noted. No myoclonic jerks were 
observed. Brain magnetic resonance imaging (MRI) showed high-intensity lesions in the cer-
ebral cortex, basal ganglia, and thalamus on diffusion-weighted images and T2-weighted im-
ages (Fig. 1a). Cerebrospinal fluid examinations showed normal cell count, total protein, and 
positive 14-3-3 protein. Electroencephalography (EEG) showed diffuse and continuous slow 
waves such as θ waves and δ waves, but no periodic synchronous discharges (PSDs) (Fig. 1b). 
Surface electromyograms (EMGs) showed irregular positive multifocal myoclonus and irreg-
ular negative myoclonus (Fig. 1c). Neither giant somatosensory-evoked potential, exaggerated 
C-reflex, nor cortical reflex negative myoclonus was elicited by electrical stimulation of the 
median nerve. 

TMS was applied to the primary motor cortex using the same method as that reported 
previously [4]. The following parameters were measured: active motor threshold (AMT), rest-
ing motor threshold (RMT), central motor conduction time (CMCT), and CSP. MEPs were rec-
orded from the first dorsal interosseous muscle (FDI). To measure CSP, stimulus intensity was 
set at RMT 120% or RMT 140%. At each stimulus intensity, CSP was measured 8 times during 
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voluntary contraction. The duration of CSP was measured from the onset of MEP to the end of 
CSP. The average CSP duration from 8 single recordings was used as the representative data 
of CSP duration. All MEP parameters were compared with normal values obtained from 28 
age-matched, normal subjects. 

The AMT was 30% for the right FDI and 30% for the left FDI (normal values: 35.2 ± 6.3% 
[mean ± SD]). The RMT was 36 and 34% for the right and left FDI, respectively (normal values: 
50.6 ± 9.0%). The CMCTs were 7.0 ms for both FDIs (normal values: 7.0 ± 0.4 ms). The duration 
of CSPRMT 120% was 296.4 ms for the right FDI and 282.4 ms for the left FDI (normal values: 
107.1 ± 35.2 ms). The CSPRMT 140% was 365.1 and 382.4 ms for the right and left FDI, respec-
tively (normal values: 134.5 ± 36.1 ms).  

One month after admission, the patient exhibited akinetic mutism and developed periodic 
myoclonus in her limbs. The EEG-EMG polygraph showed periodic positive-negative myoclo-
nus associated with PSDs. Her myoclonus was treated with clonazepam and it was diminished. 
The clinical course was compatible with sporadic CJD. Therefore, no other medicines were 
tried. 

Discussion 

In our case, AMT, RMT, and CMCT were normal, while TMS-induced CSP was prominently 
prolonged. To date, CSP has been measured in only 2 CJD patients [2, 3]. Matsunaga et al. [2] 
(2000) reported marked prolongation of the CSP in a CJD patient presenting with periodic 
negative myoclonus associated with PSD on EEG. Ohnari et al. [3] (2006) also reported marked 
prolongation of the CSP on the affected side in a CJD patient experiencing unilateral periodic 
positive-negative myoclonus associated with PSD. The common findings in both cases were 
marked prolongation of CSP, periodic myoclonus, and PSD on EEG. In our case, however, nei-
ther periodic myoclonus nor PSD was observed at the time of our TMS experiments. In short, 
we demonstrated that TMS-induced CSP was prominently prolonged even at the early stage 
of CJD without periodic myoclonus or PSD. 

The CSP was markedly prolonged in all of the studied CJD patients. In our case, the dura-
tion of CSPRMT 120% (290 ms) equaled that of the mean + 5.2 SD of the normal value, and that of 
CSPRMT 140% (370 ms) equaled that of the mean + 6.5 SD. Matsunaga et al. [2] reported that the 
duration of CSPRMT 110% was prolonged to 301.7 ms (+7.2 SD), and Ohnari et al. [3] reported a 
prolonged CSPRMT 110% of 148 ms (+2.5 SD). In other disorders, the CSP has not been reported 
to be comparably prolonged to that of CJD patients. For example, a slight or mild prolongation 
of the CSP has been reported in patients with stroke (+1.3 SD), multiple system atrophy (+0.9 
SD), progressive supranuclear palsy (+1.9 SD), and depression (+0.8 SD) [1, 5–8]. Moreover, a 
slight or mild shortening of CSP has been reported in patients with amyotrophic lateral scle-
rosis, Alzheimer’s disease, and Parkinson’s disease [1, 5]. Considerable shortening of CSP has 
been demonstrated in patients with corticobasal degeneration (–1.3 SD) [7] and benign adult 
familial myoclonic epilepsy (–1.3 SD) [2]. As described here, the prominent prolongation of 
the CSP might be characteristic of CJD.  

In summary, we conclude that TMS-induced CSP could be prominently prolonged even in 
the early stage of CJD. The marked prolongation of the CSP might be an early biomarker of CJD, 
but further investigations of TMS-induced CSP in a large number of CJD patients would be 
needed before arriving at a definitive conclusion regarding this issue. 
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Fig. 1. Neuroradiological and neurophysiological findings in a CJD patient. a Diffusion-weighted MRI shows 

high-intensity lesions in the cerebral cortex, basal ganglia, and thalamus. b EEG shows diffuse and contin-

uous slow waves, but no PSDs. c Surface EMG shows irregular positive multifocal myoclonus during relax-

ation, and irregular positive multifocal myoclonus and irregular negative myoclonus during bilateral arm 

elevation. Red circle indicates negative myoclonus. FCR, flexor carpi radialis; ECR, extensor carpi radialis. 

d TMS-induced CSP was prominently prolonged. 
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