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procedures, which were approved by an institutional re-
view board and performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki4.

During the TMS session, EEG was recorded continu-
ously with 60 Ag/AgCl pellet electrodes connected to a 
TMS-compatible EEG amplifier (eXimia, Nexstim Ltd., 
Helsinki, Finland). The EEG signals were band-pass fil-
tered from 0.1 to 500 Hz and sampled with a 1,450 Hz 
sampling frequency and 16-bit precision. The TMS-EEG 
study comprised four sequential periods: resting EEG 
(t =300 secs, Figure 2A), sham TMS (t =350 secs, Fig-
ure 2B), verum TMS (t =210 secs, Figure 2C) and post-
verum TMS (t =250 secs, Figure 2D). The duration of 
each period varied due to the patient’s uncooperativeness. 

Brain stimulation was performed with a MagPro X100 
stimulator (MagVenture A/S, Farum, Denmark) with the 
following parameters: (i) Location & Stimulation coil: 
Stimulation was applied over the area of the irritative zone. 
Electrical source imaging (ESI) indicated the presence of 
two distinct sources of epileptiform activity (Figure 1B). 
Accordingly, a 114-mm circular coil (MC-125) with the 
rim of the coil overlying the sources of interictal activity 
was employed. (ii) Stimulus Intensity: Stimulation was ap-
plied at 100 % corticomotor threshold (assessed with an 
adaptive threshold technique). (iii) Stimulation frequency 
and number of stimuli: Trains of 350 sham stimuli and 210 
verum stimuli were sequentially applied at 1 Hz.

EEGs were visually analyzed by two electroenceph-
alographers with an intraobserver agreement of >90 % 
for spike and sharp wave detection. EEG analysis was 
performed by comparing spike/sharp wave counts in 
artifact-free epochs of 10 sec duration in the three main 
periods (sham TMS, verum TMS, post-TMS).

Repetitive TMS with the parameters as mentioned 
earlier was well tolerated. The frequency of epileptic dis-
charges (EDs) followed a normal distribution, as shown 
by the Kolmogorov-Smirnov test (p >0.05). During sham 
TMS, spikes and sharp waves had a mean frequency of 
5.89 ± 2.79 per epoch. During verum TMS, mean fre-
quency was reduced to 2.55 ± 2.65 per epoch, whereas 
during the post-verum TMS the ED counts increased 
to baseline levels 4.12 ± 3.34. In Figure 3, the simple 

regression lines of spike counts versus time in the three 
TMS-EEG stages are depicted. The comparison of the 
three regression lines reveals that the differences be-
tween the slopes are not significant (p =0.259) whereas 
the intercepts differ in a statistically significant manner 
(p =0.013). In particular, the intercept in the sham TMS 
has significantly higher value compared to verum TMS 
whereas in the post-verum TMS the intercept increases 
significantly to baseline levels (Table 1). 

Discussion
The present case report has a two-fold objective: to 

describe the clinical, radiological, and neurophysiologi-
cal profile as well as the long-term evolution of a patient 
with the HHE syndrome and, additionally, to explore the 
acute effects of TMS on the continuously present EEG 
epileptiform activity. 

Figure 2: Representative elec-
troencephalography (EEG) ex-
cerpts from the four periods of 
the transcranial magnetic stim-
ulation (TMS)-EEG study: rest-
ing (A), sham TMS (B), verum 
TMS (C), and post-verum TMS 
(D). For clarity of presentation, 
a subset of electrodes (n =17) 
are depicted. Unfiltered signal 
with negativity plotted as an 
upward deflection and no TMS-
artifact replacement.

Table 1: Regression line coefficients of spike counts vs time 
in the three TMS-EEG stages.

Sham TMS Verum TMS Post-verum  
TMS p

Intercept 4.659b 3.647a 5.311b 0.013
Slope 0.004 -0.010 -0.009 0.259
TMS: transcranial magnetic stimulation, EEG: electroencephalography. 

Figure 3: Regression lines of spike/sharp wave counts vs 
time in the three transcranial magnetic stimulation (TMS)- 
electroencephalography (EEG) stages (sham TMS, verum 
TMS, post-verum-TMS).


