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Status epilepticus (SE) is a medical emergency that, 
despite medical treatment, can evolve to refractory (also 
called super-refractory [≥ 24 h]) status epilepticus (srSE) 
in 29–43% of cases [1]. This condition is associated with 
significant brain damage and mortality in a large percent-
age of patients. The srSE treatment, apart from standard 1st 
and 2nd line antiseizure drugs, can also include anesthetic 
agents, immunotherapy, plasmapheresis, hypothermia, 
ketogenic diet, and neuromodulation techniques either inva-
sive (vagal nerve stimulation or deep brain stimulation) and/
or non-invasive (transcranial magnetic stimulation or elec-
troconvulsive therapy), but the published evidence remains 
insufficient [2–4]. The main advantage of trying neuro-
modulation techniques in patients with srSE is that these 
techniques could be used as adjuvants to standard pharma-
cological treatments without interfering with the potential 
drug benefits and may broaden the clinical decision-making 
time [5].

Transcranial direct electrical current stimulation (tDCS) 
is an emerging non-invasive neuromodulation technique, 
which applies a weak direct current stimulation through the 
scalp to induce linear and non-linear polarized effects at the 
subthreshold level in the neuronal membrane. Especially, 
cathodal stimulation induces hyperpolarization in neuronal 

bodies provoking acute and long-term effects that could be 
potentially relevant in the physiopathology of srSE. For 
example, tDCS could be potentially associated with an acute 
reduction in the excitatory presynaptic input or depression of 
synaptic force mediated by N-methyl-D-aspartate (NMDA) 
receptors, eliciting long-lasting effects including transmem-
brane protein migration and/or anti-inflammatory effects 
[6]. tDCS has been safely tested interictally in patients with 
different focal-onset refractory epilepsy types with good 
(50–70%) results in the reduction of interictal epileptiform 
discharges and seizure frequency. In particular, the acute 
effect of this neuromodulation technique has been noted in 
a small case series of three children with refractory focal 
epilepsy who underwent cathodal tDCS (2 mA, 30 min) 
with simultaneous EEG, showing a mean reduction of 58% 
of seizing events aborting the tonic seizures without any 
complications [7].

In this issue of Neurotherapeutics, Ng et al. [8] present 
the results of using high definition cathodal tDCS in ten 
adults with srSE secondary to several etiologies and diverse 
sedative and non-sedative pharmacological treatments. Dur-
ing this study, a 20-min session (2 mA) alongside a simul-
taneous EEG recording with different number of sessions 
(1–10) was used to evaluate the acute effects. Similar tDCS 
stimulation parameters have been previously described [9]. 
Against the baseline measurements, a reduction of 50% of 
median ictal epileptiform discharges rate, per patient and per 
session, was noted during the cathodal tDCS, and a reduc-
tion of 25% was noted in the period immediately following 
the intervention. Cathodal tDCS was safe and 90% of the 
patients were discharged from intensive care unit (ICU). 
Unfortunately, 70% of the patients in this study died during 
their hospitalization, and a similar number has already been 
previously published [4, 5].

Daniel San-Juan and Ioannis Stavropoulos are co-first authors.

 * Antonio Valentin 
 antonio.valentin@kcl.ac.uk

1 Epilepsy Clinic, National Institute of Neurology 
and Neurosurgery, Mexico City, Mexico

2 Institute of Psychiatry, Psychology and Neuroscience, King’s 
College London, London, UK

3 Department Of Clinical Neurophysiology, King’s College 
Hospital, London, UK

http://orcid.org/0000-0003-0449-5234
http://crossmark.crossref.org/dialog/?doi=10.1007/s13311-022-01329-1&domain=pdf


180 D. San-Juan et al.

1 3

Although the presenting findings are encouraging and 
this non-invasive technique looks promising for clinical use 
in this devastating condition, some issues are still noted 
for the use of neuromodulation in refractory epilepsy to be 
explored in future clinical trials. Firstly, the final morbid-
ity and mortality outcomes in the study were not better 
than the ones described in the literature. As it is observed 
with other neuromodulation techniques [4], tDCS appears 
to facilitate the cessation of ictal activity allowing for dis-
charge from ICU. Knowing the clinical implications from 
remaining in status epilepticus for long periods, someone 
arguably would wonder what the optimal time after srSE 
onset is to attempt a non-invasive neuromodulation tech-
nique, and whether this time period could alter overall out-
come and not only the rate of discharge from ICU. Moreo-
ver, several confounding factors could possibly explain 
why some patients were not responders or worsened during 
the study, and several variables should be considered dur-
ing studies of tDCS in srSE: (a) patients’ characteristics 
(focal or generalized seizures, previous epilepsy or new 
onset srSE, genetic variability, age, sex, special populations 
such as pregnancy); (b) pathological conditions such as 
reversible or irreversible etiologies and influence of phar-
macological interventions; (c) tDCS montages (cephalic or 
non-cephalic, number of electrodes, stimulated lesion vs 
non-lesion regions); and (d) optimal parameters of stimu-
lation (duration of a session, frequency of session, current 
intensity, optimal timing to apply, total number of sessions, 
stimulation focus choice).

Exploring treatment options for srSE has been proven 
difficult for many years. The well planned and performed 
study of Ng et al. [8] can set the basis for further multicenter 
clinical trials to assess the efficacy of tDCS or other neuro-
modulation techniques as potential add-on interventions in 
this life-threatening neurological condition, aiming to reduce 
ICU length of stay and total health outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13311- 022- 01329-1.

Required Author Forms Disclosure forms provided by the authors are 
available with the online version of this article.

Data and Code Availability Data sharing is not applicable to this com-
mentary as no new data were created or analyzed in this study.

Declarations 

Ethical Approval No ethical approval was needed for this commentary.

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Kafle DR, Avinash AJ, Shrestha A. Predictors of outcome in refrac-
tory generalized convulsive status epilepticus. Epilepsia Open. 
2020;5(2):248–54.

 2. Vossler DG, et al. Treatment of refractory convulsive status epilepticus: 
a comprehensive review by the American Epilepsy Society Treat-
ments Committee. Epilepsy Curr. 2020;20(5):245–64.

 3. Ochoa JG, Dougherty M, Papanastassiou A, Gidal B, Mohamed 
I, Vossler DG. Treatment of super-refractory status epilepticus: a 
review. Epilepsy Curr. 2021;21(6):1535759721999670.

 4. Stavropoulos I, Pak HL, Valentin A. Neuromodulation in super-
refractory status epilepticus. J Clin Neurophys. 2021;38(6):494–502.

 5. Rossetti AO, Lowenstein DH. Management of refractory status 
epilepticus in adults: still more questions than answers. Lancet 
Neurol. 2011;10:922–30.

 6. San-Juan D. Cathodal transcranial direct current stimulation in 
refractory epilepsy: a noninvasive neuromodulation therapy. J Clin 
Neurophysiol. 2021;38(6):503–8.

 7. San-Juan D, et al. In-session seizures during transcranial direct 
current stimulation in patients with epilepsy. Brain Stimul. 
2021;14(1):152–3.

 8. Ng MC, El-Alawi H, Toutant D, Choi EH, Wright N, Khanam M, 
Paunovic B, Ko JH. A Pilot Study of High-Definition Transcranial 
Direct Current Stimulation in Refractory Status Epilepticus: The 
SURESTEP Trial. Neurotherapeutics. 2022. https:// doi. org/ 10. 
1007/ s13311- 022- 01317-5

 9. Dyke K, Kim S, Jackson GM, Jackson SR. Intra-subject consist-
ency and reliability of response following 2 mA transcranial direct 
current stimulation. Brain Stimul. 2016;9(6):819–25.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s13311-022-01329-1
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13311-022-01317-5
https://doi.org/10.1007/s13311-022-01317-5

	A New Non-invasive Neuromodulation Technique for Super Refractory Status Epilepticus: Can We Consider tDCS for This Devastating Condition?
	Anchor 2
	Required Author Forms 
	References


