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Outline

Introduction
- Decline in cognitive functions, particularly learning ability, over the lifespan
- Increase in aging-associated diseases like dementia and stroke
- Overview training-adjuvant therapies
- Why use transcranial direct current stimulation in the clinical context?

atDCS in neuropsychiatric disease
- Healthy volunteers, proof-of-principle
- MCI/Alzheimer‘s Disease
- Aphasia

Open questions and outlook



Further reading



Hedden and Gabrieli, Nat Rev Neurosci 2004

Cognitive functions over the lifespan
Seattle Longitudinal Study



Increase in stroke and dementia in aging societies

Pendlebury et al, Maturitas 2010
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Alzheimer‘s dementia and its precursor, 

mild cognitive impairment

�core symptoms: deficits in learning and memory formation

Enhanced learning success by means of adjuvant interventions?

Clinical criteria, MCI

• Memory complaint

• Memory impaired for age

• Normal general cognitive function

• Normal activities of daily living

Clinical criteria, AD

• Memory complaint

• Memory and at least one other 

cognitive domain impaired

• Impaired activities of daily living



Post-stroke aphasia

Training in chronic strage of aphasia?

� at least 9 hours/week needed

for improvement

20 % of surviving stroke patients

� permanent deficits in language function

Pedersen et al, Ann Neurol 2004 Bhogal et al., 2003 Stroke

Enhanced training success by means of adjuvant interventions?



Adjuvant interventions to increase learning ability „neuroplasticity“

in neurological and psychiatric disorders

- Non-invasive brain stimulation
- repetitive transcranial magnetic stimulation (rTMS)
- transcranial direct current stimulation (tDCS)
- …

- Pharmacological neuromodulation
- amphetamine
- levodopa
- donepezil
- memantine
- G-CSF, EPO
- …

- Endogenous learning modulation
- physical activity
- dietary factors
- …



Non-invasive brain stimulation
Transcranial direct current stimulation, tDCS

Wagner et al, Ann Rev Biomed Eng 2007



tDCS
Modulation of resting membrane potential

Nitsche et al, J Physiol 2000courtesy by M. Nitsche, Göttingen

• Release of nerve growth factors and neurotransmitters (Fritsch et al, Neuron 2010)

• Increase in cerebral blood flow and metabolism (Kay and Wright, J NEurophysiol 2013; Floel et al, Neuroimage 2014)



Electrode size

5 x 7cm (active), 
10cm x 10cm (reference)

Constant current

1 mA, 20 min

• Tingling on the scalp, fades after around 10-20 sec 

� high comfort, applicable in parallel to training sessions

• No seizures induced so far

• Small device, may be carried around by patient during training sessions (eg motor training)

• Possible to blind participants and person applying stimulation (Stagg and Nitsche, Neuroscientist 2011)

tDCS in patient studies
Easy Applicability, Safety & Comfort



tDCS in patient studies
Easy Applicability, Safety & Comfort

Gandiga et al, Clin Neurophysio 2006



Learning improvement



atDCS
Learning of a novel vocabulary, single session

Flöel et al, J Cogn Neurosci 2008
see also Fiori et al, J Cogn Neurosci 2010

1 mA tDCS
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learning curve

predicted learning curve after
5 daily atDCS sessions

Does atDCS lead to sustained gains in learning?

Holland and Crinion, Aphasiology 2011



Reis et al, PNAS 2009
for language learning: see Meinzer et al, Cortex 2014

atDCS

atDCSsham

sham

atDCS
Learning of novel motor skills, multiple sessions and sustained effects



Learning enhancement in patients with MCI or dementia?



Protect Brain – Prevent Complications – Restore Function

Boggio et al, JNNP 2009

atDCS in patients with Alzheimer‘s Disease
single-session

2 mA, 30 min (cephalic reference) 

L DLPFC vs L temporal cortex vs sham

Tasks (during stimulation)

- Stroop

- Digit Span

- Visual Recogniton Memory task (VRM)



Protect Brain – Prevent Complications – Restore Function

Boggio et al, Brain Stim 2012

2 mA, 30 min 

(bitemporal; extracephalic reference) 

Tasks (at T0, T1, T2, T3)

- Encoding and Recognition sequences

of VRM

- Visual attention task

- MMSE

- ADAS-COG

15 AD patients

within-subject

atDCS in patients with Alzheimer‘s Disease
multiple sessions and sustained effects



Protect Brain – Prevent Complications – Restore Function

Meinzer et al, submitted
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Meinzer et al, J Vis Exp 2014

atDCS in patients with Mild Cognitive Impairment
semantic word generation, task-related activity (fMRI)



Protect Brain – Prevent Complications – Restore Function

Summary and outlook
atDCS in MCI and AD patients

- First beneficial effects of atDCS on recognition memory and semantic word generation
- Mechanisms? Increased neuronal efficacy: Decrease in BOLD-activity AND increase in 
behavioral scores (Meinzer et al submitted)

- Future studies
Combination of cognitive training with atDCS over several sessions, outcome parameter

closter to IADL (instrumental activities of daily living), follow-up at least 3-6 months



Protect Brain – Prevent Complications – Restore Function

Learning enhancement in patients with post-stroke deficits?



Protect Brain – Prevent Complications – Restore Function

Interhemispheric equilibrium

adapted from Flöel et al, Ann Neurol 2004,
Schlaug et al, Arch Neurol 2008



Protect Brain – Prevent Complications – Restore Function

Interhemispheric dysequilibrium

� dysbalance between hemispheres after unilateral stroke

adapted from Flöel et al, Ann Neurol 2004,
Schlaug et al, Arch Neurol 2008



Protect Brain – Prevent Complications – Restore Function

Interhemispheric dysequilibrium

anodal tDCScathodal tDCS

adapted from Flöel et al, Ann Neurol 2004,
Schlaug et al, Arch Neurol 2008



Protect Brain – Prevent Complications – Restore Function

Interhemispheric dysequilibrium

adapted from Flöel et al, Ann Neurol 2004,
Schlaug et al, Arch Neurol 2008

anodal tDCS?



Protect Brain – Prevent Complications – Restore Function

atDCS in post-stroke aphasia
mild deficits: over lesioned hemisphere



Protect Brain – Prevent Complications – Restore Function

Baker et al, Stroke 2010

20 min, 1mA anodal

Fridriksson et al, Cer Cortex 2010

atDCS in post-stroke aphasia
mild deficits: over lesioned hemisphere



Protect Brain – Prevent Complications – Restore Function

Baker et al, Stroke 2010

atDCS in post-stroke aphasia
mild deficits: over lesioned hemisphere



Protect Brain – Prevent Complications – Restore Function

atDCS in post-stroke aphasia
moderate to severe deficits: over non-lesioned hemisphere



Protect Brain – Prevent Complications – Restore Function

Menke et al, BMC Neurosci 2009

Combined behavioral-fMRI

� Which brain areas have to be re-activated for successful naming
in moderate to severe chronic aphasia?

tDCS

atDCS in post-stroke aphasia
moderate to severe deficits: over non-lesioned hemisphere



Protect Brain – Prevent Complications – Restore Function

Floel et al, Stroke 2011
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atDCS in post-stroke aphasia
moderate to severe deficits: over non-lesioned hemisphere



Protect Brain – Prevent Complications – Restore Function

- Intensive naming training leads to highly significant improvements 
Left-hemispheric atDCS � significant increase in naming ability in mild 

aphasia

Right-hemispheric atDCS � significant increase in naming ability in 

moderate to severe aphasia

- Outcomes measures focused on disability and participation, eg Amsterdam-

Nijmegen Every Day Language Test
- Long-term follow-up (6-12 months)
- Direct comparison of different modes of stimulation

� Multi-center RCT, combining 
- language training (eg, using an intensive training based on 
function -specific and participation-oriented training as used in 
FET2EC-trial (Breitenstein et al, ongoing) or constrained-induced aphasia 
therapy (Pulvermüller et al, Stroke 2001)

- atDCS with pre-defined site for electrodes 

Summary and outlook
post-stroke aphasia



Protect Brain – Prevent Complications – Restore Function

Future directions for tDCS in Clinical Disorders

• Post-stroke deficits, MCI/AD

� Establish clinical relevance of specific tDCS protocols in RCTs in patients using
appropriate outcome measures (not only „function“ but also measures of activities and 

participation)
� long-term follow-up
� define characteristics of „responders“, develop novel protocols for „non-responders“

• Movement disorders, epilepsy, and others

� Optimization of stimulation protocols (intensity, duration, repetition intervals, 
number of stimulation session) in patient populations, using neurophysiology and 

behavioral outcomes in pilot studies
� then move on to RCTs as described above

Thanks for your attention!


