Non-Invasive Brain Stimulation
Transcranial magnetic stimulation for Alzheimer’s disease
Transcranial magnetic stimulation (TMS) modulates cortical activity non-invasively (4). Repetitive transcranial
magnetic stimulation (rTMS) creates magnetic pulses to the scalp delivered through a coil at a rhythmic
repetition rate. The magnetic pulse causes cortical neurons to depolarize (8). TMS is an important cortical
stimulation method for the adjunctive treatment of neurodegenerative disorders such as Parkinson’s disease
(9). Furthermore, TMS can improve cognitive function in neuropsychiatric disorders (10). RTMS studies
revealed the pivotal role of the prefrontal cortex (PFC) during information encoding and retrieval (11–15).
Furthermore, as neuroimaging studies revealed, heightened activity in the dorsolateral PFC (DLPFC) is one
of the brain abnormalities associated with AD (16, 17). These changes in brain activity in the DLPFC
underpin the recruitment of compensatory networks (18, 19). It would thus make sense to modulate the
PFC’s neural activity to modify memory function, the most prominent feature of disturbed cognition in AD.
There is solid evidence that high-frequency rTMS over the DLPFC is superior to low-frequency rTMS in
treating cognitive dysfunction in AD patients as measured by the mini mental state examination (MMSE)
(20). The first studies using TMS in AD showed that high-frequency rTMS of the DLPFC improves naming
accuracy. Demented patients often display impaired naming ability (21). RTMS improved both action and
object naming in a group of advanced AD patients (22, 23). Auditory verbal comprehension of continuous
daily DLPFC–rTMS over 4  months was increased for up to 2  months after stimulation (24). As the inferior
PFC plays a role in controlling memory (25), stimulating that part of the PFC in AD patients is a reasonable
approach. Indeed, stimulation of the left inferior PFC resulted in enhanced episodic memory function (26).
Alongside the PFC, the parietal cortices are important for information retrieval (27). RTMS of the parietal
cortex advances the associative memory capacity in patients with mild cognitive impairment (MCI) (15). The
combination of cognitive training with rTMS seems to benefit cognitive functions as much as treatment with
cholinesterase inhibitors (28, 29). Moreover, TMS is useful for identifying early AD patients with cholinergic
degeneration (30), and for monitoring the drug response (7). The biomarker of central cholinergic activity
such as short-latency afferent inhibition (SAI) assessed by TMS is relevant to the drug response (31). Other
TMS measures such as long-interval intracortical inhibition (LICI) are also worth considering for measuring
drugs. Patients undergoing monotherapy or combination therapy with acetylcholinesterase inhibitors
demonstrated impaired LICI when compared to healthy controls (7). Remarkably, the LICI values correlated
with Alzheimer’s Disease Assessment Scale–Cognitive Subscale (ADAS–Cog) scores. These findings indicate
that these neurophysiologic TMS parameters help us measure the response to anti-dementia drugs (7).
4. Guerra A, Assenza F, Bressi F, Scrascia F, Del Duca M, Ursini F, et al. Transcranial magnetic stimulation
studies in Alzheimer’s disease. Int J Alzheimers Dis (2011) 2011:263817.10.4061/2011/263817 [PMC free
article] [PubMed] [Cross Ref]
7. Brem AK, Atkinson NJ, Seligson EE, Pascual-Leone A. Differential pharmacological effects on brain
reactivity and plasticity in Alzheimer’s disease. Front Psychiatry (2013) 4:124.10.3389/fpsyt.2013.00124 [PMC
free article] [PubMed] [Cross Ref]
8. Wassermann EM, Epstein C, Ziemann U, Walsh V, Paus T, Lisanby S. Handbook of Transcranial
Stimulation. Oxford: Oxford University Press; (2008).
9. Wu AD, Fregni F, Simon DK, Deblieck C, Pascual-Leone A. Non-invasive brain stimulation for
Parkinson’s disease and dystonia. Neurotherapeutics (2008) 5:345–6110.1016/j.nurt.2008.02.002 [PMC free
article] [PubMed] [Cross Ref]

10. Demirtas-Tatlidede A, Vahabzadeh-Hagh AM, Pascual-Leone A. Can non-invasive brain stimulation
enhance cognition in neuropsychiatric disorders? Neuropharmacology (2013) 64:566–
7810.1016/j.neuropharm.2012.06.020 [PMC free article] [PubMed] [Cross Ref]
11. Sandrini M, Cappa SF, Rossi S, Rossini PM, Miniussi C. The role of prefrontal cortex in verbal episodic
memory: rTMS evidence. J Cogn Neurosci (2003) 15:855–6110.1162/089892903322370771 [PubMed] [Cross
Ref]
12. Rossi S, Pasqualetti P, Zito G, Vecchio F, Cappa SF, Miniussi C, et al. Prefrontal and parietal cortex in
human episodic memory: an interference study by repetitive transcranial magnetic stimulation. Eur J Neurosci
(2006) 23:793–80010.1111/j.1460-9568.2006.04600.x [PubMed] [Cross Ref]
13. Manenti R, Tettamanti M, Cotelli M, Miniussi C, Cappa SF. The neural bases of word encoding and
retrieval: a fMRI-guided transcranial magnetic stimulation study. Brain Topogr (2010) 22:318–
3210.1007/s10548-009-0126-1 [PubMed] [Cross Ref]
14. Manenti R, Cotelli M, Calabria M, Maioli C, Miniussi C. The role of the dorsolateral prefrontal cortex in
retrieval from long-term memory depends on strategies: a repetitive transcranial magnetic stimulation study.
Neuroscience (2010) 166:501–710.1016/j.neuroscience.2009.12.037 [PubMed] [Cross Ref]
15. Cotelli M, Calabria M, Manenti R, Rosini S, Maioli C, Zanetti O, et al. Brain stimulation improves
associative memory in an individual with amnestic mild cognitive impairment. Neurocase (2012) 18:217–
2310.1080/13554794.2011.588176 [PubMed] [Cross Ref]
16. Bai F, Zhang Z, Watson DR, Yu H, Shi Y, Yuan Y, et al. Abnormal functional connectivity of
hippocampus during episodic memory retrieval processing network in amnestic mild cognitive impairment.
Biol Psychiatry (2009) 65:951–810.1016/j.biopsych.2008.10.017 [PubMed] [Cross Ref]
17. Sperling RA, Dickerson BC, Pihlajamaki M, Vannini P, LaViolette PS, Vitolo OV, et al. Functional
alterations in memory networks in early Alzheimer’s disease. Neuromolecular Med (2010) 12:27–
4310.1007/s12017-009-8109-7 [PMC free article] [PubMed] [Cross Ref]
18. Smith GE, Pankratz VS, Negash S, Machulda MM, Petersen RC, Boeve BF, et al. A plateau in preAlzheimer memory decline: evidence for compensatory mechanisms? Neurology (2007) 69:133–
910.1212/01.wnl.0000265594.23511.16 [PubMed] [Cross Ref]
19. Grady CL, McIntosh AR, Beig S, Craik FI. An examination of the effects of stimulus type, encoding task,
and functional connectivity on the role of right prefrontal cortex in recognition memory. Neuroimage (2001)
14:556–7110.1006/nimg.2001.0865 [PubMed] [Cross Ref]
20. Ahmed MA, Darwish ES, Khedr EM, El Serogy YM, Ali AM. Effects of low versus high frequencies of
repetitive transcranial magnetic stimulation on cognitive function and cortical excitability in Alzheimer’s
dementia. J Neurol (2012) 259:83–9210.1007/s00415-011-6128-4 [PubMed] [Cross Ref]
21. Almor A, Aronoff JM, MacDonald MC, Gonnerman LM, Kempler D, Hintiryan H, et al. A common
mechanism in verb and noun naming deficits in Alzheimer’s patients. Brain Lang (2009) 111:8–
1910.1016/j.bandl.2009.07.009 [PMC free article] [PubMed] [Cross Ref]
22. Cotelli M, Manenti R, Cappa SF, Geroldi C, Zanetti O, Rossini PM, et al. Effect of transcranial magnetic
stimulation on action naming in patients with Alzheimer disease. Arch Neurol (2006) 63:1602–
410.1001/archneur.63.11.1602 [PubMed] [Cross Ref]

23. Cotelli M, Manenti R, Cappa SF, Zanetti O, Miniussi C. Transcranial magnetic stimulation improves
naming in Alzheimer disease patients at different stages of cognitive decline. Eur J Neurol (2008) 15:1286–
9210.1111/j.1468-1331.2008.02202.x [PubMed] [Cross Ref]
24. Cotelli M, Calabria M, Manenti R, Rosini S, Zanetti O, Cappa SF, et al. Improved language performance
in Alzheimer disease following brain stimulation. J Neurol Neurosurg Psychiatry (2011) 82:794–
710.1136/jnnp.2009.197848 [PubMed] [Cross Ref]
25. Rizio AA, Dennis NA. The cognitive control of memory: age differences in the neural correlates of
successful remembering and intentional forgetting. PLoS One (2014) 9:e87010.10.1371/journal.pone.0087010
[PMC free article] [PubMed] [Cross Ref]
26. Köhler S, Paus T, Buckner RL, Milner B. Effects of left inferior prefrontal stimulation on episodic
memory formation: a two-stage fMRI-rTMS study. J Cogn Neurosci (2004) 16:178–
8810.1162/089892904322984490 [PubMed] [Cross Ref]
27. Manenti R, Brambilla M, Petesi M, Ferrari C, Cotelli M. Enhancing verbal episodic memory in older and
young subjects after non-invasive brain stimulation. Front Aging Neurosci (2013)
5:49.10.3389/fnagi.2013.00049 [PMC free article] [PubMed] [Cross Ref]
28. Bentwich J, Dobronevsky E, Aichenbaum S, Shorer R, Peretz R, Khaigrekht M, et al. Beneficial effect of
repetitive transcranial magnetic stimulation combined with cognitive training for the treatment of Alzheimer’s
disease: a proof of concept study. J Neural Transm (2011) 118:463–7110.1007/s00702-010-0578-1 [PubMed]
[Cross Ref]
29. Rabey JM, Dobronevsky E, Aichenbaum S, Gonen O, Marton RG, Khaigrekht M. Repetitive transcranial
magnetic stimulation combined with cognitive training is a safe and effective modality for the treatment of
Alzheimer’s disease: a randomized, double-blind study. J Neural Transm (2013) 120:813–910.1007/s00702012-0902-z [PubMed] [Cross Ref]
30. Pennisi G, Ferri R, Lanza G, Cantone M, Pennisi M, Puglisi V, et al. Transcranial magnetic stimulation in
Alzheimer’s disease: a neurophysiological marker of cortical hyperexcitability. J Neural Transm (2011)
118:587–9810.1007/s00702-010-0554-9 [PubMed] [Cross Ref]
31. Di Lazzaro V, Oliviero A, Pilato F, Saturno E, Dileone M, Marra C, et al. Neurophysiological predictors
of long term response to AChE inhibitors in AD patients. J Neurol Neurosurg Psychiatry (2005) 76:1064–
910.1136/jnnp.2004.051334 [PMC free article] [PubMed] [Cross Ref]

