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CASE REPORT
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Abstract 

Background:  Dementia is among the most common chronic noncommunicable neurodegenerative diseases. In the 
long term, it causes disability and loss of autonomy and independence. It is estimated that there are 35.6 million peo‑
ple with Alzheimer’s disease worldwide. Several clinical aspects of this disease have been widely studied, but the main 
focus of study has been memory loss, which is one of the first symptoms. The present study proposes an innovative 
intervention that combines cognitive training and multisite transcranial direct current stimulation, which interferes 
with other clinical aspects of the subject.

Case presentation:  In this study, we present two subjects diagnosed with mild Alzheimer’s disease. Subject 1 is 
an 82-year-old Brazilian Latin American woman with a high school education who was diagnosed with Alzheimer’s 
disease 8 years ago and uses an Exelon patch. Subject 2 is an 88-year-old Brazilian Latin American woman with an 
incomplete primary education who was diagnosed with Alzheimer’s disease 1 year ago and received medical orienta‑
tion to temporarily discontinue medications for Alzheimer’s disease. Both participants were subjected to intermittent 
cognitive training sessions and concomitant transcranial stimulation in three weekly 30-minute sessions in which a 
brain area was stimulated every 10 minutes for a total of 24 sessions, with a 2-month follow-up. Transcranial stimula‑
tion was applied to six different regions of the cortex: the dorsolateral prefrontal cortex bilaterally, the somatosensory 
association cortex bilaterally and Broca’s and Wernicke’s areas. Comparing the results of tests performed before and 
after the treatment period, a 1-point improvement was observed for both subjects on the Word Recall task of the 
Alzheimer Disease Assessment Scale, which evaluates symptoms related to the decline of episodic memory. Improve‑
ment in the executive functions domain was also observed through the results of the Stroop test, Victoria version.

Conclusions:  The results from the two presented cases show that multisite transcranial stimulation associated with 
cognitive training is an effective adjuvant method for the treatment of patients diagnosed with mild Alzheimer’s 
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Background
At present, Brazil has more than 29 million people 
over the age of 60  years; additionally, according to data 
from the Brazilian Institute of Geography and Statistics 
(IBGE), is it believed that almost 2  million people have 
dementia, of which approximately 40–60% of cases are of 
the Alzheimer’s type.

The cognitive decline in Alzheimer’s disease (AD) is 
progressive and is accompanied by several behavioral 
and neuropsychiatric disorders [1]. It is a primary and 
atrophic disease due to diffuse cortical atrophy [2], which 
is characterized by intense synaptic loss and degenera-
tion of the central nervous system, in addition to senile 
plaques and neurofibrillary tangles. Its onset is slow and 
gradual and results in the loss of cognitive skills, affecting 
social relationships and day-to-day activities [3].

AD is classified into three stages of evolution: mild, 
moderate, and severe. According to Santos and Borges 
[4], the mild phase is characterized by decreased execu-
tion of instrumental activities of daily living (IADLs), in 
which the individual presents loss of recent memory, spa-
tial and temporal disorientation, and lack of interest in 
performing activities but can perform daily activities.

The moderate phase is characterized by marked and 
significant memory loss, and individuals require help to 
perform activities of daily living (ADLs) and IADLs. At 
this stage, the individual exhibits language disorders, irri-
tability, and hallucinations [1].

In the severe phase, cognitive impairment is more sig-
nificant, and memory loss is very marked, which prevents 
the performance of IADLs and ADLs [4]. In this phase, 
language changes are evident; the individual starts to 
communicate only by echolalia, has great difficulty rec-
ognizing faces and the environment where he/she lives, 
has difficulty controlling the sphincter and swallowing, 
and requires full assistance from caregivers [1].

Although pharmacological treatment is essential, 
in recent decades, there have been great advances in 
the treatment of AD, and nonpharmacological meth-
ods have been adopted to delay cognitive deficits and 
reduce functional disabilities [5]. Such methods include 
cognitive interventions (CI), physical activities, envi-
ronmental restructuring, nutritional guidance, health 
guidance, psychological support for caregivers and 

family members, and therapeutic activities, such as 
group activities overseen by a multidisciplinary team 
[6].

Cognitive training (COG) associated with transcranial 
direct current stimulation (tDCS) has gained importance 
as an adjuvant treatment in AD [5]. Such training refers 
to practicing a set of standardized tasks to address cog-
nitive functions such as memory, attention, and problem 
solving. Pencil-and-paper tasks, computer tasks, and 
daily activities can be used to train a specific skill, and 
this training can take place individually or in a group set-
ting. In addition to reducing cognitive decline, COG can 
improve specific cognitive functions [7].

TDCS is a low-cost, portable, and safe tool capable of 
modulating cortical activity and inducing neuroplasticity 
mechanisms [8]. Neural activity is modulated using elec-
tricity without acting directly on neurons, which differs 
completely from electroconvulsive therapy [5]. TDCS is 
characterized by a low-intensity continuous electric cur-
rent ranging from 0.5 to 2 mA.

This technique has been used to induce neural plastic-
ity involving neural modulation through electrical cur-
rent to minimize cognitive impairment and reduce the 
functional losses caused by AD [9]. In addition to the use 
of the active current, the device can generate a simulated 
or sham current that remains active for only 20–30 sec-
onds and decreases gradually so that the sensations expe-
rienced by the individual are similar to those that occur 
with active current [10].

In this type of treatment, COG activities associated 
with tDCS are used to retain the ability to concentrate, 
sequence thoughts, maintain attention, and make active 
choices, and the individual is encouraged to use and pre-
serve his/her skills; thus, it is a preventive and mainte-
nance treatment [11].

People with AD have impairment in multiple cognitive 
domains, including episodic memory and executive func-
tions. Kertesz and Mohs [12] define episodic memory as 
memories that store events experienced by the individ-
ual (biographical details). In general, difficulty with free 
recall and recognition is the first indication of a deficit. 
These deficits result in the loss of identity and independ-
ence, in addition to severely affecting social interactions 
with family and friends.

disease. Its effects can benefit patients’ daily routines by reducing cognitive deficits by keeping intact areas active 
and/or compensating for lost functions.

Trial registration NCT02772185. Registered 13 May 2016, http://​www.​clini​caltr​ials.​gov/​ct2/​show/​NCT02​772185. Retro‑
spectively registered.
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Executive functions refer to high-level cognitive pro-
cesses related to setting goals and making appropri-
ate choices in new situations, in addition to regulating 
actions and behaviors [13]. These functions are related 
to the frontal lobe, and individuals with disorders related 
to this area have difficulties planning and performing 
certain tasks and serious problems with controlling and 
regulating behavior [14].

The objective of this study was to verify the efficacy 
of COG associated with tDCS in episodic memory and 
executive functions in two subjects in the mild AD stage.

Case presentation
Case 1
Subject number 1 (S1), Brazilian Latin American woman, 
82 years old, with high school education, was referred to 
the research center through the Associação Brasileira de 
Alzheimer (Brazilian Association of Alzheimer’s Disease; 
ABRAZ). She was diagnosed with AD 8  years ago and 
used an Exelon patch for AD symptoms.

Case 2
Subject number 2 (S2), Brazilian Latin American woman, 
aged 88 years, with an incomplete elementary education, 
was referred to the research center through the Centro 
de Atenção Integral à Saúde (Center for Comprehensive 
Health Care; CAIS). The patient was diagnosed with AD 
1 year ago and received medical orientation to temporar-
ily discontinue medications for AD.

Cognitive stimulation was applied concomitantly with 
neurostimulation, that is, the cognitive activities corre-
sponded to the stimulated brain area. Anodic tDCS was 
applied to six different regions of the cortex: the dorso-
lateral prefrontal cortex bilaterally (F3 and F4), the soma-
tosensory association cortex bilaterally (P3 and P4), and 
Broca’s (F5) and Wernicke’s (CP5) areas; placement was 
determined by the international 10 × 20 system of elec-
troencephalogram (EGG) electrode placement based on 
the most frequent pattern used in studies with tDCS [10]: 
a current of 2 mA was applied for 10 minutes to each area 
three times a week for a total of 24 sessions. The cathode 
was positioned in the supraorbital area.

While the prefrontal cortex was being stimulated dur-
ing tDCS, action- and object-naming activities and spa-
tial memory tasks (shapes, colors, and letters) were 
performed as part of the COG—spatial attention activi-
ties (shapes and letters) were performed for the soma-
tosensory association cortex, syntax and grammar 
activities were performed for Broca’s area, and activities 
for understanding lexical meaning and categorization 
were performed for Wernicke’s area (Table 1).

A descriptive analysis was performed as described in 
Table 2, which shows the scores on the Alzheimer’s Dis-
ease Assessment Scale cognitive subscale (ADAS-Cog), 
the Word Recall task, and the Stroop test, Victoria ver-
sion, before and after treatment.

The comparison of the results of tests performed 
before and after the treatment period showed a 1-point 

Table 1  Weekly stimulation protocol

First week Protocol Stimulated area

First session A Broca’s area (F5), dorsolateral prefrontal cortex (F4), and somatosensory association cortex (P3)

Second session B Wernicke’s area (PC5), dorsolateral prefrontal cortex bilaterally (F3), and somatosensory asso‑
ciation cortex bilaterally (P4)

Third session A Broca’s area (F5), dorsolateral prefrontal cortex (F4), and somatosensory association cortex (P3)

Table 2  Results for both participants before and after treatment

C color, P words, I interference. Scores in seconds (s)

Instrument Subject Before treatment After 
treatmentADAS-Cog

Word recall S1 5 4

S2 5 4

Stroop test, Victoria version C P I C P I

Time (seconds) S1 22 29 44 23 27 31

S2 51 48 115 19 33 44

Errors S1 0 0 2 0 0 1

S2 1 0 2 0 0 2
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improvement on the Word Recall task, a subtest of the 
ADAS-Cog instrument that evaluates the symptoms 
related to the decline of episodic memory, for both 
subjects.

Improvement in the executive function domain was 
also reflected by the subjects’ scores on the Stroop test, 
Victoria version. On the pretest, S1 took 22  seconds to 
complete card “C,” 29  seconds for card “P,” and 44  sec-
onds for card “I,” and made two errors on the “I” card. 
On the posttest, S1 took 23 seconds for card “C,” 27 sec-
onds for card “P,” and 31  seconds for card “I”; however, 
her time increased by 1 second on card “C,” and she made 
one error on card “I.”

On the Stroop test, Victoria version, pretest, S2 took 
51  seconds for card “C,” 48  seconds for card “P,” and 
115  seconds for card “I”; she made one error on card 
“C” and two errors on card “I.” After treatment, S2 took 
19  seconds for card “C,” 33  seconds for card “P,” and 
44 seconds for card “I,” and made two errors on card “I.”

These results indicate that both subjects improved 
equally in the episodic memory domain. In addition, both 
achieved improvements in executive functions because, 
for these instruments, lower scores indicate better per-
formance. However, S2 had a more significant improve-
ment in executive function than S1 did. In any case, the 
results presented here show that the symptoms of decline 
were reduced and the performance of the participants 
was improved with the application of COG concomitant 
with tDCS.

Discussion and conclusions
The scores obtained on the Word Recall task of the 
ADAs-Cog subscale and the Stroop test, Victoria version, 
showed that the intervention had a positive impact on 
the executive functions and episodic memory domains, 
since changes occurred after the treatment period.

The participating subjects, S1 and S2, who underwent 
an intermittent protocol of anodic tDCS combined with 
COG for 2  months, showed positive therapeutic effects 
similar to those of subjects treated with pharmacologi-
cal therapy for many months [8]. This fact corroborates a 
systematic review of studies on the use of cholinesterase 
inhibitors for AD, which found that individuals treated 
with this medication achieved an average improvement 
of 2.7  points in global cognitive function, as evaluated 
with the ADAS-Cog subscale, after 6–12 months of treat-
ment [15].

A case report by Andrade et  al. [8], in which adju-
vant treatment with tDCS was administered to the dor-
solateral prefrontal cortex with a current of 2  mA and 
the cathode located in the supraorbital region, found 
that after ten consecutive 30-minute sessions, a patient 
with AD obtained significant improvements in episodic 

memory. This improvement was verified by a neuropsy-
chological evaluation in which the Word Recall task was 
administered before and after treatment.

S1 and S2 achieved positive results in the episodic 
memory and executive functions domains through the 
application of neurostimulation to the dorsolateral pre-
frontal cortex region. Similar results were found in a 
study conducted by Boggio et  al. [16], who compared 
the efficacy of tDCS with anodic current to the left dor-
solateral prefrontal cortex and the temporal cortex and 
obtained good results regarding declarative memory after 
the treatment period.

Pesente et al. [14] reviewed the literature on the effects 
of neuromodulation with tDCS on executive functions 
in healthy individuals; they found that the anodic cur-
rent, the same current used in our study, was the most 
widely used. In one of their experiments, Pesente et  al. 
[14] found that individuals who received anodic tDCS of 
the right lateral dorsal prefrontal cortex obtained greater 
gains in the performance of complex verbal tasks than 
those treated with the sham current. In the same review, 
Pesente et  al. [14] wrote about a study on the effect 
of anodic and cathodic TDCS on planning abilities at 
6 months and 1 year and found increased performance as 
a result of both types of stimulation.

According to Lopes, Bastos, and Argimon [17], COG is 
related to an increase in abilities in these functional areas, 
which prevents cognitive decline and consequently pro-
motes better quality of life. Studies investigating the use 
of tDCS combined with COG have verified the efficacy of 
the two therapies combined. With the aim of evaluating 
the effects of noninvasive brain stimulation on cognitive 
function in healthy elderly individuals and elderly indi-
viduals with AD, a systematic review and meta-analysis 
of 11 studies with 200 patients by Hsu et al. [18] showed 
that neurostimulation during the execution of tasks had 
better effects than when neurostimulation and tasks were 
performed separately. The results of that study do not 
propose replacing traditional treatment; rather, they sup-
port the combined use of COG stimulation and tDCS as 
complementary and adjuvant treatments in AD to avoid 
the rapid decline caused by the disease and to favor the 
preservation of remaining functional areas for a longer 
time [8].

The two presented cases show that tDCS associated 
with COG is an effective adjuvant method for the treat-
ment of patients diagnosed with mild AD, who can use 
its effects in their daily routines to reduce their cognitive 
deficits, keep intact areas active, and/or compensate for 
lost functions.

Research with large samples and a randomized and 
controlled design will be conducted to better understand 
the benefits of applying this treatment protocol. This will 
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allow us to relate the COG variable to the use of tDCS, 
since our results were obtained through a sample of two 
cases and did not consider neuroimaging methods or 
biomarkers to evaluate cortical and subcortical activity.

Abbreviations
AD: Alzheimer’s disease; IADL: Instrumental activity of daily living; ADL: Activ‑
ity of daily living; CI: Cognitive intervention; COG: Cognitive training; tDCS: 
Transcranial direct current stimulation; mA: Milliampere; S1: Subject 1; ABRAZ: 
Brazilian Association of Alzheimer’s Disease; S2: Subject 2; CAIS: Center for 
Comprehensive Health Care; EGG: Electroencephalogram.

Acknowledgements
Not applicable.

Authors’ contributions
LZM and RGDF are responsible for the design and organization of the data 
in this manuscript, as well as writing; GNSL and JASS participated in the data 
collection of the cognitive intervention; DMCC, BFC, and SMMSA participated 
in the writing and review of the manuscript. All authors read and approved 
the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets during and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
CAAE: 44388015.7.0000.5188, Ethical Committee of Health Science Center of 
Federal University of Paraíba.

Consent for publication
Written informed consent was obtained from the patients for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Occupational Therapy, Universidade Federal da Paraíba, Cam‑
pus I, Cidade Universitária, João Pessoa, PB CEP: 58051‑900, Brazil. 2 Depart‑
ment of Occupational Therapy, Universidade Federal da Paraíba, Campus I, 
Cidade Universitária, João Pessoa, PB CEP: 58051‑900, Brazil. 3 Department 
of Occupational Therapy and PostGraduate Program in Occupational Therapy, 
Universidade Federal de São Carlos, Rod. Washington Luís km 235‑SP‑310, São 
Carlos, SP CEP 13565‑905, Brazil. 4 Postgraduate Program in Cognitive Neu‑
roscience and Behavior, Universidade Federal da Paraíba, Campus I, Cidade 
Universitária, João Pessoa, PB CEP: 58051‑900, Brazil. 

Received: 11 January 2021   Accepted: 18 March 2021

References
	1.	 Machado JC. Doença de Alzheimer. In: Freitas EV, Py L, editors. Tratado de 

Geriatria e Gerontologia. 3rd ed. Rio de Janeiro: Guanabara Koogan; 2013. 
p. 288–318.

	2.	 Falco AD, Cukierman DS, Hauser-Davis RA, Rey NA. Doença De Alzheimer: 
Hipóteses Etiológicas e Perspectivas De Tratamento. Quim Nova. 2016. 
https://​doi.​org/​10.​5935/​0100-​4042.​20150​152.

	3.	 Chaves MLF, Godinho CC, Porto CS, Mansur L, Carthery-Goulart MT, 
Yassuda MS, et al. Cognitive, functional and behavioral assessment: Alz‑
heimer’s disease. Dement Neuropsychol. 2011. https://​doi.​org/​10.​1590/​
S1980-​57642​011DN​05030​003.

	4.	 Santos MD, Borges SM. Perception of functionality in mild and moderate 
stages of Alzheimer’s disease: vision of the patient and their caregiver. 
Rev Bras Geriatr Gerontol. 2015. https://​doi.​org/​10.​1590/​1809-​9823.​2015.​
14154.

	5.	 Andrade SM, Oliveira EA. Treatment of stroke by transcranial direct cur‑
rent stimulation: literature review. Rev Neurociência. 2015. https://​doi.​
org/​10.​4181/​RNC.​2015.​23.​02.​997.​10p.

	6.	 Cunha FCM, Cunha LCM, Silva HM, Couto EAB. Functional approach and 
centered-client pratic in rehabilitation of severe Alzheimer disease’s older 
adult—case report. Rev TerOcup Univ São Paulo. 2011;22(2):145–52.

	7.	 Caixeta L, Teixeira AL. Neuropsicologia geriátrica: Neuropsiquiatria Cogni‑
tiva em Idosos. Porto Alegre: Artmed; 2014.

	8.	 Andrade SM, Mendonça CTPL, Pereira TCL, Fernandez-Calvo B, Araújo 
RCN, Alves NT. Adjuvant transcranial direct current stimulation for 
treating Alzheimer’s disease: a case study. Dement Neuropsychol. 2016. 
https://​doi.​org/​10.​1590/​S1980-​5764-​2016D​N1002​013.

	9.	 Boggio PS, Ferrucci R, Mameli F, Martins D, Martins O, Vergari M, et al. 
Prolonged visual memory enhancement after direct current stimulation 
in Alzheimer’s disease. Brain Stimul. 2012. https://​doi.​org/​10.​1016/j.​brs.​
2011.​06.​006.

	10.	 Fregni F, Boggio P, Brunoni A. Neuromodulação terapêutica: princípios e 
avanços da estimulação cerebral nãoinvasiva em neurologia, reabilitação, 
psiquiatria e neuropsicologia. São Paulo: Sarvier; 2011.

	11	 Loureiro APL, Lima AA, Silva RCG, Najjar ECA. Reabilitação cognitiva em 
idosos institucionalizados: um estudopiloto. Rev Ter Ocup Univ São Paulo. 
2011. https://​doi.​org/​10.​11606/​issn.​2238-​6149.​v22i2​p136-​144.

	12.	 Kertesz A, Mohs RC. Cognition. In: Gauthier S, editor. Clinical diagnosis 
and management of Alzheimer’s disease. 3rd ed. London: Martin Dunitz; 
2001. p. 179–96.

	13.	 Grieve J, Gnanasekaran L. Neuropsicologia para terapeutas ocupacionais: 
cognição no desempenho ocupacional. 3rd ed. São Paulo: Santos; 2010.

	14.	 Pesente L, Oliveira MAF, Benute GRG, Lucia MCS. Effects of transcranial 
electrical stimulation in the performance of executive tasks. Psicol Hosp. 
2015;13(1):91–109.

	15.	 Birks JS. Cholinesterase inhibitors for Alzheimer disease. The Cochrane 
Library; 2006.

	16.	 Boggio PS, Khoury LP, Martins DC, Martins OE, de Macedo EC, Fregni F. 
Temporal cortex direct current stimulation enhances performance on a 
visual recognition memory task in Alzheimer disease. J Neurol Neurosurg 
Psychiatry. 2009. https://​doi.​org/​10.​1136/​jnnp.​2007.​141853.

	17.	 Lopes RMF, Bastos AS, Argimon L. Treino Das Funções Executivas em 
Idosos: Uma Revisão Sistemática da Literatura. Rev Cuadernos Neuropsi‑
col Panam J Neuropsychol. 2017;11(1):11–29.

	18.	 Hsu W, Ku Y, Zanto TP, Gazzaley A. Effects of noninvasive brain stimula‑
tion on cognitive function in healthy aging and Alzheimer’s disease: a 
systematic review and meta-analysis. Neurobiol Aging. 2015. https://​doi.​
org/​10.​1016/j.​neuro​biola​ging.​2015.​04.​016.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.5935/0100-4042.20150152
https://doi.org/10.1590/S1980-57642011DN05030003
https://doi.org/10.1590/S1980-57642011DN05030003
https://doi.org/10.1590/1809-9823.2015.14154
https://doi.org/10.1590/1809-9823.2015.14154
https://doi.org/10.4181/RNC.2015.23.02.997.10p
https://doi.org/10.4181/RNC.2015.23.02.997.10p
https://doi.org/10.1590/S1980-5764-2016DN1002013
https://doi.org/10.1016/j.brs.2011.06.006
https://doi.org/10.1016/j.brs.2011.06.006
https://doi.org/10.11606/issn.2238-6149.v22i2p136-144
https://doi.org/10.1136/jnnp.2007.141853
https://doi.org/10.1016/j.neurobiolaging.2015.04.016
https://doi.org/10.1016/j.neurobiolaging.2015.04.016

	Multisite transcranial direct current stimulation associated with cognitive training in episodic memory and executive functions in individuals with Alzheimer’s disease: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Case 1
	Case 2

	Discussion and conclusions
	Acknowledgements
	References


