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12.1  Introduction

Alzheimer’s disease (AD) is one of the most devastating forms of dementia, being 
considered a remarkable problem due to the ageing of the population. It is nowadays 
considered as one of the most serious medical, economic, and social emergencies 
faced by our society, and it is predicted to become even more problematic over the 
next decades. Unfortunately, there are no effective treatments, and patients diag-
nosed with AD face an uncertain future, caused by the current inability to predict the 
course of the disease. The only approved treatment for AD is indeed based on stan-
dard cholinergic and glutamatergic drugs, whose clinical efficacy is overall negli-
gible and debated. Since the 1990s, symptomatic therapies have been available, 
which moderately improve cognition and function. The most frequently prescribed 
treatments for AD are Acetylcholinesterase Inhibitors (AchEIs) and memantine. 
These therapies may provide transient relief from some symptoms (6–12 months in 
most cases), but are unable to reduce the progressive decline of everyday activities, 
communication, and social behavior [1]. In addition, the current treatments are not 
effective for everyone: it is estimated that only approximately 40–70% of the 
patients benefit from current treatments. Based on this, and on the significant limita-
tions of the current treatment options, more effective symptomatic therapies, par-
ticularly in the earlier stages of AD, are needed. Nonetheless, recent clinical trials 
based on new “putative” disease-modifying drugs have failed in reaching their prin-
cipal clinical outcome.
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So far, relatively well-defined criteria have been identified for the diagnosis of 
early AD, based on patients’ clinical presentation and biomarkers’ profile. In par-
ticular, recent consensus was found on the necessity to determine the presence of 
beta-amyloid- and tau-related pathology. Evidence of these abnormalities may be 
identified either by cerebrospinal fluid (CSF) sampling or Positron Emission 
Tomography (PET) imaging, using specific ligands [2]. Nonetheless, the clinical 
course of AD remains largely variable at single subject level. This is mainly due to 
the modest understanding we presently have of AD pathophysiology. Critically, the 
mechanisms determining the severity of AD progression, and those counteracting it, 
are largely unknown, thus preventing any consistent prognostic estimate at the indi-
vidual patient level. Thus, there is a critical demand to explore other paths that may 
expand our knowledge on the pathophysiological changes occurring in AD, espe-
cially in the early phases of the disease, when the first minimal signs appear or 
even before.

In this perspective, I review the emerging contribution of transcranial magnetic 
stimulation (TMS), a noninvasive brain stimulation method that may allow to deter-
mine new key pathophysiological features characterizing the different forms of 
dementia. Moreover, I will consider the application of repetitive sessions of nonin-
vasive brain stimulation such as repetitive TMS (rTMS) as a new promising thera-
peutic strategy to slow down the progression of cognitive decline.

12.2  Synaptic Dysfunction in AD

The aggregation and deposition of amyloid-β (Aβ) and tau proteins are two funda-
mental factors recognized in AD pathogenesis. These pathological processes are 
thought to start many years before the onset of cognitive impairment. However, the 
first signs of cognitive damage appear only when a substantial synaptic loss has 
occurred in vulnerable brain regions [3].

CSF concentrations of beta-amyloid 1–42, total tau (t-tau), and phosphorylated 
tau (p-tau) proteins have been recently put forward as a useful tool for AD diagnosis 
and phenotyping. Notably, AD patients with higher levels of CSF t-tau and p-tau 
have been reported to exhibit a more malignant disease course [4]. Recently, grow-
ing evidence has shown that the accumulation of tau pathology is highly associated 
with functional and structural weakening of AD brains [5]. Moreover, it has been 
established that the gathering of “tangles” correlates with patients’ level of cogni-
tive deterioration, while beta-amyloid requires the presence of tau proteins to 
develop its toxicity. Thus, the progressive neuronal and synaptic loss mirrors the 
cumulative result of different pathologic substrates in AD and, therefore, may pro-
vide the best marker to follow disease progression. However, it has to be taken into 
account that synaptic dysfunction is an initial and noticeable pathological feature of 
AD preceding neuronal loss in numerous brain areas. In basic science studies, ear-
lier investigations have mainly focused on the direct toxic effects of beta-amyloid 
into AD-related synaptic damages. Only recently, an emergent role of tau was estab-
lished [6]. It was shown that tau overexpression is able to induce synaptic 
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degeneration even in the absence of neurofibrillary tangles. This synaptic dysfunc-
tion has been directly associated with the onset of early memory impairments 
observed in patients with AD [7].

Actually, although several AD biomarkers are widely applied and considered 
useful for diagnosis, sufficient accuracy is still lacking in evaluating disease severity 
and predicting disease progression and response to therapy both considering CSF 
and neuroimaging parameters, such as hippocampal atrophy/whole brain volume 
[7]. In particular, the use of a single biomarker provides too limited information to 
define the complex underlying severity of disease across its entire range, from pre-
clinical to clinical phases of AD. Moreover, AD biomarkers assessment is routinely 
performed by means of invasive and/or high-cost procedures, limiting their use in 
clinical practice. Indeed, the evidence provided by brain imaging methods is merely 
correlative. Thus, several efforts are underway to combine multiple biomarkers to 
predict the severity of AD, with the major difficulty in tracking the temporally dif-
ferent evolution of each biomarker throughout the disease course [7].

In recent years, growing evidence has highlighted the notion that loss of synaptic 
density could be an early event antecedent to neuronal degeneration, suggesting that 
the impairment of synaptic plasticity mechanisms should play a key role in the 
pathogenesis of AD [3]. Notably, in various efforts to find semiquantitative correla-
tions between the progressive cognitive impairment and brain pathological altera-
tions, the strongest relationship has been found between the loss of synaptic density 
and the degree of cognitive impairment in AD. Thus, the impairment of synaptic 
transmission due to toxic oligomeric species [8] could predict disease severity more 
precisely than neuronal loss, which is considered a more tardive event. This evi-
dence finds support on experimental studies showing that Aβ peptides and tau pro-
teins can interfere with physiological mechanisms of neuronal synaptic plasticity in 
AD animal models. In particular, it has been demonstrated that these molecules 
influence hippocampal long-term potentiation (LTP) [9], which is related to mem-
ory impairment occurring in AD.

These altered mechanisms have been linked to different alterations occurring at 
different levels of observation, including spine shrinkage, neuronal network disar-
rangement, and cell death [10]. Taken together, this evidence suggests that synaptic 
dysfunction, occurring at different levels of brain activity, could represent a key 
driver of AD-related cognitive decline.

Despite this promising evidence, so far it has not been possible to quantify syn-
aptic functioning (or dysfunction) directly in vivo in AD patients. Different in vivo 
techniques, such as 18F-fluorodeoxyglucose positron emission tomography (FDG- 
PET) [11], functional magnetic resonance imaging (fMRI) [12] and electroencepha-
lography (EEG), have been used in order to provide useful biomarkers for synaptic 
dysfunction and network connectivity in AD progression [13]. However, FDG-PET 
and fMRI techniques provide only an indirect estimate of synaptic dysfunction, 
being limited by a low temporal resolution that does not allow to track synaptic 
activity at the physiological time scale in which neuronal interactions occur (i.e., in 
the range of milliseconds). Indeed, imaging methods infer alterations of synaptic 
activity as a consequence of slow and subtle changes in metabolic parameters, such 
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as blood-oxygen-level-dependent contrast imaging (BOLD) used in fMRI. These 
signals are indeed relative, and not individually quantitative, and observe changes in 
blood oxygenations occurring across several seconds, being very far from real-time 
synaptic activity. Moreover, despite all the advances in imaging of AD in the 
research setting, there is a lack of translation of these methodologies into the clini-
cal practice. Most imaging biomarkers have not been validated in unselected patient 
cohorts and participants in large AD studies are not representative of the general 
population. These techniques require special facilities and expertise to perform and 
interpret. The paucity of standard acquisition and analysis methods between differ-
ent centers makes the widespread adoption of them even more challenging. In addi-
tion, some of the new imaging modalities are still too expensive to be considered 
cost effective in a community setting or in nonspecialized centers.

12.3  TMS to Measure Synaptic Dysfunction in AD

On the other hand, TMS-based methods provide the possibility to evaluate in real 
time the brain electrical activity in the healthy and pathological conditions. It is 
based on the principle that brain stimulation can be induced by generating a brief, 
high-intensity magnetic field by passing a brief electric current through a magnetic 
coil. When a substantial electrical current is induced in a stimulating coil, this is 
able to produce a transient time-variable magnetic field. When a magnetic field of 
this sort and sufficient strength is applied to the brain, it can induce an electrical 
current in the brain producing firing of groups of nerve cells. When stimulation of 
this sort is applied repeatedly, it will progressively change brain activity. The dis-
covery and practical application of these basic techniques has led to the widespread 
use of TMS in neuroscientific and clinical applications [14]. Within this background, 
TMS-based approach may represent a valid tool to overcome the problems limiting 
other imaging techniques to track dysfunction of synaptic activity in incipient 
dementia [15–17].

Depending on the adopted protocol, it is possible to test key physiological aspects 
of synaptic activity at different levels of local and global complexity. TMS allows 
(1) to investigate in detail the properties of local interneural networks that are medi-
ated by specific neurotransmitters [18], (2) to determine the capability of specific 
areas of the brain to form cortical plasticity [19], (3) to assess the ongoing oscilla-
tory activity of a specific area or across broader and more distributed brain networks 
[20] and (4) to establish causal relationships between stimulation and subsequent 
changes in cerebral function and behavioral outcome, by combining measurements 
of network- based neural activity [21].

For instance, paired pulse TMS protocols applied over specific areas of the brain 
(e.g., the primary motor cortex) allow to evaluate in vivo the activity of different 
intracortical circuits such as short intracortical inhibition (SICI), reflecting 
GABAergic neurotransmission, and short afferent inhibition (SAI) probing cholin-
ergic neurotransmission in AD patients [22, 23]. SICI is measured by paired-pulse 
TMS: a subthreshold conditioning stimulus and a suprathreshold test stimulus are 
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applied at short interstimulus intervals of 1–5 ms through the same stimulating coil 
[24]. It has been hypothesized that SICI represents short-lasting inhibitory postsyn-
aptic potentials (IPSPs) in corticospinal neurons through activation of a low- 
threshold cortical inhibitory circuit [24]. SAI refers to a MEP inhibition in a hand 
muscle produced by a conditioning afferent electrical stimulus applied to the median 
or ulnar nerve at the wrist approximately 20 ms prior to focal TMS of the hand area 
of the contralateral motor cortex. AchEIs increasing the availability of acetylcholine 
in the synaptic cleft were observed to normalize the abnormally reduced SAI in 
patients with Alzheimer’s disease [25], while nicotine was found to increase SAI in 
healthy nonsmoking subjects [26]. These data are consistent with the view that SAI 
represents central cholinergic activity controlled by inhibitory circuits separate 
from those underlying SICI.

Depending on their specific frequency and/or patterning, different rTMS proto-
cols result in excitatory or inhibitory after-effects lasting several minutes, which 
have been linked to LTP or to long-term depression (LTD). Repetitive TMS over the 
primary motor area can be used to measure in vivo cortical plasticity mechanisms 
such as LTP, which is considered the main neurophysiological correlate for learning 
and memory [19, 27]. Theta burst stimulation (TBS) is a novel form of rTMS that 
was developed recently to match theta burst patterns of stimulation commonly used 
to induce plasticity in animal brain slices. Intermittent TBS (iTBS) enhances corti-
cal excitability for up to 1 h inducing LTP. These after-effects are thought to reflect 
rTMS influences on the strength of glutamatergic synapses via NMDA receptor, 
AMPA receptor, and calcium channel effects [28]. Long-lasting influences on the 
brain depend on changing synaptic strength or causing anatomical changes such as 
alterations in dendritic spines or sprouting. Since the anatomical changes may well 
be a secondary consequence of prolonged changes of synaptic strength, the basic 
logic of TMS stimulation is to change synaptic strength [29].

The combination of TMS with EEG (TMS-EEG) has provided an emergent 
method to directly probe local and widespread cortical dynamics, through the 
recording of TMS-evoked potentials (TEPs) [30]. TEPs have the great advantage to 
be highly reproducible, demonstrating consistency over time, but also to be 
extremely sensitive to changes in brain state. Moreover, TMS-EEG allows to inves-
tigate brain oscillatory activity within a specific area and between anatomically dis-
tinct brain regions, which is relevant when considering AD as a disconnection 
syndrome. TMS-EEG can indeed verify challenging aspect of the clinical assess-
ment of brain disorders independently from patients’ ability to interact with the 
external environment. Theoretical considerations suggest that efficient brain activ-
ity involves complex patterns that are, at once, distributed among interacting corti-
cal areas (integrated) and differentiated in space and time (information-rich).

rTMS can also be applied to establish causal relationships between stimulation 
and subsequent changes in cerebral function and behavioral outcome, for instance 
by combining fMRI measurements of network-based neural activity. In this sce-
nario, trains of rTMS can be applied over a certain brain area, presumably a key 
node of a certain network and the induced changes in connectivity may be analyzed 
by means of resting-state fMRI. These two complementary tools can be combined 
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to optimally study brain connectivity and manipulate distributed brain networks. 
Important clinical applications include using resting-state fMRI to guide target 
selection for TMS and using TMS to modulate pathological network interactions 
identified with resting-state fMRI. The combination of TMS and resting-state fMRI 
has the potential to accelerate the translation of both techniques into the clinical 
realm and promises a new approach to the diagnosis and treatment of neurological 
and psychiatric diseases that demonstrate network pathology [21].

12.4  TMS-Based Biomarkers in AD

On the basis of this background, we and others recently introduced the notion that 
TMS can be considered a novel tool to shape early features of synaptic dysfunction 
at different levels of complexity in patients with dementia. We recently showed that 
a systematic TMS-based assessment of GABAergic and cholinergic neurotransmis-
sion reliably distinguishes AD patients from those with frontotemporal dementia 
(FTD) and age-matched healthy controls (HC) and, therefore, TMS could represent 
a sensible diagnostic tool for clinical practice. Short-latency afferent inhibition 
(SAI), assessing the function of cholinergic circuits indirectly, has been found to be 
impaired in patients with AD; conversely, short-interval intracortical inhibition 
(SICI) and intracortical facilitation (ICF), markers of γ-aminobutyric acid type A 
(GABAA)ergic and glutamatergic neurotransmission, respectively, have been found 
to be impaired in patients with FTD [23]. These findings stemmed from the evi-
dence that AD is defined by both amyloid deposits and a well-established choliner-
gic deficit, whereas in FTD, abnormalities in glutamatergic and GABAergic 
neurotransmission have been reported. Thus, the assessment of TMS intracortical 
connectivity holds promise to be a useful tool in the differential diagnosis of neuro-
degenerative diseases, being free from strict exclusion criteria, not time consuming, 
and inexpensive. However, its clinical value needs to be further demonstrated, also 
taking into consideration that both conditions may show several overlapping fea-
tures, such as amyloid positivity in FTD, cholinergic deficits in FTD, or glutamater-
gic overexpression in AD [31].

On the other hand, we were among the first to demonstrate that LTP-like cortical 
plasticity is consistently impaired in AD patients, as assessed with iTBS protocol 
applied over the primary motor cortex [27]. The motor cortex is considered a reli-
able model to investigate early changes in cortical plasticity and central cholinergic 
transmission occurring in AD patients who are affected only at later stages of the 
disease, when AD becomes clinically manifest. Cortical plasticity is regarded as the 
principal biological mechanism for learning and memory. In humans, it can be 
assessed by noninvasive rTMS [19], in strict analogy with the hippocampal plastic-
ity assessable in animal models. In the case of AD, synaptic loss is the strongest 
pathophysiological correlate of cognitive decline, indicating that synaptic degenera-
tion has a central role in the development of dementia [32]. Experimental animal 
models showed that accumulation of soluble Aβ oligomers specifically blocks 
mechanisms of cortical plasticity such as hippocampal LTP, which is regarded as an 
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electrophysiological correlate of learning and memory [33]. In contrast, these oligo-
mers have been shown to electrically facilitate evoked LTD [34]. These events can, 
in turn, induce changes in the conformation of tau proteins, leading to further detri-
mental effects on synaptic plasticity and cognition.

Similar mechanisms of cortical plasticity can be investigated in vivo and nonin-
vasively in humans, although the plasticity-induction procedures adopted are not 
completely identical in humans and animals. As discussed earlier, repetitive TMS 
over the primary motor area can be used to measure in vivo cortical plasticity mech-
anisms such as LTP.

In the context of AD, TMS applied over the motor cortex is considered a reliable 
model to investigate early changes in cortical plasticity and central cholinergic 
transmission occurring early in the disease [35].

In general AD patients, as opposed to HCs, are characterized by a weakened 
LTP-like cortical plasticity together with an impairment of SAI, putative biomarker 
of central cholinergic transmission [27]. In a large cohort of newly diagnosed spo-
radic AD patients, it was found that overall AD patients show after iTBS an impair-
ment of LTP-like cortical plasticity, forming a paradoxical LTD in comparison to 
HCs. Moreover, SAI was impaired in AD showing a strong association with the 
individual age of subjects rather than with disease age of onset, while there was no 
association between age of onset and impairment of cortical plasticity. Thus, it was 
argued that cortical LTP disruption is a central mechanism of AD that is indepen-
dent of age of onset [17]. Moreover, LTP-like cortical plasticity impairment is selec-
tively associated with a less efficient verbal memory, but not to other cognitive 
functions, independent from biomarkers and other demographic and clinical factors 
[36]. Remarkably, LTP-like cortical plasticity is the most powerful TMS measure-
ment in identifying AD patients among different neurophysiological parameters 
[37]. Motta et al. used TMS-based parameters to evaluate LTP-like cortical plastic-
ity and cholinergic activity as measured by short afferent inhibition (SAI) in 60 
newly diagnosed patients with AD and 30 HCs. Receiver-operating characteristic 
(ROC) curves were used to assess TMS ability in discriminating patients with AD 
from HCs. It was found that the area under the ROC curve was 0.90 for LTP-like 
cortical plasticity, indicating an excellent accuracy of this parameter in detecting 
AD pathology.

Apart from determining the diagnostic accuracy of TMS, we also showed that 
LTP-like cortical plasticity is able to predict cognitive decline in AD patients. The 
probability of a faster cognitive decline increased with every point decrease of LTP- 
like cortical plasticity, suggesting that the level of cortical plasticity evaluated at 
early stages of the disease is strictly linked to the subsequent clinical worsening in 
these patients. This finding is supported by experimental works showing that synap-
tic loss is the strongest pathophysiological correlate of cognitive decline, pointing to 
synaptic degeneration as a central mechanism in the dementia [37]. Furthermore, 
more impaired LTP-like cortical plasticity was associated with higher t-tau, but not 
1–42 Aβ CSF levels. Aβ peptides exist in several soluble forms (oligomers) that can 
be released in the extracellular space where they may induce direct detrimental 
effects on neuronal transmission. However, consistent with previous findings, Aβ 
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1–42 fragments detected in the CSF of AD patients did not correlate with measures 
of cortical plasticity. In particular, we found that high tau CSF levels were associ-
ated with a paradoxical response toward LTD-like cortical plasticity instead of the 
expected LTP-like cortical. The same patients underwent a faster clinical progres-
sion [16]. These results suggest that more aggressive tau pathology is associated 
with prominent LTD-like mechanisms of cortical plasticity and faster cognitive 
decline. In this complex picture, synaptic dysfunction is likely to be influenced also 
by genetic factors. For instance, there is a strong relationship between Apolipoprotein 
E (APOE) polymorphisms and cortical plasticity, since APOE is known to regulate 
both beta-amyloid clearance/aggregation and tau-related microtubule stabilization, 
being strictly linked with altered mechanisms of synaptic plasticity. In a recent work 
from our group, it was found that the presence of APOE polymorphisms implies 
different mechanisms of CSF tau-related dysfunction in AD patients [38]. Indeed, 
high CSF tau levels are associated with impaired cortical plasticity and more aggres-
sive disease progression only in AD patients carrying APOE4, but not APOE3 geno-
type. In parallel, CSF tau levels influence apoptosis in normal human astrocytes 
when incubated with CSF collected from AD patients with APOE4, but not APOE3 
genotype. Taken together, these findings reveal that CSF tau levels are linked to 
cortical plasticity, cognitive decline, and astrocyte survival only when associated 
with APOE4 genotype [38].

In the field of dementia, TMS-EEG has been scarcely used. So far, in AD patients, 
only a few TMS-EEG studies investigated cortical correlates of cognitive impair-
ment. Although the findings of these studies highlighted an association of cortical 
activity changes with cognitive decline and showed good specificity and sensitivity 
in identifying healthy subjects from those with cognitive impairment, the potential 
of TMS-EEG in tracking longitudinally disease progression was not investigated 
[39]. In the context of AD, we recently showed that innovative combined TMS-EEG 
protocols provide the possibility to directly measure cortical functional activity in 
cognitive-related areas, such as the dorsolateral prefrontal cortex (DLPFC) or the 
posterior parietal cortex (PPC), extending the potential role of TMS-based biomark-
ers in assessing the effects of therapies on cortical activity outside the primary motor 
cortex [40].

The detection of novel TMS-EEG markers of synaptic dysfunction (in terms of 
cortical excitability, connectivity, and oscillation) might contribute to provide addi-
tional predictive biomarkers of response to therapies in AD.

12.5  TMS-Based Therapeutics in AD

To date, the mainstream treatment for AD patients is represented only by choliner-
gic and glutamatergic drugs. However, pharmacological treatments have limited 
efficacy and are accompanied by adverse side effects. For this, it is of great impor-
tance to develop alternative therapeutic approaches. Recently, different forms of 
noninvasive brain stimulation techniques (e.g., TMS) have been applied to patients 
with AD in order to improve cognitive decline and behavioral disorders. In recent 
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years, treatments based on multiple sessions of rTMS have represented a promising 
tool for influencing cognition in people with neurodegenerative diseases. This pro-
cedure is noninvasive and painless, and it does not require the use of anesthesia or 
pharmacological substances. The key principle of rTMS is based not only on regu-
larly “repeated” stimulation of a focal cortical area but also on “accelerated” stimu-
lation with multiple sessions and stimuli, leading to long-lasting modulation of the 
brain plasticity. From a neurobiological perspective, rTMS could induce relevant 
clinical improvement by promoting changes in synaptic plasticity. Synaptic plastic-
ity is the most important biological mechanism accounting for learning and mem-
ory; in particular, LTP is considered as a main neurophysiological correlate of these 
cognitive functions [36]. We recently demonstrated that AD patients showed a dis-
ruption in LTP-like cortical plasticity since the early stages of the disease [37]. In 
this context, high-frequency rTMS could enhance LTP-like cortical plasticity, thus 
resulting in changes both at local and network levels as revealed by TMS-EGG and 
fMRI studies.

Until now, several studies have exclusively explored the effects of intensive treat-
ments, lasting 2 weeks. Recently, safety and efficacy of maintenance with rTMS 
treatment in early AD patients showed a long-term trend with less cognitive decline 
than would be expected [41]. Noninvasive brain stimulation methods have been 
recently proposed as a novel approach to improve cognitive functions in patients 
with dementia, targeting the prefrontal cortex as a key area to be stimulated [42–45]. 
Moreover, novel interesting approaches are considering the possibility to stimulate 
in the same patients more areas such as the right and left DLPFC, Broca and 
Wernicke areas, and the right and left parietal somatosensory association cortex in 
conjunction with active cognitive training targeting these same brain regions [46].

However, since the early stages of AD, prominent neuropathological abnormali-
ties (i.e., β-amyloid plaques and neurofibrillary tangles) involve posterior cortical 
regions of the brain, including the precuneus (PC), the posterior cingulate, the ret-
rosplenial, and lateral PPC. Moreover, there is an initial disruption of medial fronto- 
parietal functional connectivity. Specifically, AD patients show alterations of the 
so-called default mode network (DMN), for which the PC is a key node [47]. 
Interestingly, at early clinical stages of AD, disconnection of the PC precedes (and 
probably contributes to) the occurrence of regional brain atrophy, which becomes 
prominent at later disease stages [48]. This means that the PC is a vulnerable region 
for the transitional stage toward dementia, which may be targeted by tailored inter-
ventions. Indeed, AD patients often show a reduction of PC cortical thickness 
accompanied by an abnormal activation during memory tasks and decreased func-
tional connectivity. This is especially relevant since the activity of the PC is consid-
ered necessary for episodic memory retrieval [49], whose impairment represents the 
clinical onset of typical AD. Thus, the PC represents an ideal target for interventions 
aimed at slowing down and potentially counteracting memory decline in AD 
patients.

This hypothesis finds support in a recent experimental work performed in healthy 
subjects showing that TMS [50] was effective in modulating short- and long-term 
memory functions when applied over the PPC and PC. Following this line of 
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evidence, we recently showed that 20-Hz rTMS was able to increase long-term 
memory performance and to potentiate the cortical activity of the PC. This provides 
novel evidence that noninvasive treatment of network dysfunction, through stimula-
tion of the PC, represents a potentially efficacious strategy to improve cognitive 
dysfunction in AD.  We showed that high-frequency excitatory rTMS improved 
long-term memory in patients with AD, by modulating both local neural activity 
and the connections with parietal, frontal and temporal areas.

However, the effects were only evaluated in a short-term course temporal win-
dow of 2 weeks. Sham-controlled rTMS trials are needed to explore whether rTMS 
may have a clinical impact in modifying the course of AD when applied over clini-
cally relevant periods of 6–12 months.

12.6  Conclusions

TMS is contributing to shape the characteristics of synaptic dysfunction in AD 
patients, helping to increase diagnostic accuracy, and providing relevant clinical 
information in terms of disease progression and response to therapy.

On the other hand, there is a great interest in developing novel rTMS protocols 
that may have the potential to improve cognitive functions in patients with mild 
dementia and eventually slow down cognitive decline, if applied during a long-term 
period of several months.
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