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Critical review of Koch et al. (2018), ‘Transcranial magnetic stimulation of the precuneus enhances memory and neural activity in prodromal Alzheimer's disease’.
Introduction 
This review critically evaluates Koch et al’s (2018) study - Transcranial magnetic stimulation of the precuneus enhances memory and neural activity in prodromal Alzheimer's disease. Which investigates whether high-frequency repetitive transcranial magnetic stimulation (rTMS) applied to the precuneus can modulate neural activity and improve episodic memory in individuals with early Alzheimer’s disease (AD). Episodic memory decline is a central and early feature of AD (Sharma et al., 2025), and neuroimaging evidence indicates that the precuneus – a core hub of the default mode network (DMN) – is among the earliest regions to exhibit metabolic dysfunction and connectivity breakdown (Fischer et al., 2025). Given the precuneus’ established memory retrieval (Flanagin et al., 2023), Koch et al. (2018) aimed to determine whether targeted neuromodulation of this vulnerable network node could enhance memory performance during the early stages of AD. 
There are currently no effective treatments that meaningfully improve episodic memory in Alzheimer’s disease (Yiannopoulou & Papageorgiou, 2020), and pharmacological approaches targeting specific neurotransmitter systems offer only limited benefits for memory deficits (Hossain & Hussain, 2025). The Global Burden of Disease (2019) study on Dementia estimated that approximately 57 million people were living with Dementia worldwide in 2019, a figure projected to rise to 153 million by 2050 (GBD, 2019; Dementia Forecasting Collaborators, 2022). Alzheimer’s disease, the most common form of Dementia, accounts for approximately 60-70% of cases and is therefore the primary driver of this projected increase (GBD, 2019; Dementia Forecasting Collaborators, 2022).
Growing evidence suggests that early cognitive impairment in AD is driven not only by regional atrophy but also by disconnecting within large-scale brain networks, particularly the DMN (Scherr et al., 2021). The precuneus shows early pathological changes, including amyloid deposition, reduced cortical thickness, and functional disconnection (Ali et al., 2022) making it a compelling target for mechanistic and therapeutic investigation (Millet et al., 2023; Licht et al., 2023). Meta-analytic evidence indicates that rTMS can improve cognitive performance across several domains, including memory-related functions (Licht et al., 2023; Zhang et al., 2025). Furthermore, stimulation of parietal DMN hubs has been shown to enhance memory in healthy adults (Oberlin et al., 2022). Collectively, these findings motivate investigation of the precuneus as a novel and theoretically grounded intervention target in early Alzheimer’s disease (Koch et al., 2022; Millet et al., 2023). 
Hypothesis
The authors did not explicitly state a clear, a priori hypothesis; however, a directional and operationalizable hypothesis can be inferred from the study rationale and methodological design. Specifically, the implied hypothesis was that high-frequency repetitive transcranial magnetic stimulation (rTMS) applied to the precuneus would lead to improvements in episodic memory performance and induce changes in neural activity and functional connectivity within the default mode network (DMN), (Koch et al., 2018;Koch et al., 2022). This represents a directional hypothesis, as it predicts both the direction of behavioural change – namely, important in episodic memory – and specific neural outcomes involving increased activity and connectivity within the DMN. 
In this study, the independent variable (IV) was the stimulation condition, operationalised as active high-frequency fTMS of the precuneus versus sham stimulation (Koch et al., 2018). The primary dependent variable (DV) was episodic memory performance, operationalised as delayed recall performance on the Rey Auditory Verbal Learning Test (RAVLT), a component of the Alzheimer’s Disease Cooperative Study Preclinical Alzheimer Cognitive Composite (Donohue et al., 2014; Koch et al., 2018). Secondary dependent variables included neurophysiological measures of cortical excitability and connectivity, assessed via TMS-evoked potentials and oscillatory activity measured using TMS-EEG (de Goede et al., 2020; Pei et al., 2022; Koch et al., 2018). 
While hypotheses in empirical research should be explicitly operationalised a priori to enable transparent and confirmatory hypothesis testing, the absence of a clearly articulated hypothesis in this study necessitates reliance on inferred predictions (Haucke et al., 2021). This introduces a risk of post hoc interpretation, whereby observed effects may be retrospectively aligned with theoretical frameworks rather than tested against pre-specified predictions (Haucke et al., 2021). Such risk could have been mitigated through the explicit pre-specification of a hypothesis, for example: “High-frequency rTMS of the precuneus will lead to greater improvements in delayed episodic memory performance than sham stimulation in patients with early Alzheimer’s disease, accompanied by increased precuneus-centred DMN connectivity.”
Despite this limitation, the study was well operationalised. The authors clearly defined the stimulation parameters, including the target region (precuneus), stimulation frequency (20Hz), intensity, and treatment duration, alongside clearly specified behavioural and neurophysiological outcome measures (Koch et al., 2018). The use of validated cognitive assessments, including the RAVLT, and objective neural markers derived from TMS-EEG support the reliability and replicability of the findings (Donohue et al., 2014; de Goede et al., 2020). Such methodological specificity enhances internal validity and aligns with principles underpinning the cumulative and self-correcting nature of scientific research (Haucke et al., 2021). 
Study Design
The study employed a double-blind, randomised, sham-controlled crossover design, representing a strong methodological approach for isolating causal effects of rTMS (Johnson & Goebel, 2023; Capili & Anastasi, 2025). Allowing each participant to serve as their own control reduces inter-individual variability and increases sensitivity to detect treatment-related effects, which is particularly advantageous in small, hard-to-recruit clinical populations such as individuals with early Alzheimer’s disease (Capili & Anastasi, 2025). Double blinding further strengthens internal validity by minimising expectancy effects and observer bias, while the inclusion of a washout period between active and sham conditions helps to reduce carryover effects (Capili & Anastasi, 2025). 
Nevertheless, several design-related limitations warrant consideration. Crossover designs assume stability of the underlying condition across study phases; however, Alzheimer’s disease is progressive, and even subtle cognitive changes over time may confound treatment comparisons (Tipton et al., 2017; Schuster et al., 2021). Moreover, rTMS can induce lasting neuroplastic effects, raising the possibility that residual stimulation effects persist beyond the washout period and violate assumptions of treatment independence (Zhang et al., 2025). Although counterbalancing of condition order mitigates order effects, it cannot fully eliminate learning effects associated with repeated cognitive testing or fatigue across sessions (Tipton et al., 2017; Schuster et al., 2021). Additionally, the extended duration and repeated assessments inherent to crossover designs may increase participant burden in cognitively impaired populations (Capili & Anastasi, 2025). 
Several design-related strategies could have mitigated these limitations. Employing a parallel-group randomised controlled design would have reduced vulnerability to period effects and to disease-related changes occurring independently of the intervention (Capili & Anastasi, 2025). If retaining a crossover framework, extending the washout period and incorporating objective neurophysiological criteria to confirm the dissipation of stimulation effects prior to crossover would have strengthened assumptions of treatment independence (de Goede et al., 2020; Capili & Anastasi, 2025). Furthermore, the use of alternate test forms and explicit modelling of order and period effects within statistical analyses would have allowed clearer separation of stimulation-related effects from design-related confounds (Tipton et al., 2017; Schuster et al., 2021). Collectively, these refinements would have enhanced internal validity while retaining the methodological advantages of controlled experimental manipulation. 
Sample
The sampling procedures themselves were rigorous: all participants met biomarker-confirmed diagnostic criteria for early-onset Alzheimer’s disease, supported by cerebrospinal fluid (CSF) profiles, MRI, and extensive neuropsychological assessment (Koch et al., 2018). This enhances internal validity by ensuring a well-defined clinical cohort (Patino & Ferreira, 2018), minimising selection bias and reducing variability attributable to participant heterogeneity (Dubois et al., 2024), thereby strengthening the reliability of the findings (Liu et al., 2025). 
However, this same rigorous screening results in a narrow and highly selective sample, which substantially limits external generalisability (Tipton et al., 2017). Restricting participation to biomarker-confirmed prodromal AD cases reduces clinical heterogeneity but limits the applicability of the findings to broader AD populations, including individuals at later disease stages or those without access to invasive diagnostic procedures (Tipton et al., 2017; Dubois et al., 2024). 
In addition, the sample size of 14 participants is small, although consistent with early transcranial magnetic stimulation studies in AD (Somaa et al., 2022). Small samples are susceptible to inflated effect sizes and low statistical power (Tipton et al., 2017; Schuster et al., 2021), increasing the likelihood of unreliable, exaggerated, or non-replicable findings and limiting the strength of inferences that can be drawn regarding the effects of the rTMS intervention. Recruitment challenges in prodromal AD research, driven by relative rarity of the condition and the requirement for biomarker confirmation via CSF analysis or PET imaging, substantially constrain the pool of eligible participants (Seghezzo et al., 2021; Dubois et al., 2024).
One potential strategy for mitigating low statistical power and effect size inflation is the adoption of a multicentre recruitment approach ((Liu et al., 2025). However, many patients decline perceived invasive procedures, and ethical considerations limit the feasibility of broadening inclusion criteria beyond established diagnostic standards (Dubois et al., 2024). Consequently, single-centre studies are often unable to achieve sufficiently large samples to generate stable effect estimates (Tipton et al., 2017; Schuster et al., 2021). Multicentre collaboration may therefore offer a practical means of increasing sample size and representativeness without compromising diagnostic rigour (Liu et al., 2025). 
Nevertheless, multicentre recruitment introduces additional challenges, including increased methodological heterogeneity, site-related variability in diagnostic and testing procedures, greater logistical and financial demands, and difficulties in ensuring consistent rTMS delivery across centres (Jo, 2020). These factors may reduce internal validity and complicate the interpretation of treatment effects (Jo, 2020; Zhang et al., 2025). Despite this, diagnostic consistency can be maintained through protocol harmonisation, comprehensive staff training, and robust quality-assurance procedures implemented across sites (Gaba & Bhatt 2021). 
Materials
The materials employed in the study were largely appropriate and well-aligned with the research aims. Neuronavigated repetitive transcranial magnetic stimulation (rTMS) was delivered using a figure-of-eight coil targeting the precuneus, guided by individual structural MRI scans (Koch et al., 2018). The use of neuronavigation represents a methodological strength, as it improves targeting precision by accounting for inter-individual variability in skull morphology and scalp-to-cortex distance, thereby enhancing stimulation accuracy and reproducibility (Caulfield et al., 2022). However, while neuronavigation improves spatial precision as the cortical surface, it does not ensure equivalence of induced electric field strength across individuals, nor does it fully account for variability in cortical folding or tissue conductivity, both of which may influence stimulation efficacy (Caulfield et al., 2022). In addition, figure-of-eight coils primarily stimulate superficial cortical tissue and are limited in their ability to directly modulate deeper or medial structures, raising uncertainty about whether observed effects reflect direct precuneus engagement or indirect network propagation (Burle et al., 2015; Tremblay et al., 2019). 
These limitations are important because they constrain the strength of mechanistic inferences that can be drawn from the observed behavioural and neurophysiological effects (Tremblay et al., 2019; Burle et al., 2015). The optimal methodological refinement would therefore be the integration of individual electric-field modelling with source-resolved TMS-EEG, enabling both standardisation of stimulation dose and spatially informed validation of network-level effects, while remaining feasible in early-phase clinical research where multimodal neuroimaging approaches such as fMRI may be impractical (Caulfield et al., 2022; Tremblay et al., 2019). Such an approach would strengthen interpretability, reproducibility, and the translational relevance of rTMS protocols targeting default mode network dysfunction (Zhang et al., 2025). 
Behavioural outcomes
Behavioural outcomes were assessed using standardised cognitive measures, including the Alzheimer’s Disease Cooperative Study Preclinical Alzheimer Cognitive Composite and the Ray Auditory Verbal Learning Test, both of which are sensitive to early cognitive change in Alzheimer’s disease (Donohue et al., 2014). While these instruments are clinically relevant, the Rey Auditory Verbal Learning Test does not isolate episodic memory processes exclusively, as performance is influenced by attentional control, semantic strategies, and executive functioning (Afthinos et al., 2022; Cansonni et al., 2017; Gottlieb et al., 2024). Consequently, improvements on this measure may not reflect selective enhancement of default mode network-dependent episodic memory but instead reflect broader gains in attentional or strategic processing, weakening the specificity of the authors’ claim that rTMS of the precuneus selectively enhanced episodic memory via default mode network modulation (Gottlieb et al., 2024). 
The inclusion of more process-pure episodic memory tasks-such as associative memory paradigms (e.g., face-name or object-location learning) or source memory tasks- would have strengthened construct validity by isolating relational binding mechanisms that underpin episodic recollection and are particularly sensitive to early Alzheimer’s disease (Langbaum et al., 2020; Sharma et al., 2025). Nevertheless, the use of clinically established and widely validated measures enhances comparability with prior Alzheimer’s disease research and supports the translational relevance of the findings (Donohue et al., 2014). 
A further limitation concerns the sensitivity of these measures to detect subtle intervention-related change in prodromal Alzheimer's disease. Standardised memory tests may be insufficiently sensitive when participants perform near the upper or lower limits of the scale, potentially masking genuine treatment effects or exaggerating apparent gains (Tipton et al., 2017; Schuster et al., 2021; Bielak & Anstey,  2019). This complicates interpretation of behavioural improvement and underscores the value of incorporating more sensitive or adaptive episodic memory measures, as well as analysing learning trajectories or change scores, to better capture small but meaningful cognitive effects of neuromodulation (Bielak & Anstay, 2019; Langbaum et al., 2020). Although associative memory tasks are less naturalistic than everyday memory experiences, they provide a more construct-pure assessment of episodic memory by isolating relational binding processes (Sharma et al., 2025), while ecologically valid measures such as the Rivermead Behavioural Memory Test – despite not being episodic-specific – capture everyday memory functioning; combining both would allow future studies to balance mechanistic specificity with real-world relevance (Patino & Ferreira, 2018). 
Stimulation parameters
High-frequency stimulation at 20Hz was selected, a protocol commonly associated with excitatory effects and enhanced synaptic plasticity, and one that has previously been shown to yield cognitive benefits in memory-related neuromodulation studies (Koch et al., 2018; Yao et al., 2023; Zhang et al., 2025). However, the exclusive use of a single stimulation frequency limits interpretation of whether the observed behavioural and neural effects are specific to beta-band modulation or instead reflect more general effects of increased cortical excitability (Zhang et al., 2025). 
This limitation is important because the authors interpret changes in beta-band activity as a key mechanism underlying memory improvement. Without a comparison condition, it remains unclear whether beta oscillations play a causal role in driving these effects or whether similar improvements would emerge with alternative stimulation parameters (Zhang et al., 2025). As a result, while the findings demonstrate that rTMS can influence memory performance, they provide more limited evidence regarding frequency-specific mechanisms (de Goede et al., 2020; Pei et al., 2022). 
The most feasible methodological improvement would have been the inclusion of a single comparison frequency, such as low-frequency stimulation (e.g., 1Hz), which would allow differentiation between frequency-specific effects of 20 Hz stimulation and more general neuromodulatory influences (Zhang et al., 2025; Somaa et al., 2022). Importantly, this modification could be implemented using the same equipment, stimulation site, and outcome measures, without substantially increasing participant burden or study complexity, thereby strengthening mechanistic interpretation while remaining realistic for early-phase clinical research (Capili & Anastasi, 2025). 
Neurophysiological measures
Neurophysiological changes were assessed using combined transcranial magnetic stimulation and electroencephalography (TMS-EEG), a technique that offers excellent temporal resolution and enables direct measurement of stimulation-induced cortical reactivity and oscillatory dynamics (de Goede et al., 2020; Pei et al., 2022). This represents a key methodological strength, as the study’s mechanistic claims centre on frequency-specific neural processes, particularly beta-band modulation and altered network synchronisation within the default mode network. EEG directly captures neural oscillations on the millisecond timescale at which memory-related network communication occurs, making it well suited to addressing the study’s theoretical aims (de Goede et al., 2020; Pei et al., 2022). 
In addition, TMS-EEG enables causal inference by combining targeted neural perturbation with concurrent measurement of neural responses, providing stronger evidence for stimulation-related effects than passive recording methods alone (de Goede et al., 2020). This is particularly advantageous in early-stage Alzheimer’s disease, where feasibility, participant burden, and altered neurovascular coupling can limit the interpretability of haemodynamic measures such as functional MRI (Burle et al., 2015; Tremblay et al., 2019). 
Although functional MRI provides superior spatial localisation and is better suited for mapping whole-brain network engagement and activity within deeper structures such as the hippocampus, it measures haemodynamic responses that indirectly reflect neural activity and lacks sensitivity to fast oscillatory dynamics (Burle et al., 2015; Tremblay et al., 2019). Consequently, while fMRI would offer more precise spatial validation of default mode network involvement, TMS-EEG is better aligned with the present study’s focus on frequency-specific, causal effects of rTMS and represents the most appropriate and feasible neurophysiological technique in this context (de Goede et al., 2020; Pei et al., 2022). 
Nevertheless, TMS-EEG has inherent limitations. EEG provides relatively limited spatial resolution and cannot reliably confirm engagement of deeper memory-related structures (Burle et al., 2015). Moreover, observed oscillatory changes cannot be assumed to be functionally causal for behaviour improvement, as they may reflect secondary or compensatory neural responses to stimulation (de Goede et al., 2020; Zhang et al., 2025). Accordingly, conclusions regarding the causal role of beta-band modulation in memory improvement should remain cautious (Zhang et al., 2025). 
Procedure
Participants completed a structured sequence of stimulation and assessment sessions. Following baseline neuropsychological and neurophysiological assessment, participants underwent a two-week course of neuronavigated repetitive transcranial magnetic stimulation (rTMS) targeting the precuneus. Stimulation was delivered daily across ten sessions scheduled on consecutive weekdays (Koch et al., 2018). Participants were randomly assigned to receive either active rTMS or sham stimulation during the first treatment phase, followed by a washout period before crossover to the alternate condition (Koch et al., 2018; Capili & Anastasi, 2025). 
Neuropsychological testing and TMS-EEG recordings were conducted immediately before and after each stimulation phase, enabling within-subject comparison of behavioural and neural changes (Koch et al., 2018). This repeated-measures approach represents a procedural strength, as it reduces inter-individual variability and increases sensitivity to stimulation-related effects (Capili & Anastasi, 2025). Consistent use of neuronavigation across sessions further enhanced procedural reliability by maintaining stable coil placement over time (Caulfield et al., 2022). 
A further procedural limitation concerns control of participant state across repeated sessions. Cognitive performance and neurophysiological responses may be influenced by factors such as fatigue, sleep quality, medication timing, and time of day, particularly in older clinical populations, and this variability can disproportionately affect small samples (Tipton et al., 2017; Schuster et al., 2021). Although sessions were scheduled consistently, the absence of explicit reporting on state standardisation introduces potential uncontrolled variability that may obscure small treatment effects (Tipton et al., 2017). 
Repeated exposure to stimulation and testing procedures may also influence participant engagement or expectancy. Familiarity with the experimental context could alter task strategies or effort independently of neuromodulatory change (Johnson & Goebel, 2023). While double-binding reduces this risk, it cannot fully eliminate expectancy-related influences in repeated-measures protocols (Johnson & Goebel, 2023). Several procedural refinements could have mitigated these limitations. Standardising session timing more explicity and monitoring participant state variables, such as sleep or fatigue, would reduce non-specific variability (Schuster et al., 2021). The use of alternate cognitive task version across sessions and formal assessment of binding integrity would further minimise practice and expectancy effects (Johnson & Goebel, 2023; Tipton et al., 2017). Additionally, inclusion of delayed follow-up assessments would help distinguish transient stimulation effects from more durable cognitive changes (Zhang et al., 2025). Collectively, these refinements would enhance procedural precision, interpretability, and confidence in the observed outcomes without substantially increasing participant burden (Capili & Anastasi, 2025). 
Results
The results indicate a selective behavioural effect of precuneus-trageted rTMS on episodic memory performance. A significant time x treatment interaction was observed for delayed recall on the Rey Auditory Verbal Learning Test, with improvement following active rTMS but not sham stimulation (Koch et al., 2018). The absence of significant effects on immediate recall, executive function, attention, or global cognition suggests a degree of cognitive specificity, supporting the authors’ claim that stimulation effects were domain-limited rather than global (Koch et al., 2018). 
However, the robustness and clinical relevance of this behavioural effect warrant cautious interpretation. The absolute improvement in delayed recall was modest, and no effect sizes or minimal clinically important differences were reported, limiting assessment of practical significance (Tipton et al., 2017; Schuster et al., 2021). In a small sample, statistically significant findings are particularly vulnerable to effect size inflation and instability (Tipton et al., 2017; Schuster et al., 2021). Moreover, reliance on a single behavioural outcome demonstrating significance increases the risk that the effect reflects task-specific sensitivity rather than broader enhancement of episodic memory (Bielak & Anstay, 2019; Langbaum et al., 2020). 
Neurophysiological findings partially converge with behavioural outcomes, demonstrating increased TMS-evoked cortical activity and enhanced beta-band oscillatory power and synchronisation following active rTMS of the precuneus (Koch et al., 2018; de Goede et al., 2020). The spatial specificity of these effects – absent during sham stimulation and lateral posterior parietal cortex stimulation – strengthens the interpretation that neural changes were stimulation-site dependent rather than attributable to nonspecific arousal or placebo effects (Johnson & Goebel, 2023; Koch et al., 2018). The use of cluster-based permutation statistics further represents a methodological strength, reducing the likelihood of false-positive EEG findings (de Goede et al., 2020). 
Despite this convergence, several inconsistencies limit mechanistic inference. Resting-state EEG analyses revealed no significant changes across frequency bands, suggesting that rTMS effects may be transient and task-evoked rather than reflecting sustained alterations in baseline network dynamics (Koch et al., 2018; de Goede et al., 2020). This dissociation constrains claims regarding durable default mode network reorganisation and instead points toward short-term neural entrainment (Zhang et al., 2025). 
Critically, no significant correlations were observed between behavioural improvement and neurophysiological measures (Koch et al., 2018). Without evidence that individuals exhibiting greater beta-band modulation also demonstrated larger memory gains, it remains unclear whether observed neural changes directly underpin behavioural improvement or reflect parallel, epiphenomenal responses to stimulation (de Goede et al., 2020; Zhang et al., 2025). This absence of brain-behaviour coupling weakens causal claims linking precuneus beta-band modulation to episodic memory enhancement (Zhang et al., 2025).
Finally, the selectivity of statistically significant findings raises concerns regarding multiplicity and outcome dependence. Of the multiple behavioural and neural outcomes assessed, only delayed recall showed a significant behavioural effect. In the absence of clearly specified primary outcomes or correction across behavioural domains, the risk remains that the observed effect reflects chance sensitivity within a single measure rather than robust cognitive enhancement (Tipton et al., 2017; Haucke et al., 2021). Overall, the results provide preliminary evidence that high-frequency rTMS of the precuneus can induce selective memory-related behavioural and neurophysiological changes in early Alzheimer’s disease, but the small sample and limited mechanistic linkage constrain the strength of causal conclusions (Tipton et al., 2017; Zhang et al., 2025). 
Critical evaluation of the authors’ discussion (Koch et al., 2018)
Koch et al., (2018) interpret their findings as evidence that high-frequency rTMS applied to the precuneus can selectively enhance episodic memory and modulate default mode network (DMN) activity in early Alzheimer’s disease. This interpretation is partially supported by a significant time x treatment interaction for delayed recall, with improvement following active rTMS but not sham stimulation (Koch et al., 2018).
However, the strength of this behavioural effect should be interpreted cautiously. The reported improvement corresponded to an average increase of approximately 0.8 recalled items on delayed recall, and no effect sizes were reported. Given the small sample size (n=14), this raises concerns regarding statistical stability and potential effect size inflation (Tipton et al., 2017; Schuster et al., 2021). 
The authors further argue that behavioural improvement were underpinned by neurophysiological changes within precuneus-centred networks. This is supported by TMS-EEG findings showing increased TMS-evoked cortical activity and enhanced beta-band oscillatory power and phase synchronisation following active rTMS, absent under sham and control-site stimulation (Koch et al., 2018; de Goede et al., 2020). Nevertheless, mechanistic inference remains limited because no significant correlations were observed between memory improvements and neurophysiological measures (Koch et al., 2018). Without evidence of brain-behaviour coupling, it remains unclear whether neurophysiological changes mediated behavioural gains or reflected parallel stimulation effects (de Goede et al., 2020; Zhang et al., 2025).
In addition, resting-state EEG showed no significant changes, suggesting effects may be transient or task-locked rather than reflecting sustained DMN reorganisation (Koch et al., 2018; de Goede et al., 2020). Finally, while the authors propose that rTMS may slow cognitive decline, the design does not permit such inference given the short duration and lack of follow-up (Zhang et al., 2025). The results are best interpreted as proof-of-concept evidence rather than therapeutic efficacy.
Overall conclusion and future directions
Koch et al. (2018) present a methodologically rigorous and theoretically motivated investigation into high-frequency rTMS targeting the precuneus to modulate episodic memory and DMN activity in early Alzheimer’s disease. By integrating a double-blind, randomised, sham-controlled crossover design with neuronavigation and combined behavioural/neurophysiological assessment, the study provides proof-of-concept evidence that the precuneus is a viable target for network-based neuromodulation (Koch et al., 2018; Millet et al., 2023).
The study partially achieves its aims: delayed episodic memory improved selectively after active rTMS, and TMS-EEG showed increased evoked activity and beta-band synchronisation (Koch et al., 2018; de Goede et al., 2020). However, the behavioural effect was modest, short-term, and not accompanied by effect sizes or clinical significance estimates, while absent brain-behaviour coupling and null resting-state changes constrain mechanistic inference (Tipton et al., 2017; Zhang et al., 2025). Accordingly, the findings are best interpreted as exploratory and hypothesis-generating rather than clinically confirmatory (Haucke et al., 2021; Zhang et al., 2025). 
Future work should use larger parallel-group trials, pre-specify primary outcomes, include process-pure episodic memory tasks, and prioritise linking neural modulation to behavioural change (Haucke et al., 2021; Langbaum et al., 2020; Zhang et al., 2025). Incorporating electric-field modelling and longer follow-up/maintenance schedules would clarify dose-response relationships and durability (Caulfield et al., 2022; Zhang et al., 2025). Multimodal approaches may also help map how local stimulation produces distributed network effects, while acknowledging feasibility constraints in AD cohorts (Tremblay et al., 2019). 
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