
Hippocampal-network transcranial magnetic stimulation to target reactivated intrusive memories: 
A proof-of-concept study in PTSD treatment

Dear Editor,

Neuromodulation of deep brain structures commonly relies on 
invasive stimulation techniques, limiting clinical applicability. Non- 
invasive stimulation approaches offer a promising alternative, with 
recent meta-analyses suggesting a potential for repetitive transcranial 
magnetic stimulation (rTMS) as a treatment for posttraumatic stress 
disorder (PTSD) [1,2], emphasizing the need for further research. To 
indirectly target deep-brain structures such as the hippocampus, we 
applied hippocampal network-targeted (HNT) non-invasive stimulation, 
leveraging resting-state functional magnetic resonance imaging 
(rs-fMRI) to identify parietal cortical nodes within the hippocampal 
network, having strong functional connectivity (FC) with the hippo
campus. HNT stimulation has been shown to alter memory and hippo
campal FC in healthy adults [3], suggesting potential to influence 
intrusive traumatic memories, a hallmark of PTSD characterized by 
persistent intrusions and flashbacks [4,5].

Intrusive symptoms in PTSD may arise from dysfunctional consoli
dation of traumatic episodic memories, however once retrieved, a 
consolidated memory enters a transient labile state, allowing modifi
cation and updating through reconsolidation [6]. Converging evidence 
implicate the hippocampus, a key structure in episodic memory [7], in 
this process. Here, we report an open-label, proof-of-concept trial eval
uating the feasibility of a personalized inhibitory rTMS intervention for 
PTSD, designed to target reconsolidation of intrusive trauma memories 
through hippocampal neuromodulation. Developing novel approaches 
to treat intrusive symptoms in PTSD is required, given that first-line 
treatments benefit only ~50 % of patients [8], and memory intrusion 
symptoms are typically treatment-resistant [9].

Ten adults with PTSD (5 females; Mage = 35.8 years) received five 
weekly sessions of fMRI-guided HNT 1Hz rTMS (Fig. 1A), delivered to a 
personalized parietal site functionally connected to the hippocampus 
(Fig. 1B). Stimulation was administered immediately after trauma 
memory reactivation. We examined whether perturbing hippocampal 
activity during the reconsolidation window would: a) decrease FC 
within the targeted hippocampal-cortical network; and b) reduce PTSD 
symptoms, particularly intrusive trauma memories. Baseline and post- 
treatment assessments included clinician-rated (CAPS-5) and self- 
reported (PCL-5) PTSD symptom severity scales, and rs-fMRI. Partici
pants also completed a daily trauma-intrusion diary (see Supplementary 
Methods).

The HNT rTMS treatment was well-tolerated. No discontinuations for 
adverse events occurred, and all participants completed the full course 
of treatment. No severe treatment-emergent adverse events arose. Two 
participants experienced minor TMS side effects (see Supplementary 
Results). A reduction in clinician-rated PTSD symptom severity was 
noted from baseline (M = 36.6, SD = 7.56) to post-treatment (M = 21.5, 

SD = 11.59), t (9) = 4.38, p < 0.001, d = 1.39, 95 % CI [0.38,2.35] 
(Fig. 1C-left). Follow-up Bonferroni corrected contrasts within the 
different PTSD symptom clusters indicated significant symptom re
ductions in intrusion (cluster B) and arousal (cluster E) symptoms, t (9) 
= 4.59 and 3.85, p = 0.004 and 0.016, d = 1.45 and 1.22, respectively. 
Non-significant reductions were noted for clusters C (avoidance) and D 
(negative thoughts and cognitions), t (9) = 2.39 and 2.99, p = 0.06 and 
0.16, respectively. Self-reported PTSD symptom severity also reduced 
from baseline (M = 60.8, SD = 7.41) to post-treatment (M = 36.0, SD =
15.65), t (9) = 7.06, p < 0.001, d = 2.36, 95 % CI [1.10,3.56] (Fig. 1C- 
right). Significant reductions over time were also noted in both the mean 
daily frequency of intrusive memories, F (5,40) = 10.59, p < 0.001, η2 =

0.57, and the associated intensity ratings, F (5,40) = 6.00, p = 0.003, η2 

= 0.42 (Fig. 1D). Post-hoc contrasts confirmed decreases from baseline 
to post-treatment in intrusion frequency (M = 1.7 to 0.5; t (8) = 6.17, p 
< 0.01, d = 2.01, 95 % CI [0.85,3.20]) and intensity (M = 6.95 to 5.11; t 
(8) = 3.63, p < 0.01, d = 1.21, 95 % CI [0.85,3.20]). Notably, all par
ticipants showed this reduction pattern.

FC between the hippocampal target and the parietal stimulation loci 
significantly decreased from baseline to post-treatment, t (9) = -2.97, p 
< 0.01, Fig. 1E-left), suggesting that the applied stimulation affected the 
targeted hippocampal network. No change in connectivity between an 
out-of-network SMA node and the parietal stimulation loci was noted, t 
(9) = -0.975, p = 0.355; (Fig. 1E-right), pointing to the topographic 
specificity of the HNT rTMS treatment. Additional robust permutation 
testing (see Supplemental Materials) supported the spatial specificity of 
the rTMS-induced connectivity changes.

This study generated three key findings. First, HNT rTMS emerged as 
a safe and tolerable intervention for patients with PTSD, with no in
creases in intrusions associated with the reactivation protocols. Second, 
large baseline to post-treatment decreases were noted in PTSD severity 
and in the frequency and intensity of intrusive memories. Third, sig
nificant reductions in FC were noted between the hippocampal target 
and the parietal stimulation loci. Together, the results warrant testing of 
HNT rTMS treatment in randomized controlled trials.

Unlike previous TMS interventions for PTSD, the current approach 
directly targets neural circuits implicated in memory-related symp
tomatology. To our knowledge, the present study is the first to employ 
HNT stimulation to inhibit the hippocampal network, examining its 
application immediately following trauma memory reactivation in the 
context of PTSD treatment. Prior work demonstrated that HNT can 
enhance memory and hippocampal network FC in healthy participants 
[3]. The current findings suggest that HNT can also achieve targeted 
inhibition within the hippocampal network, potentially disrupting 
reconsolidation processes underlying intrusive trauma memories. The 
observed reductions in patients’ frequency and intensity of intrusive 
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trauma memories align with broader symptomatic improvements, sup
porting the notion that alterations in memory processes may contribute 
to the clinical effects. Moreover, the significant post-treatment decrease 
in hippocampal-parietal connectivity provides a potential neural 
signature for this clinical change, with specificity to the targeted 
network (see Supplementary Results). Given the central role of the 
hippocampus in memory consolidation and contextual processing [6,
10], its targeted inhibition may interfere with the reconsolidation of 
reactivated trauma memories, thereby addressing a core neural mech
anism driving intrusive symptoms in PTSD.

Several key limitations of the current study warrant consideration. 
First, although the independent clinical evaluators (CAPS-5 measure) 
were blind to study design and hypotheses, the open-trial design 
inherently limits control over potential confounds. Notably, substantial 
placebo effects have been reported in brain stimulation interventions 
[2],. Second, the small sample size restricts both the generalizability of 
the findings and the statistical power to detect more nuanced clinical 
and neural effects. Third, extended follow-ups assessments are required 
to establish the durability of the observed effects (see Supplementary 
Discussion).

In conclusion, this study offers preliminary evidence for the clinical 
utility and neural specificity of HNT rTMS in alleviating PTSD symp
toms. Integrating clinical, neuromodulation, and neuroimaging out
comes, the findings point to a potential memory-based mechanism 
underlying PTSD symptomology. The current study paves the way for 
further neuroscience-informed innovation in PTSD treatment, under
scoring the need for a fully powered randomized controlled trial to 
evaluate HNT rTMS as a treatment for PTSD.
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Fig. 1. (A) Hippocampal-network targeted treatment design. A baseline clinical evaluation was followed by a baseline fMRI scan. Each treatment session consisted of 
trauma memory reactivation, immediately followed by rTMS (overall five one-per-week sessions). After treatment completion, a second fMRI scan and a post- 
treatment clinical evaluation were conducted. Participants recorded the frequency and intensity of their intrusive memories daily in a digitized diary throughout 
the study period. (B) Hippocampal-network targeted stimulation. Stimulation was applied over the parietal region (cyan), to target the hippocampal seed (red). The 
specific stimulation location within the parietal region was personalized for each participant using resting-state fMRI connectivity analysis, identifying the parietal 
coordinate showing the peak correlation with the hippocampal target (purple). (C) Changes in PTSD symptoms severity from baseline to post-treatment. (left) 
Primary outcome CAPS-5. (right) Secondary outcome PCL-5. (D) Changes in the frequency and intensity of trauma-related intrusions over the treatment course. Daily 
intrusion frequency and intensity before, during, and after treatment. Grey lines represent intrusions frequencies for individual participants. The black solid line 
indicates group average. Blue lines represent intrusions intensities for individual participants. The blue dotted line indicates group average. Error bars indicate 
standard error of the mean. (E) Changes in resting-state functional connectivity from baseline to post-treatment. (left) Functional connectivity between the left 
hippocampus seed and the hippocampal-network-targeted for stimulation. (right) Functional connectivity between the out-of-network control SMA seed and the 
hippocampal-network-targeted area of stimulation. *p < 0.01, **p < 0.001.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.brs.2025.10.019.
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