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Introduction

o Rhythmic activity of the hippocampus and hippocampal-cortical
network in the theta-frequency band (~3-8Hz) is thought to support
episodic memory.’

o The phase of the hippocampal theta oscillation may orchestrate the
transition between hippocampal connectivity states supporting
memory formation vs. retrieval?3, but this has not been conclusively
demonstrated in humans.

o Noninvasive transcranial magnetic stimulation (TMS) can produce
phase-entrainment in a targeted brain region when delivered at a
rhythm endogenously produced by that region?.

o To investigate the theta phase dependence of memory processing in
humans, we delivered theta-frequency stimulation to the hippocampal-
cortical network to produce phase-entrainment, then measured
performance on a specialized memory task timed relative to the
entraining stimulation.

Methods

o We applied theta-burst TMS in an attempt to manipulate hippocampal
theta phase via entrainment.

o Subjects received SHz theta-burst stimulation of a cortical
location in the hippocampal network, as in other recent work from
our laboratory>-°.

o Target location was identified from resting-state fMRI for each subject
based on hippocampal connectivity, restricted to left parietal (angular
gyrus, inferior parietal lobule), TMS-accessible sites.

o To control for sensory entrainment effects of TMS, we also performed
trials where we delivered the same stimulation to a vertex control site.

o Following each 2s TMS train, subjects performed a memory
encoding task where a brief (<17ms) visual stimulus was shown at a
known latency relative to the last TMS burst.

o Encoding success was determined based on performance on a
subsequent test of associative recall.

Design

Sample test trial

Sample encodmg trial
16ms

1.5s fixation 2s stimulation 100-350ms

1.5s mask
% latency
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o Subjects performed blocks of TMS-entrained stimulus encoding (9
trials/block), distractor task, and memory testing with simultaneous
EEG recording. Each block was randomly assigned to targeted or
vertex control stimulation. (24 total blocks)

o Stimuli were presented at one of 6 phases, corresponding to 11/2
intervals along the entrained theta oscillation.

o Performance on the memory test is compared across entrained theta
phase values. If we successfully entrained hippocampal theta and if
there is a phase dependence of encoding success, memory
performance vary periodically with entrained theta phase.

Research aims

Aim 1: Investigate the relationship between exogenously entrained hippocampal
theta phase and memory encoding abillity.
Aim 2: |ldentify neural correlates of optimal encoding due to theta phase synchrony
with memoranda.

Results

Encoding ability is theta-periodically influenced by targeted stimulation
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Extrapolated theta relative to stimulation

Change in subsequent memory
performance (top left) due to
stimulation targeting the
hippocampus (bottom left) versus a
control location (bottom right),
organized by phase angle of
memoranda presentation relative to
the theta-burst stimulation. n=15

Stimulation targeting the
hippocampus periodically
influenced encoding relative to
vertex stimulation, reducing
encoding ability during the rising
phase of both cycles compared to
the falling phase. (First cycle
following stimulation: p=0.007, robust
after multiple comparisons.. Second
cycle: trend-level)
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Calculating ERP correlates of successful encoding
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onset.

ERPs ahgned to
visual stimulus

o We determined the effect of targeted vs. control site stimulation
on the encoding signal ERP, time-locked to visual stimulus

o The goal of this analysis was to determine how extrapolated
stimulatory phase angle at the time of memoranda onset

influenced memory processing.

Calculating ERP correlates of successful encoding
Encoding signal ERPs by stimulation condition, across all extrapolated phases
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Targeted stimulation
results in enhanced
encoding signal
positivity across
frontal and central
electrodes. (n=12)
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Encoding signal ERPs by stimulation condition, by extrapolated phase
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Summary

o Parietal stimulation periodically influenced encoding relative to
vertex, affecting rising phases of both cycles compared to falling
phase.

o ERP encoding signals were also modulated by phase of stimulus
onset, with rising phases of both cycles generating the maximal
encoding signal for parietal stimulation versus vertex.

o These findings suggest an influence of stimulation on encoding-
related theta signals and support the role of theta phase in encoding.
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