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Introduction

Transcranial magnetic stimulation (TMS) of the dorsolateral prefrontal cortex
(dIPFC) has been shown to enhance cognitive performance (Bagherzadeh et
al., 2016), such as working memory during the N-back task (Brunoni et al.,
2014). Increased performance on the N-back task has been found to involve
different premotor, frontal and parietal cortices (Owen et al., 2005). What
remains unexplored is which acute brain activation changes explain the
variability in cognitive enhancement by TMS over dIPFC. Although the gold-
standard depression treatment target, i.e. subgenual anterior cingulate cortex
(sgACC) anti-correlated dIPFC targets, could potentially lead to improved
cognitive performance, has not been directly tested to our knowledge. The
hypothesis is that these brain areas are involved in modulating between-subject
differences in increased cognitive performance as a result of TMS during the N-
back task. Evidence to support this would suggest that sgACC modulation not
only is an effective treatment for depression but enhances working memory.
Moreover, between-subject differences in cognitive performance during TMS
could be associated with activations in these brain areas.

Methods

In this study, we used interleaved TMS-fMRI during a working memory task to
assess whether activations in the dIPFC and the anticorrelated sgACC are
related to increased cognitive performance in response to TMS. Eighteen
healthy subjects (8 female, aged 18-38) performed the N-back task during
interleaved TMS-fMRI, see Figure 1.
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Figure 1: Methods corresponding to Grosshagauer et al. (2024).

As this analysis is based on the original study by Grossshagauer et al. (2024), the methods
correspond. (a) The N-back task consisted of two conditions. In the 0-back condition, participants
were instructed to report the stimulus “X” with a button press. In the 2-back condition participants
needed to report if when a letter matched the letter presented two positions earlier. The 2-back
task is known to require working memory, while the 0-back condition is not. During both
conditions, TMS triplets at 100% of rMT were applied 150 ms after stimulus onset. TMS was
applied on an equal number of target stimuli random non-target letters. (b) For this study, RT
during the N-back task was calculated for correct trials, where smaller RT represents increased
cognitive performance. Stars represent mean RT scores of individual subjects. (c) The main
finding of the original study by Grosshagauer et al. (2024) was that TMS-induced modulation of
cortical and subcortical projections was state-dependent.
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Figure 2: Cortical inhibitions and activations predict task performance during TMS-fMRI
BOLD changes (t-values) are thresholded at 8. Activations are represented by hot colours and
iInhibitions are represented by blue colours.

Results

Whole-brain level regression analysis (p = 0.001, k=33) revealed an association
between RT and modulation of the medial prefrontal cortex (mPFC) [peak: 2,
56, 18 mm; T = 6.36, punc. = 0.000, prbor-corr = 0.013, prwe-corr = 0.009] and the
ACC [peak MNI coordinates: -8, 48, -4 mm; T = 5.07, punc.= 0.032] during 2-
back trials, where stronger activations correlate with faster RT. For TMS during
0-back trials, activations in the dIPFC [peak: -40, 30, 18 mm; T = 6.91, punc. =
0.011] predict slower RT, see Figure 2.

Conclusion

Together, between-subject differences in task performance measured by
reaction time during a working memory task in response to TMS stimulation are
associated with certain brain activation patterns. Changes in task performance
in response to TMS and concurrent brain activations depend on the task
difficulty. Higher cognitive functions as required for the 2-back condition are
facilitated by ACC and mPFC projection, while more basic visual processing
(i.e. O-back task) seems to be delayed if dIPFC activation increases due to
stimulation. Importantly, measuring neural target engagement during task
processing, as enabled by our chronometric TMS-fMRI approach, might enable
further personalisation of stimulation parameters to enhance efficacy.
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