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This exploratory study reports on the effects of Repetitive TranscranialMagnetic Stimulation (rTMS) on (prefron-
tal) brain activity changes during ambiguous emotional evaluation in patients with schizophrenia. Before and
after randomly assigned treatment with active and sham rTMS, patients performed theWall of Faces task during
fMRI scanning. fMRI analysis showed that rTMS treatment resulted in reduced activation of striato-fronto-parie-
tal brain areas, while activation increased compared to baseline after sham. Thus, prefrontal rTMSmay normalize
an increased brain response to ambiguous emotional stimuli, but future studies should confirm these findings.

© 2018 Elsevier B.V. All rights reserved.
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Dear Editor,

Negative symptoms of schizophrenia are associated with poor func-
tional outcome and are difficult to treat. Impaired functioning of the
prefrontal cortex (PFC) has been related to negative symptoms
(Hovington and Lepage, 2012). Repetitive TranscranialMagnetic Stimu-
lation (rTMS) uses alternating magnetic fields to induce an electric cur-
rent and thiswaymodulates neuronal excitability. High frequency rTMS
to the PFCmay increase brain activity in the stimulated area and associ-
ated regions that are part of the same neural circuit.Meta-analyses have
shown that prefrontal rTMSmay improve negative symptoms (most re-
cent: Aleman et al., 2018). Two previous functional MRI (fMRI) studies
did not find statistically significant differences in neuronal activation
between the sham and the active rTMS when applied to the left PFC
(Guse et al., 2013; Prikryl et al., 2012). However, a recent study from
our group found increased PFC and decreased posterior brain activation
during a planning task (Dlabac-de Lange et al., 2015), and increased
nce, University of Groningen,
, Internal Code FA32, 9700 RB

), j.j.l.a.s.n.dlabac@umcg.nl,
ing@lentis.nl, (H. Knegtering),
glutamate and glutamine (Glx) concentration in the prefrontal cortex
after bilateral rTMS compared to sham (Dlabac-de Lange et al., 2017).

The current fMRI study aimed to investigate whether rTMS does in-
deed activate the prefrontal cortex, as hypothesized. Brain activation
was assessed with a task that measures the response to social-emo-
tional ambiguity, the Wall of Faces (WoF) (Simmons et al., 2006). Sub-
jects have to determine the predominant emotion (experimental
condition) or gender (control condition) in an array of faces in ambigu-
ous or unambiguous ratios. The task has shown to activate the PFC and
posterior parietal regions (Simmons et al., 2006), and stronger activa-
tion in lateral PFC and precentral gyrus was observed in patients com-
pared to healthy control subjects (Dlabac-de Lange et al., 2018). We
hypothesized that active rTMS would increase activity in the PFC com-
pared to sham. Methods of the study are described in Supplementary
material S1.

Demographical and clinical data at baseline and task responses are
shown in Supplementary Table 1. Groups differed on the PANSSGeneral
Pathology subscale, so analyses on task responses were controlled for
that measure. Groups (sham vs. rTMS) did not differ in task perfor-
mance. Clinical effects are described in the main article on this study
(Dlabac-de Lange et al., 2015).

Interaction effects of brain activation for different contrasts of the
WoF task are shown in Fig. 1 and median activation per group and con-
dition in Supplementary Fig. 1. In all cases, patients had significantly de-
creased activation in frontal, parietal and striatal brain regions after
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Fig. 1.Brain areas showing significant changes in activation after rTMS treatment in response to ambiguous emotional stimuli, left: Emotion ambiguous vs. emotion unambiguous,middle:
Emotion ambiguous vs. gender ambiguous, right: Ambiguous vs. unambiguous.
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rTMS treatment and increased activation after sham. Supplementary
Table 2 reports the brain regions with significant activation changes.

This study investigated the effect of rTMS treatment on prefrontal
activation during ambiguous socio-emotional processing. In contrast
to our expectations, we observed that patients showed attenuated acti-
vation in frontal, parietal and striatal brain regions after active rTMS
treatment, while activation was increased after sham.

In the paper on the baseline findings, we observed that patients
showed more activation in the lateral PFC and precentral gyrus than
healthy controls for ambiguous versus unambiguous stimuli (Dlabac-
de Lange et al., 2018). The baseline paper also showed that negative
symptoms were negatively correlated with activity of frontal, parietal
and striatal regions. As negative symptoms decreased after treatment,
we would expect increased brain activation after active rTMS, as was
also stated in our hypothesis. However, it has been shown that a com-
plex state-dependent brain response may occur in response to rTMS
(Siebner et al., 2009), whichmay result in both increased and decreased
brain activation after stimulation. It could be speculated that rTMS in-
duces more effective processing in the prefrontal brain networks,
resulting in decreased activation after TMS treatment. Repeated task ex-
posure without rTMS stimulation may have led to increased activation
in the sham group.

Interestingly, therewere no differences in performance between the
sham and rTMS groups. However, the WoF task was intended to prime
activation of the PFC to infer about the reactivity of PFC after rTMS treat-
ment and not primarily to measure performance changes, which can
more accurately bemeasured with neuropsychological tests. Moreover,
it has been shown that patients show impaired emotional imitation but
not impaired identification (Schwartz et al., 2006). Thus, impaired emo-
tional processing is not per definition accompanied by impaired facial
emotion identification.

We are aware of the small sample size of the study and that drawing
conclusions should be donewith utmost caution. However, the two pre-
vious studies (Guse et al., 2013; Prikryl et al., 2012) used similar sample
sizes, whichmay be associatedwith the challenging design of the study.

In conclusion, prefrontal rTMSmay normalize an increased brain re-
sponse to ambiguous emotional stimuli, but future studies should con-
firm these findings.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2018.06.051.
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