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ABSTRACT

Introduction Schizophrenia is a psychiatric iliness
associated with brain function alterations and varying
degree of treatment resistance, often leading to severe
social malfunctioning. In recent decades, numerous
studies have been investigating the therapeutic potential
of transcranial magnetic stimulation (TMS) as a non-
invasive therapy for schizophrenia. However, its clinical
efficacy remains controversial, as a number of clinical
trials indicated moderate therapeutic effect while others
failed to reproduce the positive result. Moreover, the
neurobiological mechanism of action remains unclear,
possibly constricting the application of TMS in clinical
practice. The present protocol of meta-analysis aims to
investigate the TMS-related functional neuroimaging (ie,
functional MRI) features and alterations in subjects with
schizophrenia, and to discuss the potential of functional
MRI in TMS researches.

Methods and analysis The study selection process will
follow the Preferred Reporting Items for Meta-Analyses
guideline and quality assessment will be conducted
with a customised checklist. We plan to search in the
following databases: PubMed, Embase, OVID, China
National Knowledge Infrastructure and Wanfang Data,
from their respective dates of inception to 1 May 2020,
with language restricted to English and Chinese. Studies
focusing on the brain functional alterations in patients with
schizophrenia treated by TMS will be retrieved.

Ethics and dissemination This work does not require
ethics approval as it will be based on published studies.
This systematic review will be publicly disseminated in
peer-reviewed journals.

PROSPERO registration number CRD42020166288.

INTRODUCTION

Known for its prominent psychotic symptoms
such as hallucination and delusion, schizo-
phrenia (SZ), with a lifetime prevalence of
0.30%-0.66% in the general population,]_3
is a severe psychiatric illness that tends to be
chronic and recurrent, leading to varying
degrees of cognitive impairment and social

Strengths and limitations of this study

» This is a novel meta-analysis focusing particularly
on brain functional MRI in the transcranial magnetic
stimulation (TMS) therapy for schizophrenia.

» This study will provide informative evaluation of the
clinical efficacy of repetitive TMS and shed light on
its neural substrate of action.

» The present protocol mainly focuses on the brain
functional changes and the general symptomatic
improvement induced by TMS, therefore fails to dis-
cuss the effect of different stimulation parameters.

» The limit of this study is connected with the cross-
study heterogeneity that affects the external validity.

» We use public data that will be freely available after
publication.

pharmacological interventions are sometimes
insufficient in the treatment for SZ.* As a non-
invasive neurostimulation technique, transcra-
nial magnetic stimulation (TMS) seems to be
a promising add-on therapy that regulates
brain function by activating or suppressing
neural activity in an effective and safe manner,
even though the evidences are controversial.
A number of previous studies have explored
the role of TMS in the treatment of cogni-
tive deficit,” auditory hallucinations (AH)
and negative symptoms.” For instance, 20
Hz repetitive TMS (rTMS) over left dorsolat-
eral prefrontal cortex (DLPFC) was consid-
ered a safe and well-tolerated treatment for
negative symptoms and cognitive deficit of
sz.”8 However, a randomised, double-blind
and sham-controlled trial suggested that thera-
peutic rTMS administered to the DLPFC in SZ
did not result in evident cognitive enhancing
effects.” Data from several studies using func-
tional MRI (fMRI) have supported that rTMS
on language-perception area can alleviate AH
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as the symptom relieved."”°In an update (2014-2018) of
the evidence-based guidelines on the therapeutic use of
r'TMS, experts reviewed its curative effect on AH and nega-
tive symptoms; unfortunately, the strong heterogeneity
between studies failed to support an extensive clinical appli-
cation of such treatment."”

In recent studies of meta-analysis, researchers believe
that the placebo effect, publication bias and the frequently
mentioned cross-trial heterogeneity contributed to the
uncertain efficacy of TMS therapy for SZ.°° ' 1% There-
fore, in addition to focusing solely on the change of symp-
tomatic features, further explorations on optimisation of
stimulation parameters, as well as the neurobiological
factors associated with treatment response, are of clinical
necessity, so as to provide experiment basis for reliable
and effective treatment strategies.

In fact, neuroimaging technique plays an important role
in evaluating the therapeutic efficacy of TMS and exploring
its neurobiological mechanism of action. A systematic review
including 12 studies—3 of which involving fMRI—discussed
the major contributions of neuroimaging to TMS research
in mainly two aspects: (1) for guiding the coil placement,
and (2) for understanding the functional activation and
connectivity in SZ." For example, according to some later
studies, the treatment targets for AH are mostly identified by
performing a language task during fMRI."**’In a 2012 study,
the n-back task was performed twice on a group of patients
during the pretreatment and post-treatment fMRI scan, in
order to investigate treatmentrelated brain activation.”!
Another brain connectivity and AH review indicated that
FC alterations of the defaultmode network may be related
to hallucinations, and therefore rTMS—with its neuromod-
ulatory effects on targeted cortical sites and their associated
networks—is a promising treatment option for symptoms
associated with altered connectivity in SZ.** In addition, a
multimodal fMRI-r'TMS study demonstrated changes in
cortical plasticity in human during executive cognition.”

Despite the extensive fMRI research we mentioned
earlier, considerable variability of results exists between
these studies, and as far as we are aware of, there has been
no meta-analysis to date on studies investigating brain
functional alteration induced by therapeutic TMS for
SZ. Here we intend to describe the protocol for a meta-
analysis aiming to summarise the TMS-related functional
neuroimaging features in subjects with SZ, and conse-
quently, to evaluate its clinical efficacy and explore the
neural mechanism of action.

OBJECTIVE
This meta-analysis aims to integrate and assess the features
of brain function in SZ after receiving TMS.

METHODS

This protocol follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols 2015
statement.**

Eligibility criteria

Study types

Cohort studies and randomised controlled trials will be
included only if the neuroimaging results are available.
Case—control studies, case reports, narrative or system-
atic reviews, meta-analyses, letters and other secondhand
studies will be excluded.

Study design

Both resting-state and task neuroimaging studies investi-
gating functional activity or connectivity in patients with
SZ treated with active or sham-TMS will be included.
Longitudinal studies focusing on the management of SZ
will also be considered, but only if the baseline neuroim-
aging data are available. Studies that (1) did not report
whole-brain analyses, or (2) did not report coordinates
in either Montreal Neurological Institute (MNI) or
Talairach space, or (3) solely focusing on brain structure,
will all be excluded.

Participants

Studies with subjects with SZ with or without a healthy
control group (all without any known severe neurological
condition or head trauma) are required. The minimum
sample size will be 12 subjects per group, according to
previous studies.” *° Race, age and medication (ie, drug-
naive or medicated) will not be restricted.

Interventions
Active TMS or rTMS, and sham-TMS.

Outcome measures

Since we focus on therapeutic TMS-induced neuroim-
aging alteration in SZ, the main outcomes of the included
studies are brain regions that indicate significant func-
tional changes, including whole-brain functional activity
or FC, and should be presented in MNI or Talairach
coordinates.

The secondary result will be psychotic symptom
improvement indexed by the score of Positive and Nega-
tive symptom Scale,”” the Auditory Hallucination Rating
Scale or any other clinical assessment scales (eg, the
Manchester Scale) reported in the included studies.

Report characteristics

Only published and peerreviewed original studies in
English or Chinese will be included. The date of publi-
cation should be prior to 1 May 2020, the anticipated
completion date of this review.

Searching strategy

The following sources will be searched: PubMed, OVID,
Embase, China National Knowledge Infrastructure
(CNKI) and Wanfang Data, using Medical Subject Head-
ings terms. The searching strategies of PubMed (English)
and CNKI (Chinese) are presented in table 1 and will be
applied to the other databases.
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Table 1 Searching strategy

PubMed searching strategy

CNKI searching strategy

#1 Schizophrenia (MeSH terms)

#2 Schizophrenia (all fields)

#3 Schizophren* (all fields)

#4 #1 OR #2 OR #3

#5 Transcranial Magnetic Stimulation (MeSH terms)
#6 TMS (all fields)

#7 #5 OR #6

#8 Functional Neuroimaging (MeSH terms)

#9 Functional Neuroimaging (all fields)

#10 Functional Magnetic resonance* (MeSH terms)
#11 fMRI (all fields)

#12 #8 OR #9 OR #10 OR #11

#13 Final search terms: #4 AND #7 AND #12

FURG P2 20T (T8 )

#2232 FRUIG RV (1R )

#3820 R (8 A )

#4 #2 OR #3

#EI A FAAZ 2

#OMIILAR B (328 )

#T N REMS LR AR (TR )

#8 fMRI (3= /817 )

#9 #5 OR #6 OR #7 OR #8

#10 Final search terms:#1 AND #4 AND #9

CNKI, China National Knowledge Infrastructure; MeSH, Medical Subject Headings.

Selection process

EndNote V.X7 software (Thomson Reuters, New York,
New York, USA) will be used to manage literature. After
removing duplicates, studies identified by the literature
search will be removed independently by SZ and YF,
based on title and abstract. Then, the rest of the litera-
ture will be assessed by full-text screening for the final
inclusion for this review. Any disagreement between the
two reviewers will be reconsidered by a third reviewer, BZ.
Reasons for study exclusion will be reported.

Data collection

The two independent reviewers (SZ and YF) will doubly
extract data using a standard data extraction spreadsheet
in Excel. Again, any inconsistency between reviewers will
be reconsidered and the result determined by the third
reviewer (BZ). The following items will be extracted
from each record. (1) Publication information: title, first
author, publishing time, unit, country or region, and
funding support. (2) Details of methodology: partici-
pants, sample size, diagnostic criteria, demographic char-
acteristics (including age, gender and so on), imaging
modalities, scanner resolution, data analysis strategies,
clinical assessments and clinical variables (eg, illness dura-
tion and severity, and so on). (3) Results: the significantly
altered cerebral regions (defined by MNI/Talairach coor-
dinates, cluster size and statistical threshold), the results
of clinical assessments, and the correlations between
imaging data and clinical data.

Any missing information or questions about the above
data will be settled by contacting the authors. If no clar-
ification is provided within 4 weeks, the study will be
included in the final analysis with its missing information
reported.

Quality assessment
So far, there has been no standard checklist for quality
assessment of individual functional neuroimaging
studies. We will adopt a checklist (see box 1) published in
a previous meta-analysis.*® *

Two independent reviewers (SZ and YF) will examine
for any potential study bias, such as the characteristics of

Box 1 Quality assessment of individual studies

Category 1: sample characteristics (10)

» Patients were evaluated with specific standardised diagnostic cri-
teria (1).

» Important demographic data (age and gender) were reported with
mean (or median) and SDs (or range) (2).

» Healthy control subjects were evaluated to exclude psychiatric and
medical illnesses and demographic data were reported (1).

» Important clinical variables (eg, positive and negative symptom,
medication status, and illness duration and severity) were reported
with mean (or median) and SDs (or range) (4).

» Sample size per group >10 (2).

Category 2: methodology and reporting (10)

» Whole brain analysis was automated with no a priori regional se-

lection (3).

Magnet strength at least 1.5T (1).

At least 5 min of resting state acquisition (1).

Whole brain coverage of resting scans (1).

The acquisition and preprocessing techniques were clearly de-

scribed so that they could be reproduced (1).

Coordinates reported in a standard space (1).

Significant results are reported after correction for multiple test-

ing using a standard statistical procedure (AlphaSim, FDR, FWE or

permutation-based methods) (1).

» Conclusions were consistent with the results obtained and the lim-
itations were discussed (1).

FDR, false discovery rate; FWE, family-wise error rate.
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the sample, the methods of randomisation and blinding,
the completeness of outcome data and others, using the
Cochrane Collaboration’s tool. The assessment will be
done at study level. Inconsistencies between SZ and YF
will be settled by discussions with the third reviewer (BZ).

Data synthesis

All collected data will be put together in a table, including
the total and average sample size, age range of subjects,
mean duration of illnesses, as well as the clinical assess-
ment results. We will perform a qualitative analysis to
examine whether the different functional patterns exist
in SZ after the TMS treatment compared with the base-
line. Also, we will summarise these results by task-based or
resting-state fMRI.

Data analysis

First, the coordinates in MNI and Talairach space
extracted from the included studies will be converted
to one another for the convenience of our analysis. An
activation likelihood estimation (ALE) meta-analysis
will then be performed to integrate consistent brain
regions with significant functional alteration reported in
different studies, using GingerALE V.3.0.2 (http://www.
brainmap.org/). In the ALE algorithm, the peak coordi-
nates extracted from studies represent their own clusters
and were registered as centres in the 3D Gaussian prob-
ability distribution. The sizes of these clusters were esti-
mated with experimental design of each study, including
sample sizes, between-subject variations, normalising
methods and others. Finally, an ALE map was calcu-
lated by merging all modelled activation maps obtained
through voxel-wise aggregation of all clusters reported
in each experiment. This ALE map was then compared
against a randomly permuted null-distribution to test for
statistical significance.

To assess the stability of the outcomes, the leave-one-out
jackknife sensitivity analysis will be performed using
GingerALE. Specifically, this is a procedure that iteratively
recalculate the effect size by excluding a different study
from the sample at a time and then repeating the analyses.
If necessary, subgroup analysis will be performed based
on different stimulation parameters of TMS (frequency,
intensity and others) and courses of the disease (ie, first-
episode or chronic SZ).
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