
Effect of Imaging-navigated Repetitive Transcranial Magnetic Stimulation for 1 

Auditory Verbal Hallucinations in Schizophrenia Patients: a randomized, 2 

double-blind, sham-controlled, clinical trial 3 

1. Introduction  4 

Auditory verbal hallucinations (AVH) is a common symptom of schizophrenia 
1
. 5 

Approximately 70-80% of schizophrenia patients have AVH at initial presentation 
2, 3

, 6 

of which 25%-30% are irresponsive to antipsychotic medication and persist 
4
. The 7 

persistence of AVH can significantly diminish the quality of life and elevate the risks 8 

of suicide and violence 
5
. Consequently, alternative therapies are urgently needed to 9 

alleviate the severity and frequency of medication-resistant AVH. Repetitive 10 

transcranial magnetic stimulation (rTMS) as a non-invasive therapeutic strategy offers 11 

a potential treatment for AVH in schizophrenia patients. An increasing number of 12 

researchers place expectations on rTMS to ameliorate AVH, unfortunately, the 13 

efficacy of rTMS remains controversial 
6-10

. The conflicting clinical responses may be 14 

attributed to the variability in rTMS sequences and target selections used across these 15 

studies. 16 

The selection of the rTMS sequence is key to achieving more robust clinical 17 

efficacy. Although the efficacies in relieving AVH were mixed, a meta-analysis 18 

reported that 1-Hz rTMS on temporo-parietal junction (TPJ) cortex was statistically 19 

superior to sham treatment 
11, 12

. The neuroimaging and neurophysiological studies 20 

have indicated a correlation between AVH and heightened cerebral activity in the left 21 



temporal cortex, suggesting that rTMS efficacy in alleviating AVH may be explained 22 

by its potential inhibitory effects 
13-15

. The continuous theta-burst stimulation (cTBS) 23 

paradigm has been proven to produce similar inhibitory effects on the motor system 24 

as 1-Hz rTMS 
16

. However, the stimulation period of typical cTBS (~ 40s) is much 25 

shorter than 1-Hz rTMS (~ 10min) for the same number of pulses, which is an 26 

advantage for clinical application. The cTBS paradigm has been applied in the 27 

treatment of many neurological and psychiatric disorders. Furthermore, biochemical 28 

analysis 
17

 and neuroimaging studies 
18

 have reported that a three-block TBS protocol 29 

(inter-block interval = 15 min) may induce cumulative aftereffects. Thus, we 30 

hypothesized that this multi-cTBS protocol would be effective in alleviating AVH in 31 

schizophrenia patients.  32 

Apart from the stimulation sequence, accurately identifying the stimulation target is 33 

crucial for enhancing clinical efficacy. Most studies investigating the potential of 34 

rTMS to alleviate AVH have chosen the TPJ cortex as a therapeutic target. Whereas, 35 

researchers typically rely on the T3P3 site of the international 10-20 system EEG 36 

electrode positioning to approximate the TPJ target. Considering the anatomical 37 

variability among patients, this approach proves imprecise in determining the exact 38 

TPJ target for each individual. In clinical rTMS studies, employing an image-guided 39 

navigation method can significantly enhance spatial precision, leading to more 40 

favorable outcomes 
19, 20

. To address the clinical efficacy in treating AVH, we develop 41 

an optimized cTBS protocol that incorporates MRI navigation, an extended 42 

stimulation course (14 days), and a multi-block design (interval = 15 min). Our team 43 



has discovered that the efficacy of optimized image-guided cTBS is significantly 44 

superior to both sham treatment and previous cTBS studies 
10

, as evidenced in an 45 

open-label trial 
21

. To mitigate the placebo effect, we are assessing the efficacy of this 46 

optimized cTBS protocol through a randomized, double-blind, placebo-controlled trial. 47 

2. Objective 48 

Based on the background mentioned above, we will investigate the clinical efficacy 49 

of the modified cTBS protocol through a randomized double-blind placebo-controlled 50 

trial. We hypothesize that this modified cTBS protocol would reduce AVH symptoms 51 

superior to sham controls. 52 

3. Study Design 53 

We will conduct a single-site, randomized, double-blinded, placebo-controlled 54 

clinical trial with two arms. The eligible patients with schizophrenia will be recruited 55 

through posted flyers and physician referrals from Anhui Mental Health Center (Hefei, 56 

China). In the screening phase, inclusion and exclusion criteria are investigated. 57 

Patients who meet the inclusion criteria will provide their written informed consent to 58 

participate and be randomly assigned to one of the groups to receive either active or 59 

sham cTBS treatment. Involved patients, clinical raters, and all personnel responsible 60 

for the clinical care of patients remain blinded to the allocated condition. Only rTMS 61 

administrators have access to the randomization list, but they have minimal contact 62 

with the patients and no role in assessing AVH. After the inclusion and randomization 63 

processes, patients will undergo three daily sessions of cTBS treatment for 2 weeks, 64 



with assessments scheduled at three different visits: baseline (week 0), post-treatment 65 

(week 2), and a follow-up visit (week 6). Baseline assessments are conducted the day 66 

before the first cTBS session. Post-treatment and follow-up assessments are 67 

conducted one day and four weeks after the last cTBS session, respectively. The 68 

Auditory Hallucination Rating Scale (AHRS), the Positive and Negative Syndrome 69 

Scale (PANSS), the Hamilton Anxiety Rating Scale with 14 items (HAMA), and the 70 

Hamilton Depression Rating Scale with 17 items (HAMD) are assessed by a trained 71 

rater at baseline, post-treatment), and follow-up visit. These scales are applied to 72 

assess the severity of AVH and other symptoms. Furthermore, demographic data, 73 

structure magnetic resonance imaging (sMRI) and functional magnetic resonance 74 

imaging (fMRI) data are collected at baseline. The sMRI data will be used to navigate 75 

stimulation in real-time. The specific trial procedures are presented in Figure 1. 76 

77 

Figure 1. Schematic representation of the trial procedures. A, The trial consists of a 2-week rTMS 78 

treatment and three assessment visits at week 0, week 2, and week 6 (top). The clinical symptoms 79 

assessments include AHRS, PANSS, HAMA, and HAMD. B, The rTMS using continuous theta-burst 80 

stimulation (cTBS) paradigm will be performed with three daily sessions. The stimulation target on the 81 



scalp will be navigated using Brainsight neuro-navigation software and individual structural MRI of 82 

each participant. The specific target of temporo-parietal junction (TPJ) cortex and the schematic 83 

diagram of the cTBS sequence as visualized at the bottom. 84 

Abbreviations: MRI, magnetic resonance imaging; AHRS, Auditory Hallucination Rating Scale; 85 

PANSS, Positive and Negative Syndrome Scale; HAMA, Hamilton Anxiety Rating Scale; HAMD, 86 

Hamilton Depression Rating Scale; rTMS, repetitive transcranial magnetic stimulation. 87 

4. Inclusion and Exclusion Criteria 88 

Patients with the diagnosis of schizophrenia using the Structured Clinical Interview 89 

for the Diagnostic and Statistical Manual of Mental Disorders, the 4th Edition will be 90 

included, which will be applied by independent psychiatrists. 91 

Here are some more detailed inclusion and exclusion criteria. 92 

The inclusion criteria for patients included: 93 

1) Aged 18 to 60 years old both genders; 94 

2) patients with schizophrenia reported AVH at least 5 times per day using a written 95 

log or hand-held counter; 96 

3) the AVH symptoms of patients have failed to achieve a clinical response to 97 

medication treatment (defined as an insufficient response to at least two antipsychotic 98 

agents, administered at adequate dosages for at least 6 weeks); 99 

4) a stable dosage of antipsychotic medication for 2 weeks before inclusion and 100 

keep the dose stable for the duration of the study.  101 

Exclusion criteria included:  102 



1) Focal brain lesions on T1- or T2-weighted fluid-attenuated inversion-recovery 103 

MRI; 104 

2) accompanied by other mental illness or history other than depression;  105 

3) a history of severe head trauma or neurological disease;  106 

4) recent aggression or other forms of behavioral dyscontrol; 107 

5) a history of rTMS or electroconvulsive therapy;  108 

6) with severe suicidal thoughts or behavior;  109 

7) metal objects in the head or any other contraindication to MRI; 110 

8) pregnant and current alcohol or drug abuse. 111 

5. Randomization and Blinding 112 

Patients will be randomly assigned to receive either active or sham cTBS 113 

treatments according to a computer-generated list by an unblinded investigator not 114 

involved with study ratings/analysis. The assignment will be executed by utilizing 115 

sealed opaque envelopes, each containing the code corresponding to the assigned 116 

group for every participant. To ensure the integrity of the double-blind procedure, 117 

patients, clinical raters, and all personnel responsible for the clinical care of patients 118 

will remain uninformed about the assigned condition until the end point of the study. 119 

Only rTMS administrators have access to the randomization list. For the sham cTBS 120 

group, we will use a sham coil with an appearance identical to the real coil, The only 121 

difference was that the sham coil generated only sound and sensations on the scalp 122 

similar to the real coil but no current, which prevents patients from identifying their 123 



allocation to the rTMS group. 124 

To measure blinding integrity, participants will be asked to guess which group they 125 

were randomly assigned to at the study endpoint. Participants are notified of the 126 

treatment condition at the endpoint. Participants in the placebo group will be given the 127 

opportunity to receive active treatment. 128 

6. Interventions 129 

Following randomization and baseline assessment, patients will undergo neuro-130 

navigated cTBS treatment. The cTBS will be performed using a MagStim Rapid
2
 131 

transcranial magnetic stimulator (Magstim Company Ltd.) with a 70-mm air-cooled 132 

figure-of-eight coil. The frameless neuro-navigation system (Brainsight; Rogue 133 

Research, Montreal, QC, Canada) will be employed to position the coil for maximal 134 

field strength at the stimulation target regions for each participant. 135 

According to previous studies, the left TPJ may be an effective target for AVH in 136 

schizophrenia patients 
7, 8, 21

. Therefore, we restrict the stimulation target within the 137 

left TPJ, defined as a sphere of 6-mm radius centered at Montreal Neurological 138 

Institute (MNI) coordinates [−51, −31, 23] 
22, 23

. This target is transformed into each 139 

participant’s T1 space by applying an inverse matrix produced during T1 140 

segmentation in SPM12 (www.fil.ion.ucl.ac.uk/spm) and an in-house TMStarget 141 

software 
24

. Then, each individual’s target is imported into the neuro-navigation 142 

system. The junction points of the figure-of-eight coil will be placed directly over the 143 

TPJ region. The entire stimulation process will be monitored by real-time MRI 144 



navigation. 145 

Before the first treatment, each participant’s resting motor threshold (RMT) will be 146 

determined according to a 5-step procedure over the primary motor cortex 
25

. RMT 147 

was defined as the lowest intensity required to evoke a small response (>50 mV) in 148 

more than five of ten consecutive trials in the right first dorsal interosseous muscle. 149 

Participants will then undergo 3 daily sessions of cTBS treatment for 2 weeks. One 150 

session was 40 seconds in duration and consisted of triplet 50-Hz bursts, repeated at 5 151 

Hz until a total of 600 pulses was reached 
16

. To achieve cumulative aftereffects, this 152 

protocol was repeated 3 times (1,800 pulses in total) separated by two 15-minute 153 

breaks (controlled by a stopwatch) in line with previous methodological studies 
17, 18

. 154 

During the 15-minute treatment interval, all patients were silent and rested with their 155 

eyes closed. The cTBS was delivered at 80% of the resting motor threshold (RMT) 
26

 156 

or the highest intensity the stimulator could deliver for this protocol (50% of 157 

maximum output).  158 

Sham cTBS treatments will be delivered with the same rTMS protocol using a 159 

sham coil (Magstim Company Ltd.), identical in appearance to the real one. The only 160 

difference is that the sham coil generates only sound and sensations on the scalp 161 

similar to the real coil but no current, which prevents patients from identifying group 162 

allocation. 163 

Any adverse event related to the study (e.g., headache, pain, discomfort, or other 164 

harm caused by the intervention) will be recorded throughout the study. If serious 165 

adverse events occur, the participant will immediately be withdrawn from the study. 166 



7. Measurement of Outcomes 167 

7.1 Primary Outcome 168 

The primary outcome is the changes in AHRS scores from baseline to post-169 

treatment as well as follow-up. 170 

7.2 Secondary Outcomes 171 

Secondary outcomes measures will include: 1) the changes from baseline to post-172 

treatment and follow-up in the PANSS, HAMA and HAMD score; 2) the number of 173 

responders at post-treatment and follow-up (responder is defined as ≥25% reduction 174 

from baseline in AHRS and PANSS total scores); 3) the adverse events and blinding 175 

integrity.  176 

The flow chart for each patient is shown below (Table 1). 177 

Table 1. Schedule of Events  178 

Assessments 

Screening and 

baseline (Week 0) 

Post-treatment visit 

(Week 2) 

Follow-up visit 

(Week 6) 

Inclusion/exclusion 

criteria 

× 

  

Informed consent × 

  

Randomization × 

  

Demographic data × 

  

MRI scan × × 

 

RMT × 

  

AHRS × × × 

PANSS × × × 



HAMA × × × 

HAMD × × × 

Adverse events record 
 

× × 

Blind integrity evaluate 
  

× 

Abbreviations: MRI, magnetic resonance imaging; RMT, resting motor threshold; AHRS, Auditory 179 

Hallucination Rating Scale; PANSS, Positive and Negative Syndrome Scale; SAPS, Scale for 180 

Assessment of Positive Symptoms; SANS, the Scale for Assessment of Negative Symptoms; HAMA, 181 

Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale. 182 

8. Sample Size Calculation 183 

The sample calculation is based on the AHRS, which is our study's primary 184 

outcome. According to a previous meta-analysis, which verified an efficacy favoring 185 

active low-frequency vs. sham rTMS with an effect size of 0.76 in the treatment-186 

resistant AVH 
12

. Setting a power of 80% and a 2-tailed α level of 5% for assessing 187 

AVH improvement, a sample size of 30 participants per group will be required. 188 

Additionally, a 10% attrition rate is considered, and the total sample size will be 66 189 

participants. 190 

9. MRI Parameters 191 

The structural and resting-state functional MRI data for each patient at baseline. 192 

Structural and functional MRI data will be acquired utilizing a 3.0 T scanner 193 

(Discovery 750; GE Healthcare, Milwaukee, WI, USA) at the University of Science 194 

and Technology of China (Hefei, Anhui Province). Specifically, functional images 195 

(comprising 217 volumes) are acquired through a single-shot gradient-recalled echo 196 



planar imaging sequence (repetition/echo time: 2400/30 ms; flip angle: 90º). Images 197 

of 46 transverse sections (field of view: 192 × 192 mm2; in-plane matrix: 64 × 64; 198 

section thickness: 3 mm without intersection gap) are acquired in parallel to the 199 

anteroposterior commissure line. Subsequently, high spatial resolution T1-weighted 200 

anatomic images will be obtained in the sagittal orientation employing a 201 

magnetization-prepared rapid gradient-echo sequence (repetition/echo time: 8.16/3.18 202 

ms; flip angle: 12º; field of view: 256 × 256 mm2; 256 × 256 matrix; section 203 

thickness: 1 mm, without intersection gap; voxel size: 1 × 1 × 1 mm3; 188 sections). 204 

We will employ foam fillers and earplugs to minimize head motion and diminish 205 

scanner noise during the scanning phase. Participants are instructed to keep their eyes 206 

closed and maintain a state of rest without falling asleep while acquiring images. 207 

10. Statistical Analysis 208 

We will use the IBM SPSS Statistics version 23.0 for statistical analyses. For the 209 

primary outcome and all continuous secondary outcomes, we will use linear mixed-210 

effects models to test the treatment efficacy. Time, treatment group, and time-by-211 

treatment interaction will be included in the model as fixed effects. The individual 212 

participant intercept will be included in the model as random effects. For the binary 213 

outcomes of treatment response, we will use the Chi-squared test or Fisher exact test 214 

to compare between groups. P values are 2-sided, and P < .05 will be considered 215 

statistically significant. Effect sizes will be calculated as Cohen’s d and odds ratios for 216 

continuous and binary outcomes, respectively. We also provided the number needed to 217 



treat (NNT), to assess the effectiveness of a clinical intervention 
27

. The missing data 218 

will be addressed using the multiple imputations method. 219 

  220 
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