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Abstract 

 
Many people suffer from major depression disorders (MMD) but antidepressant treatment doesn't work for 30% of 

MMD patients. The effects and therapeutic mechanism of repetitive transcranical magnetic stimulation (rTMS) are 

still unclear. This research studied the effects of treating MMD by rTMS by comparing a group of patients receiving 

both the antidepressant selective serotonin re-uptake (SSRI) and rTMS treatment with another group receiving. 

These results show that rTMS with antidepressant treatment can reduce MMD symptoms and therefore keep brain 

function in dynamic stability. The groups of patients receiving both rTMS treatments and antidepressant have an 

effective rate of 86.67% after 2 weeks and 72.00% after 10 weeks. The group of patients receiving just 

antidepressant treatment has an effective rate of 7.14% after 2 weeks and 54.76% after 10 weeks. This research 

found that rTMS with antidepressant treatment will result in a decrease in depression symptoms and the effective 

rates of rTMS with antidepressant treatment after 2 and 10 weeks were significantly higher than those of 

antidepressant treatment. This result suggests that antidepressant combined with rTMS treatment is more effective in 

treating MMD than just antidepressant treatment. Hence, rTMS can be more extensively used in the treatment of 

MMD patients. 
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1. Introduction 

 
Major Depression Disorder (MDD) is a mental disorder that is characterized by persistent low mood, low self-

esteem and loss of interest in normally enjoyable activities. MDD is pervasive and triggers suicide quickly. A person 

having a major depressive episode usually exhibits a very low mood, which pervades all aspects of life, and an 

inability to experience pleasure in activities that were formerly enjoyed. Depressed people may be preoccupied with 

thoughts and feelings of worthlessness, inappropriate guilt or regret, helplessness, hopelessness, and self-hatred. In 

severe cases, depressed people may have delusions or hallucinations. It affects approximately 14.8 million American 

adults, or about 6.7% of the US population who are age 18 and older. In the United States, around 3.4% of people 

with MDD commit suicide and up to 60% who commit suicide had depression or another mood disorder. 
   MDD is pervasive but it’s hard to treat. There are three major treatments for MDD so far

1,8
. The first treatment is 

antidepressant medication. Some important examples of antidepressants are the selective serotonin reuptake 

inhibitors (SSRIs), serotonin–norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCAs) and 

monoamine oxidase inhibitors (MAOIs). However, between 30% and 50% of individuals treated with a given 

antidepressant do not show a response
2, 5, 7

.   
   The second prevalent MDD treatment is Psychotherapy or Counseling. Psychotherapy is a therapeutic interaction 

or treatment contracted between a trained professional and a client, patient, family, couple, or group. It serves to 

explore the thoughts, feelings and behavior of patients for the purpose of problem solving or achieving higher levels 

http://en.wikipedia.org/wiki/Major_depressive_episode
http://en.wikipedia.org/wiki/Anhedonia
http://en.wikipedia.org/wiki/Delusion
http://en.wikipedia.org/wiki/Selective_serotonin_reuptake_inhibitors
http://en.wikipedia.org/wiki/Selective_serotonin_reuptake_inhibitors
http://en.wikipedia.org/wiki/Serotonin%E2%80%93norepinephrine_reuptake_inhibitors
http://en.wikipedia.org/wiki/Tricyclic_antidepressants
http://en.wikipedia.org/wiki/Monoamine_oxidase_inhibitors
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of functioning. However, the effectiveness of medication for mild or moderate cases is questionable
12

.
 

    A minority of MDD patients was treated with electroconvulsive therapy (ECT) 
13,4,6,9

. ECT is also known as 

electroshock, which is a standard psychiatric treatment in which seizures are electrically induced in patients to 

provide relief from psychiatric illnesses. Although a large among of research has been carried out, the exact 

mechanism of action of ECT remains elusive. 
   Transcranial magnetic stimulation (TMS) is a noninvasive method to cause depolarization or hyperpolarization in 

the neurons of the brain. It’s a newly invented way to treat MDD and other mental mood disorders
10, 3

. rTMS causes 

movement in certain part of the brain without discomforts by using electromagnetic induction. The coils will 

produce electric currents when the magnetic field around it changes. rTMS helps researchers to study the brain’s 

functioning and interconnections.   
   While repetitive transcranical magnetic stimulation (rTMS) has already been supported by previous literatures to 

be effective in treating MDD and has been included into the Practice Guideline For the Treatment of Patients With 

Major Depressive Disorder (the Third Edition), the therapeutic mechanisms of rTMS remains unclear. The purpose 

of this research was study the effects of treating MMD by rTMS thoroughly by comparing a group of patients 

receiving both antidepressant and rTMS treatment with another group receiving just antidepressant treatment
11

. The 

hypothesis of the present is study was that the group with antidepressant and rTMS treatment would show a higher 

recovery rate than the other group with just antidepressant treatment. 

 
 
2. Methodology  

 
2.1 Participants 

 
A total of 159 participants (71 males and 88 females) ranging from 18 to 60 were recruited for the present study. All 

participants were patients with relapsed MDD after the cessation of antidepressant for more than three months. They 

were all treated in China Medical School of Sichuan University from 2010 to 2012. All patients were diagnosed as 

MDD patients with DSM-IV standards for major depression disorders. Although participants had different mood 

level and mental status at the time of experiment, they all rated ≥17 on Hamilton Depression Scale (HAMD). 

Patients with stroke and other severe bodily diseases, patients in encyesis and breast-feeding period were excluded 

from this research. All participants were notified ahead of the functions and underlying principles of rTMS and its 

benefits and risks. Informed consent was signed before the study.  

 

2.2 Materials 

 
Selective serotonin reuptake inhibitor (SSRI) was administered to patients in this study. Patients also received 

Paroxetine, Sertraline Hydrochloride, Citalopram and Fluoxetine as antidepressant medicines in this study and they 

were monitored to ensure an equal amount of intake of all medicines throughout groups and experimental days. The 

amount of medicine received by every patient differs according to their respective nature but the influence of these 

different dosages was negligible because a large number of patients were recruited in this study.  

  

2.3 Apparatus 

 
The Magstim Rapid 2 produced by Magstim Company in England was used as rTMS machine in this study. MEB-

9200 evoked potentials machines produced by Nihon Kohden in Japan were adopted to conduct mismatch negative 

(MMN) and sensory gating potentials (SG-P50) examinations.  

 

2.4 Procedure 

 
A total of 159 patients with MDD randomly divided into two groups: 75 patients in group A (18 males and 57 

females) were administrated rTMS treatment for two weeks (15 days), and continued to give antidepressant of 

selective serotonin reuptake inhibitor (SSRI) regularly. Eighty-four patients in group B (25 males and 59 females) 

were consistently administered the similar antidepressant. The 24-item Hamilton Depression Scale (HAMD-24), 

MMN latency, S1-P50 amplitude, S2-P50 amplitude and S2-P50 / S1-P50 amplitude ratio, and the percentages of 

http://en.wikipedia.org/wiki/Depolarization
http://en.wikipedia.org/wiki/Hyperpolarization_(biology)
http://en.wikipedia.org/wiki/Neuron
http://en.wikipedia.org/wiki/Brain
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abnormal P50 (S2-P50/S1-P50≥0.5) were assessed and measured before treatment, at the 2
nd

 and the 10
th

 weekend after 

treatment in two treatment groups. Meanwhile, 90 cases of normal control group C (28 males and 62 females) were 

set up. There did not exist any significant differences of demographics among three groups.  
   Magstim Rapid 

2
 was used to deliver rTMS treatment. The motor threshold (MT) and dorsolateral prefrontal 

cortex position (DLPFC) were determined in the first treatment. The temperature of the treatment room was control 

between 16-23 Celsius. Patients were asked to lie down on the bed and received rTMS treatment by “8” shaped coils. 

MEPs from thenar muscles on hands were recorded. Then rTMS machine were adjusted to make sure at least 5 out 

of 10 stimulations resulted in MEPs with aptitudes greater than 50 μV. Then the output stimulation would be MT at 

that time and 4-5 cm in front of MEPs positions would be DLPFC.  
Previous studies constructed the foundations that MDD patients have contrary MCE asymmetry compared to normal 

people. Their left hemispheres (dominant hemispheres) have lower MCE than normal people while right 

hemispheres (non-dominant hemispheres) have higher MCE. rTMS with high frequencies (≥5Hz) and low 

frequencies (≤1Hz)  can increase and decrease MCE, respectively. According to this finding, treating right 

hemisphere with low frequency rTMS or treating left hemisphere with high frequency would lead to similar 

antidepressant effects and decrease anxiety likely. Hence, the present study employed 90% MT to stimulate both 

hemispheres with 1 Hz low frequency (10 impulses per cluster; 10s cluster interval) stimulating right side DLPFC 

and 20 Hz high frequency  (20 impulses per cluster; 20s cluster interval) stimulating left side DLPFC. The total 

number of stimulations on either side was 800 per day.  
   Group A received one rTMS treatment per day for six consecutive days and then had a one-day break. A total of 

15-day-treatment was administered. MMN and P50 examinations were conducted in this study. For MMN 

examination, electrodes were applied on Cz and Fz and the ground connection electrode were put on FPz. Oddball 

mode was used to stimulated patients. The machine released a series of high probability (80%) standard stimulations 

(1000 Hz, 60 dB) and low probability (20%) deviated stimulations (2000 Hz, 80 dB). The rate of stimulation was 1 

Hz and the analysis time was 100 ms/div with an accuracy of 20 μV/div. Patients were not asked for any reactions 

and the mismatch negativity wave was obtained by deducting the standard stimulation wave from the deviated 

stimulation wave. The incubation period of MMN was measured by setting the MMN wave shape from the Fz 

position. For P50 examination, paired S1 (conditions) - S2 (testings) short-interval auditory excitements mode was 

adopted. The interval between condition and testing was 500 ms and the interval between each pair was 10 s. The 

analysis time was 30 ms/div with an accuracy of 10 μV/div. Patients were also allowed for no reactions during this 

testing. The amplitudes of P50, S2-P50, S2-P50/S1-P50 ratio and the percentage of P50 abnormality (S2-P50/S1-P50≥0.5) 

were recorded. MMN and P50 examinations were conducted before treatment, two weeks and ten weeks after 

treatments. 
 

 

3. Results  

 
Group A and B did not differ significantly in their HAMD scores (p > 0.05). Two and ten weeks after treatment, the 

HAMD-24 scores were reduced remarkably than those before treatment in group A and B (P<0.001), and it in group 

A was lower than it in group B (P<0.001). The HAMD score of after ten weeks were significantly lower than two 

week (p<0.001). As can been seen in Table 1, the recovery percentage of group A after two and ten weeks were 

86.67% (65/75) and 72.00% (54/75), respectively and those of group B were, respectively, 7.14% (6/84) and 54.76% 

(46/84).  

   Group A and B did not differ significantly in their MMN incubation latencies, P50 amplitudes, S2-P50 amplitudes, 

S2-P50/S1-P50 ratio and the percentage of P50 abnormality S2-P50/S1-P50≥0.5). MMN latencies and S2-P50 amplitudes 

after treatment in group A were significant shorter and lower than those before treatment in group A and after 

treatment in group B (P<0.05) (except for intergroup comparison of S2-P50 amplitude after treatment 10 weeks). 

There was not statistically significant S2-P50 / S1-P50 ratio (except for after treatment 2 weeks) and percentage of 

abnormal P50 between group A after treatment and group C (P>0.05). There were no statistical significance 

difference of ERPs between after treatment 2 weeks and 10 weeks in group A (P>0.05). There were no statistical 

differences of ERPs between before and after treatment in group B (P>0.05) (see table 2).  
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Table 1. Comparison of HAMD score between tow treatment groups 

  A group (n=75) B group (n=84) F P 

Before Treatment 30.09±9.03 31.05±9.15 0.47 0.51 

2 Weeks of Treatment   10.24±3.76
*｣ｬ# 

 20.15±6.48
*
 134.97 0 

10 Weeks of Treatment   10.61±5.02
*｣ｬ# 

   16.07±6.48
*｣ｬ△ 34.64 0 

* P<0.001，vs. before treaetmet；# P<0.001，vs. B group；△ P<0.001，vs. 2 weeks of treaetmet in B group 

 

Table 2. Comparison of event related potentials in three groups 

Group Time n_MMN (ms) S1-P50(μV) S2-P50(μV) S2-P50/ S1-P50 Abnormal P50 

Cases (%) 

A 

Before    75 234.89±41.22
*
 20.73±11.30 10.30±4.41

*
 0.65±0.52

#
 41 (54.67)

#
 

2 weeks   

75 

208.05±28.54
* 

▲  
 

18.63±9.61 8.14±3.72
◇ ▽ 

 0.57±0.64△ 29 (38.67) 

10 weeks  

75 

205.89±33.52
* 

▲ ▼
 

19.67±10.38 8.08±3.33
◇
 0.52±0.37 32 (42.67) 

B 

Before    84 231.11±31.14
*
 18.20±10.20 10.41±4.10

*
 0.73±0.52

*
 47 (55.96)

#
 

2 weeks   

84 
224.16±29.93

*
 18.55±9.56 9.80±3.72

*
 0.63±0.42△ 46 (54.76)

#
 

10 weeks  

84 
221.57±33.58

*
 18.16±9.07 9.27±4.85

#
 0.60±0.43△ 43 (51.19)△ 

C 90 187.38±31.06 19.34±10.29 7.45±3.98 0.43±0.19 
29 

(32.22) 

              

* P<0.001，# P<0.01，△ P<0.05，vs. control group；▲P<0.001，◇P<0.01，vs. before treatment；P<0.01，

▽P<0.05，vs. 2 weeks of treatment in B group；▼P<0.01，vs. 10 weeks of treatment in B group 

 

 

4. Conclusion   

 
rTMS combined with antidepressant therapy was superior to single antidepressant treatment, and marked improved 

automatic processing and sensory gating of the brain senior functional electrical physiological index. rTMS might 

induce effects of long-term potentiation/ long-term depression like plasticity on brain, and keep brain function in a 

dynamic stability and balance. MMN and P50 maybe become neuroplasticity index reflecting relevant the brain 

senior function.  
   Human brain has automatic processing and controlled processing for the cognizance of experimental stimuli. 

MMN measures an individual’s automatic processing of external stimuli and it reflects the abilities of the brain to 

process information on early stage. The MMN latencies were normally between 150-200 ms, which was considered 

by many scholars as caused by internal ERPs. It leaves impressions for high probability events and results in 

reactions when a novel stimulus was received. Besides, human has sensory gating (SG) to help to minimize the 

amount of unrelated stimuli that entered the brain, which will help to avoid an overload from an extra amount of 

external information.  
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   Neurocircuit changes and regroups according to internal manipulations and environmental stimuli, which is 

defined as neuroplasticity. Long-term potentiation (LTP) is a specific type of neuroplasticity in which postsynaptic 

potentials (PSPs) are increased. Long-term depression (LTD) refers to the situation when PSPs lengths decrease 

after low frequency stimulation. These two types of potentiation are considered the most important ways of 

neuroplasticity that laid the foundations for learning and memorizing. Paired rTMS or other transcranical electric 

stimulations can alter brain MCE and thus, result in LTP/LTD plasticity.  
   The present study found that rTMS with medicine combined treatment decrease MMN latency markedly, which 

was not demonstrated by antidepressant only treatment. This finding implied that rTMS with antidepressant 

treatment could alter the automatic processing speed of brain, improve the auditory system’s capabilities to 

categorize, encode and record novel stimuli. On the other hand, the abnormality percentage of P50 , S2-P50 / S1-P50 

amplitudes ratio decreased after antidepressant and rTMS combined treatment, which demonstrated strengthened SG 

abilities of patients after combined treatments.  
   Previous studies found that the influence of rTMS on neuroplasticity is related to brain-derived neurotropic factor 

(BDNF) (Brunoni, 2008). Researchers considered the BDNF of neurosystems includes mature BDNF (mBDFNF) 

and precursor BNDF (proBDNF), with the former related to LTD and the latter related to LTP. High frequency 

stimulation and low frequency stimulation by rTMS result in effects similar to LTP and LTD.  
   Although rTMS and medicine combined treatment showed a marked decrease in HAMD scores. The MMN 

latencies and S2-P50 / S1-P50 amplitudes ratio are still higher than that of the control group. Other studies have 

demonstrated lessened mental disorder characteristics after rTMS treatment but abnormal MMN latencies and P50 

amplitudes were still persistent. Besides, the recovery rate of combined treatment after ten weeks were significantly 

lower than after two weeks while the effects of antidepressant treatments increased along with time. Future studies 

might want to investigate whether the effects of rTMS on MDD stop after a certain amount of time and whether the 

repeated administration of rTMS is beneficial to patients.    
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