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Summary

The aim of this paper was to present the current use of repetitive transcranial magnetic 
stimulation (rTMS) in psychiatric disorders with the mode of its application and results of 
most prominent studies. The most robust data concerns its use in major depressive disorder, 
while in other psychiatric disorders results are preliminary. TMS with the development of new 
techniques and new treatment protocols has a potential to become a very useful treatment tool 
in pharmacoresistant patients or patients intolerant of pharmacotherapy.
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Introduction

Transcranial magnetic stimulation (TMS) is based on Faraday’s law of elec-
tromagnetic induction that states that change in intensity of current flowing in one 
coil induces current flow in other coil via magnetic field. In case of TMS current is 
induced in ion environment such as neural tissue. In 1985 Barker et al. constructed 
magnetic stimulator strong enough to stimulate motor cortex and cause contraction 
of small hand muscles [1]. It was the beginning of a very dynamic development of 
TMS as a tool for examination of brain’s function, neurophysiology and therapeutics. 
In that last application TMS is used in repeated series of magnetic pulses (repetitive 
transcranial magnetic stimulation – rTMS). On the basis of the frequency of impulses 
there is division into high frequency rTMS (> 1 Hz) and low frequency TMS (≤ 1 Hz) 
increasing and diminishing cortex excitability respectively [2]. The application of 
TMS in repeated pulses is supposed to cause longer lasting changes in brain’s func-
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tion which result from long lasting synaptic potentiation or depression [3]. rTMS is 
a non-convulsive, focal, circuit-based approach [4].

Initially rTMS research concentrated on depression [5–7], a few years later the 
first paper concerning an application on this method in auditory hallucinations was 
published [8, 9]. Further rTMS research gradually involved negative symptoms of 
schizophrenia, obsessive-compulsive disorder, substance addiction, cognitive disorders 
and others. This paper presents the most important information concerning application 
and efficacy of rTMS in selected psychiatric disorders.

Affective disorders

The largest number of studies concerns application of rTMS in major depressive 
disorder. Typical place of stimulation is dorsolateral prefrontal cortex. Repeated 
stimulation in this area is thought to restore normal functioning of prefrontal and 
limbic regions implicated in mood regulation [10, 11]. Most of studies was based 
on supposed diminished function of left dorsolateral prefrontal cortex in depression 
and this place was fixed as standard for high frequency magnetic stimulation and 
respectively right prefrontal dorsolateral cortex for low frequency magnetic stimula-
tion. This view is now regarded as significantly simplified and it can be thought that 
at least in some patients stimulation of other regions would increase effectiveness 
of the method [12, 13].

Among many studies in patients with major depressive disorder there are two 
multicenter sham-controlled studies of particular importance [14, 15]. O’Reardon et 
al. demonstrated that significantly more people remitted after six week of active treat-
ment in comparison with people in control group. Remission and response rates were 
respectively 16% and 25%. Results of this study were basis for the authorisation in 
October 2008 by American Food and Drug Administration (FDA) of a device which 
was used for rTMS treatment in patients with major depressive disorder who failed to 
respond to one antidepressant medication at sufficient dose and duration. In the study 
conducted by George et al. remission occurred in 14.1% of patients in the group with 
active treatment and in 5.1% of patients in the group receiving sham stimulation, and 
mean time of treatment was 5.2 weeks. In open label phase of the study remission oc-
curred in 30.5% of patients in mean time of six weeks [16]. The result is considered 
as better than application of next antidepressant drug in patients with similar number 
of previous unsatisfactory treatment trials in current depressive episode [17]. In inter-
pretation of studies with sham stimulation in control group it is underlined that it is 
difficult to provide adequate placebo in application of this method [18].

Efficacy of rTMS principally in population with major depressive disorder was 
confirmed in open label trials. Carpenter et al. evaluated severity of symptoms in Clini-
cal Global Impressions (CGI) and in a group of 307 subjects remission and response 
rates were respectively 37% and 58% [19]. Results of study conducted by Connolly 
et al. were in general similar, moreover, it included small group of patients with bi-
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polar depression [20]. Remission and reaction rates in this group were lower than in 
patients with major depressive disorder, probably due to higher treatment resistance 
in this group.

There are also reports on long term efficacy of rTMS as well as maintenance 
treatment [21, 22].

The only approved indication for rTMS use is major depressive disorder. In the 
United States the method is applied routinely and patients may count on reimbursement 
of six weeks of treatment and some taper sessions. In the European Union accessibil-
ity to this method is raising. Patients may have the use of it apart from private sector 
and treatment may be to some extent financed from public resources i.a. in the Great 
Britain (recently there was created the first Treatment Service financed by National 
Health System – Nottingham Neuromodulation Unit).

There are only a few trials on efficacy of rTMS in patients with bipolar depression 
[23–25]. In the recent study of Dell’Osso in 6 among 11 participating patients occurred 
reaction to treatment defined as Hamilton Depression Rating Scale score endpoint 
reduction of at least 50% [26].

In Poland there has been published only one study on rTMS in patients with ma-
jor depressive disorder. Zyss et al. have not found significant antidepressant efficacy 
of rTMS [27]. The detailed description of TMS studies conducted by researchers in 
Krakow is to find in comprehensive monograph [28].

There are examined strategies for improving the efficacy of TMS. They include 
bilateral sequential stimulation [29] and increased number of stimuli [30]. There are 
conducted studies with the use of coils allowing for deeper stimulation of brain cortex 
(deep transcranial magnetic stimulation-dTMS) [31]. In January 2013 FDA authorised 
dTMS device for treatment patients with pharmacoresistant depression. The results of 
multicentre trial on this method in aforementioned population have not been published 
in scientific press and are known only from manufacturer’s press release. There is also 
search for other places of stimulation e.g. prefrontal dorsomedial cortex [32]. Recently 
there have been began studies on TMS synchronized with individual alpha frequency 
(synchronized TMS – sTMS) in patients with major depressive disorder [33].

Schizophrenia

Due to the diverse clinical presentation of schizophrenia, research on therapeutic 
use of rTMS concentrated separately on positive symptoms (particularly auditory 
verbal hallucinations) and negative symptoms.

It is thought that occurrence of auditory hallucinations comes from hyperactivity 
in the left temporo-parietal cortex [34]. Stimulation of this area at frequency of 1 Hz 
turned out to be effective in reduction of frequency and intensity of auditory verbal 
hallucinations in treatment-resistant patients [8, 9]. The results of further studies are 
equivocal. Although in the most recent meta-analysis it was described that rTMS 
at frequency of 1 Hz applied at area mentioned above has significant efficacy, also 
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in population of treatment-resistant patients (most of the studies included treatment 
resistant patients) [35].

Reduced frontal activation observed in people with negative schizophrenia 
symptoms [36] became the basis for trials of application of high frequency rTMS 
at dorsolateral prefrontal cortex. Cohen et al. in their pilot study, demonstrated small 
reduction of negative symptoms after stimulation at frequency of 20 Hz at area C3 
and C4 according to 10-20 system (EEG) in six patients with chronic schizophrenia 
[37]. In the following two studies with the use of sequential bilateral stimulation real 
stimulation was not better than sham stimulation in reduction of negative symptoms 
[38, 39]. Given the results of currently available studies it seems that high frequency 
stimulation applied in left prefrontal cortex is the most effective approach towards 
negative symptoms of schizophrenia [40, 41]. However, the effect size in meta-analysis 
performed up to date indicate moderate or mild efficacy of this method. Although there 
has been preformed small number of research, the groups o participants were small 
and parameters of applied stimulation varied [41–43].

Obsessive-compulsive disorder

Although the aetiology and pathophysiology of obsessive-compulsive disorder 
(OCD) are not fully known, a growing evidence suggests that there are dysfunctions in 
the orbitofronto-striato-pallido-thalamic circuitry including the dorsolateral prefrontal 
cortex, orbitofrontal cortex, medial prefrontal cortex, anterior cingulate gyrus, supple-
mentary motor area and basal ganglia [44]. Greenberg et al. were first to use rTMS in 
patients with OCD in 1997. They administered high frequency stimulation to the left 
and right dorsolateral prefrontal cortex or to mid-occipital cortex. Compulsions were 
significantly decreased for eight hours after right side stimulation [45]. In the most 
recent meta-analysis including 10 randomized controlled trials with sham stimulation 
rTMS applied to dorsolateral prefrontal cortex did not cause significant improvement 
measured in Yale-Brown Obsessive Compulsive Scale (Y-BOCS) [46]. In contrast, 
results of trials on low frequency at orbitofrontal cortex and supplementary motor area 
are promising [46]. There are only few such studies and they include small number 
of patients [46–49].

Alzheimer’s disease

Numerous studies on rTMS effects on cognitive functions in healthy subjects 
were performed [50]. The discussion of these studies is beyond the scope of this 
paper. However, only few trials have been conducted in subjects with Alzheimer’s 
disease (AD). Cotelli et al. observed improvement in auditory sentence comprehen-
sion in patients with moderate AD after two weeks of high frequency rTMS applied 
to dorsolateral prefrontal cortex [51]. Ahmed et al. demonstrated that high frequency 
sequential bilateral stimulation during five consecutive days gave significantly bet-
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ter improvement than low frequency and sham stimulation in subjects with mild and 
moderate dementia [52]. The severity of symptoms was assessed using Mini Mental 
State Examination (MMSE), Instrumental Daily Living Activity Scale (IDLAS) and 
Geriatric Depression Scale (GDS). In an open label study Bentwich et al. investi-
gated the effects of rTMS together with cognitive training [53]. They applied high 
frequency stimulation in six distinct regions located with the aid of MRI: Broca’s area 
and Wernicke’s area (language functions), right and left dorsolateral prefrontal cortex 
(judgment, executive functions, and long-term memory) and right and left parietal 
somatosensory association cortex (spatial and topographical orientation and praxis). 
There was observed a significant improvement in Alzheimer’s Disease Assessment 
Scale-Cognitive (ADAS-Cog) after six weeks of treatment and four and half months 
of maintenance sessions. It may suggest that rTMS allow to restore brain functions 
and to recruit compensatory neuronal networks [54]. rTMS in combination with 
cognitive training may turn out to be promising and safe approach in helping people 
with Alzheimer’s disease [55].

Addiction

In neurobiological studies there was established association between the use of 
psychoactive substances and the development of addiction and increase in dopaminergic 
activity in the mesocorticolimbic system [56]. Chronic use of psychoactive substances 
is thought to dysregulate mesolimibic [57] and prefronto-striatothalamic systems [58]. 
During withdrawal dopaminergic activity is reduced and it is associated with increased 
craving and risk of relapse [59]. It was shown that stimulation of the prefrontal cortex 
increases dopamine concentration in the caudate nucleus [60]. It is possible that even 
such a transient increases in dopamine release may reduce levels of craving [61]. It is 
thought that stimulation may influence changes arising in the brain reward system due 
to chronic use of psychoactive substances, as well as improve inhibitory influence of 
prefrontal cortex on their use [62].

In a pilot study with randomization and sham stimulation Johann et al. investi-
gated if rTMS applied over left dorsolateral prefrontal cortex may influence tobacco 
craving [63, 64]. Its levels were assessed using a visual analogue scale. Participants 
who received real stimulation reported decreased levels of tobacco craving after single 
session which was the only part of the study. Following this study, Eichhammer et 
al. demonstrated decrease in the number of cigarettes smoked in six hours following 
rTMS session [65]. Amiaz et al. conducted a study including more participants, they 
applied ten sessions followed by one session per week during the next month, as 
well as exposure to smoking cues [66]. They observed that rTMS reduced cigarette 
consumption and levels of dependence, as well as craving induced by smoking cues, 
nevertheless the effect was not long-lasting.

In subjects with cocaine dependence Camprodon et al. found reduced cocaine 
craving after a single session of high frequency rTMS to the right dorsolateral pre-
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frontal cortex, but not to the left [67]. In other study including ten sessions of high 
frequency rTMS to the left dorsolateral prefrontal cortex gradual reduction of craving 
was observed [68].

Mishra et al. demonstrated reduction in alcohol craving as a result of ten high fre-
quency rTMS at right dorsolateral prefrontal cortex [69]. Herremans et al. examined 
the effect of a single high frequency rTMS session at right dorsolateral prefrontal 
cortex on alcohol craving just after the session (took place on Friday) and during the 
following weekend [70]. Reduction in alcohol craving was not observed. Maybe only 
one single session could not result in long-lasting changes [71].

Recapitulation

The most prominent data from clinical trials and everyday clinical practice is 
gathered for rTMS use in subjects with major depressive disorder. In this group of 
patients there is accepted protocol of treatment and guidelines.

Trials conducted in other groups of patients presented in this article were less 
numerous and smaller; the use of rTMS still has experimental character. In the ma-
jority of cases rTMS was applied as an add-on therapy to the ongoing unsatisfactory 
treatment. In all abovementioned groups of patients there is still search for the best 
regions for stimulation, most effective protocols of treatment as well as predictive fac-
tors of treatment response. There are also some trials on treatment of people with other 
psychiatric disorders than those mentioned above (e.g. eating disorders, posttraumatic 
stress disorder). There are ongoing multicentre trials on deep transcranial magnetic 
stimulation (dTMS) in various psychiatric disorders. Taking all these together, TMS 
may become very useful approach to the treatment of people with treatment resistant 
psychiatric disorders or not tolerating pharmacological treatment, but this issue surely 
needs further studies.

References

1. Barker AT, Jalinous R, Freeston IL. Non-invasive magnetic stimulation of human motor cortex. 
Lancet 1985; 1(8437): 1106–1107.

2. Fitzgerald PB, Fountain S, Daskalakis ZJ. A comprehensive review of the effects of rTMS on 
motor cortical excitability and inhibition. Clin. Neurophysiol. 2006; 117: 2584–2596.

3. Siebner HR, Rothwell J. Transcranial magnetic stimulation: new insights into representational 
cortical plasticity. Exp. Brain Res. 2003; 148(1): 1–16.

4. George MS, Post RM. Daily left prefrontal repetitive transcranial magnetic stimulation for 
acute treatment of medication-resistant depression. Am. J. Psychiatry 2011; 168(4): 356–364.

5. Höflich G, Kasper S, Hufnagel A, Ruhrmann S, Möller HJ. Application of transcranial mag-
netic stimulation in treatment of drug-resistant major depression – a report of two cases. Hum. 
Psychopharmacol. 1993; 8: 361–365



785Transcranial magnetic stimulation in treatment of various psychiatric disorders – review

6. George MS, Wassermann EM, Williams WA, Callahan A, Ketter TA, Basser P. et al. Daily re-
petitive transcranial magnetic stimulation (rTMS) improves mood in depression. Neuroreport 
1995; 6(14): 1853–1856.

7. Slotema CW, Blom JD, Hoek HW, Sommer IE. Should we expand the toolbox of psychiatric 
treatment methods to include repetitive transcranial magnetic stimulation (rTMS)? A meta-
analysis of the efficacy of rTMS in psychiatric disorders. J. Clin. Psychiatry 2010; 71(7): 873–884.

8. Hoffman RE, Boutros NN, Berman RM, Roessler E, Belger A, Krystal JH. et al. Transcranial 
magnetic stimulation of left temporoparietal cortex in three patients reporting hallucinated 
“voices”. Biol. Psychiatry 1999; 46: 130–132.

9. Hoffman RE, Boutros NN, Hu S, Berman RM, Krystal JH, Charney DS. Transcranial magnetic 
stimulation and auditory hallucinations in schizophrenia. Lancet 2000; 355(9209): 1073–1075.

10. George MS, Ketter TA, Post RM. Prefrontal cortex dysfunction in clinical depression. Depres-
sion 1994; 2(2): 59–72.

11. George MS, Wassermann EM. Rapid-rate transcranial magnetic stimulation (rTMS) and ECT. 
Convulsive Ther. 1994; 10: 251–253.

12. Zyss T. Stymulacja TMS w terapii depresji – problem miejsca stymulacji, czyli kilka słów 
o anatomii zaburzeń depresyjnych. Psychiatr. Pol. 2013; 47(1): 75–87.

13. Downar J, Daskalakis ZJ. New targets for rTMS in depression: A review of convergent evidence. 
Brain Stimul. 2013; 6(3): 231–240.

14. O’Reardon JP, Solvason Brent H, Janicak PG, Sampson S, Isenberg KE, Nahas Z. et al. Efficacy 
and safety of transcranial magnetic stimulation in the acute treatment of major depression: 
a multisite randomized controlled trial. Biol. Psychiatry 2007; 62: 1208–1216.

15. George MS, Lisanby SH, Avery D, McDonald WM, Durkalski V, Pavlicova M. et al. Daily left 
prefrontal transcranial magnetic stimulation therapy for major depressive disorder. Arch. Gen. 
Psychiatry 2010; 67(5): 507–516.

16. McDonald WM, Durkalski V, Ball ER, Holtzheimer PE, Pavlicova M, Lisanby SH. et al. 
Improving the antidepressant efficacy of transcranial magnetic stimulation: maximizing the 
number of stimulations and treatment localization in treatment resistant depression. Depress. 
Anxiety 2011; 28: 973–980.

17. Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, Warden D. et al. Acute 
and longer-term outcomes in depressed outpatients requiring one or several treatment steps: 
a STAR*D report. Am. J. Psychiatry 2006; 163: 1905–1917.

18. Zyss T. Przezczaszkowa stymulacja magnetyczna w terapii depresji – zagadnienia placebo 
i zapewnienie warunków ślepej próby, oraz inne problemy metodologiczne. Psychiatr. Pol. 
2011; 45(1): 117–134.

19. Carpenter LL, Janicak PG, Aaronson ST, Boyadjis T, Brock DG, Cook IA. et al. Transcranial 
magnetic stimulation (TMS) for major depression: a multisite, naturalistic, observational study 
of acute treatment outcomes in clinical practice. Depress. Anxiety 2012; 29: 587–596.

20. Connolly KR, Helmer A, Cristancho MA, Cristancho P, O’Reardon JP. Effectiveness of transcra-
nial magnetic stimulation in clinical practice post-FDA approval in the United States: results 
observed with the first 100 consecutive cases of depression at an academic medical center. J. 
Clin. Psychiatry 2012; 73(4): e567–e573.

21. Janicak PG, Nahas Z, Lisanby SH, Solvason HB, Sampson SM, McDonald WM. et al. Durability 
of clinical benefit with transcranial magnetic stimulation (TMS) in the treatment of pharma-



Anna Poleszczyk786

coresistant major depression: assessment of relapse during a 6-month, multisite, open-label 
study. Brain Stimul. 2010; 3: 187–199.

22. Fitzgerald PB, Grace N, Hoy KE, Bailey M, Daskalakis ZJ. An open label trial of clustered 
maintenance rTMS for patients with refractory depression. Brain Stimul. 2013; 6: 292–297.

23. Dolberg OT, Dannon PN, Schreiber S, Grunhaus L. Transcranial magnetic stimulation in patients 
with bipolar depression: a double blind, controlled study. Bipolar Disord. 2002; 2(supl. 1): 94–95.

24. Nahas Z, Kozel FA, Li X, Anderson B, George MS. Left prefrontal transcranial magnetic 
stimulation (TMS) treatment of depression in bipolar affective disorder: a pilot study of acute 
safety and efficacy. Bipolar Disord. 2003; 5: 40–47.

25. Tamas RL, Menkes D, El-Mallakh RS. Stimulating research: a prospective, randomised, double-
blind, sham-controlled study of slow transcranial magnetic stimulation in depressed bipolar 
patients. J. Neuropsychiatry Clin. Neurosci. 2007; 19: 198–199.

26. Dell’Osso B, Mundo E, D’Urso N, Pozzoli S, Buoli M, Ciabatti M. et al. Augmentative repeti-
tive navigated transcranial magnetic stimulation (rTMS) in drug-resistant bipolar depression. 
Bipolar Disord. 2009; 11: 76–81.

27. Zyss T, Zięba A, Dudek D, Datka W, Siwek M, Wróbel A. et al. Badania drugiej fazy nad skutecz-
nością i bezpieczeństwem długotrwałej powtarzalnej szybkoczęstotliwościowej przezczaszkowej 
stymulacji magnetycznej w terapii depresji. Acta Bio-Opt. Inf. Med. Biomed. Eng. 2011; 17(4).

28. Zyss T, Dudek D, Zięba A, Gorczyca P, Hese RT, Sieroń A. et al. Badania kliniczne nad za-
stosowaniem stymulacji TMS w terapii depresji. In: Zyss T. ed. Przezczaszkowa Stymulacja 
Magnetyczna: w poszukiwaniu nowej metody leczenia depresji. Krakow: Alfa Medica Press; 
2012. p. 262–438.

29. Fitzgerald PB, Hoy K, Gunewardene R, Slack C, Ibrahim S, Bailey M. et al. A randomized trial 
of unilateral and bilateral prefrontal cortex transcranial magnetic stimulation in treatmentre-
sistant major depression. Psychol. Med. 2010; 7: 1–10.

30. Holtzheimer PE, McDonald WM, Mufti M, Kelley ME, Quinn S, Corso G. et al. Accelerated 
repetitive transcranial magnetic stimulation for treatment-resistant depression. Depress. Anxi-
ety 2010; 27: 960–963.

31. Bersani FS, Minichino A, Enticott PG, Mazzarini L, Khan N, Antonacci G. et al. Deep tran-
scranial magnetic stimulation as a treatment for psychiatric disorders: A comprehensive review. 
Eur. Psychiatry 2013; 28(1): 30–39.

32. Salomons TV, Dunlop K, Kennedy SH, Flint A, Geraci J, Giacobbe P. et al. Resting-state 
cortico-thalamic-striatal connectivity predicts response to dorsomedial prefrontal rTMS in 
major depressive disorder. Neuropsychopharmacology 2014; 39(2): 488–498.

33. Jin Y, Phillips B. A pilot study of the use of EEG-based synchronized Transcranial Magnetic 
Stimulation (sTMS) for treatment of Major Depression. BMC Psychiatry 2014; 14: 13.

34. Silbersweig DA, Stern E, Frith C, Cahill C, Holmes A, Grootoonk S. et al. A functional neuro-
anatomy of hallucinations in schizophrenia. Nature 1995; 378: 176–179.

35. Slotema CW, Blom JD, van Lutterveld R, Hoek HW, Sommer IEC. Review of the efficacy of 
transcranial magnetic stimulation for auditory verbal hallucinations. Biol Psychiatry 2014; 
76(2): 101–110.

36. Hill K, Mann L, Laws KR, Stephenson CM, Nimmo-Smith I, McKenna PJ. Hypofrontality in 
schizophrenia: a meta-analysis of functional imaging studies. Acta Psychiatr. Scand. 2004; 
110(4): 243–256.



787Transcranial magnetic stimulation in treatment of various psychiatric disorders – review

37. Cohen E, Bernardo M, Masana J, Arrufat FJ, Navarro V, Valls-Solé. et al. Repetitive transcranial 
magnetic stimulation in the treatment of chronic negative schizophrenia: a pilot study. J. Neurol. 
Neurosurg. Psychiatry 1999; 67: 129–130.

38. Fitzgerald PB, Herring S, Hoy K, McQueen S, Segrave R, Kulkarni J. et al. A study of the ef-
fectiveness of bilateral transcranial magnetic stimulation in the treatment of negative symptoms 
of schizophrenia. Brain Stimul. 2008; 1(1): 27–32.

39. Barr MS, Farzan F, Tran LC, Fitzgerald PB, Daskalakis ZJ. A randomized controlled trial of 
sequentially bilateral prefrontal cortex repetitive transcranial magnetic stimulation in the treat-
ment of negative symptoms in schizophrenia. Brain Stimul. 2012; 5(3): 337–346.

40. Schneider AL, Schneider TL, Stark H. Repetitive transcranial magnetic stimulation (rTMS) as 
an augmentation treatment for the negative symptoms of schizophrenia: a 4-week randomized 
placebo controlled study. Brain Stimul. 2008; 1(2): 106–111.

41. Prikryl R, Prikrylova Kucerova H. Can repetitive transcranial magnetic stimulation be considered 
effective treatment option for negative symptoms of schizophrenia? J. ECT 2013; 29: 67–74.

42. Freitas C, Fregni F, Pascual-Leon A. Meta-analysis of the effects of repetitive transcranial 
magnetic stimulation (rTMS) on negative and positive symptoms in schizophrenia. Schizophr. 
Res. 2009; 108: 11–24.

43. Dlabac-de Lange JJ, Knegtering R, Aleman A. Repetitive transcranial magnetic stimulation 
for negative symptoms of schizophrenia: review and meta-analysis. J. Clin. Psychiatry 2010; 
71: 411–419.

44. Del Casale A, Kotzalidis GD, Rapinesi C, Serata D, Ambrosi E, Simonetti A. et al. Functional 
neuroimaging in obsessive-compulsive disorder. Neuropsychobiology 2011; 64: 61–85.

45. Greenberg BD, George MS, Martin JD, Benjamin J, Schlaepfer TE, Altemus M. et al. Effect 
of prefrontal repetitive transcranial magnetic stimulation in obsessive-compulsive disorder: 
a preliminary study. Am. J. Psychiatry 1997; 154: 867–869.

46. Berlim MT, Neufeld NH, Van den Eynde F. Repetitive transcranial magnetic stimulation (rTMS) 
for obsessive-compulsive disorder (OCD): An exploratory meta-analysis of randomized and 
sham-controlled trials. J. Psychiatr. Res. 2013; 47: 999–1006.

47. Ruffini C, Locatelli M, Lucca A, Benedetti F, Insacco C, Smeraldi E. Augmentation effect of 
repetitive transcranial magnetic stimulation over the orbitofrontal cortex in drug-resistant 
obsessive-compulsive disorder patients: a controlled investigation. Prim. Care Companion J. 
Clin. Psychiatry 2009; 11: 226–230.

48. Mantovani A, Simpson HB, Fallon BA, Rossi S, Lisanby SH. Randomised sham-controlled 
trial of repetitive transcranial magnetic stimulation in treatment-resistant obsessive-compulsive 
disorder. Int. J. Neuropsychopharmacol. 2010; 13: 217–227.

49. Gomes PV, Brasil-Neto JP, Allam N, Rodrigues de Souza E. A randomised, double-blind trial of 
repetitive transcranial magnetic stimulation in obsessive-compulsive disorder with three-month 
follow-up. J. Neuropsychiatry Clin. Neurosci. 2012; 24: 437–443.

50. Guse B, Falkai P, Wobrock T. Cognitive effects of high-frequency repetitive transcranial magnetic 
stimulation: a systematic review. J. Neural Transm. 2010; 117(1): 105–122.

51. Cotelli M, Calabria M, Manenti R, Rosini S, Zanetti O, Cappa SF. et al. Improved language 
performance in Alzheimer disease following brain stimulation. J. Neurol. Neurosurg. Psychiatry 
2011; 82: 794–797.



Anna Poleszczyk788

52. Ahmed MA, Darwish ES, Khedr EM, El Serogy YM, Ali YM. Effects of low versus high 
frequencies of repetitive transcranial magnetic stimulation on cognitive function and cortical 
excitability in Alzheimer ‘s dementia. J. Neurol. 2012; 259: 83–92.

53. Bentwich J, Dobronevsky E, Aichenbaum S, Shorer R, Peretz R, Khaigrekht M. et al. Beneficial 
effect of repetitive transcranial magnetic stimulation combined with cognitive training for the 
treatment of Alzheimer’s disease: a proof of concept study. J. Neural. Transm. 2011; 118: 463–471.

54. Rossi S, Rossini PM. TMS in cognitive plasticity and the potential for rehabilitation. Trends 
Cogn. Sci. 2004; 8(6): 273–279.

55. Nardone R, Bergmann J, Christova M, Caleri F, Tezzon F, Ladurner G. et al. Effect of transcra-
nial brain stimulation for the treatment of Alzheimer disease: a review. Int. J. Alzheimers Dis. 
2012; 2012: 687909.

56. Faltenstein M, See R. A neurocircuitry of addiction: an overview. Br. J. Pharmacol. 2008; 
154(2): 261–274.

57. Di Chiara G, Bassareo V, Fenu S, De Luca MA, Spina L, Cadoni C. et al. Dopamine and drug 
addiction: the nucleus accumbens shell connection. Neuropharmacology 2004; 47(supl. 1): 
227–241.

58. Goldstein RZ, Volkow ND. Drug addiction and its underlying neurobiological basis: neuro-
imaging evidence for the involvement of the frontal cortex. Am. J. Psychiatry 2002; 159(10): 
1642–1652.

59. Diana M, Spiga S, Acquas E. Persistent and reversible morphine withdrawal-induced morpho-
logical changes in the nucleus accumbens. Ann. N. Y. Acad. Sci. 2006; 1074: 446–457.

60. Strafella AP, Paus T, Barrett J, Dagher A. Repetitive transcranial magnetic stimulation of the 
human prefrontal cortex induces dopamine release in the caudate nucleus. J. Neurosci. 2001; 
21(15): RC157.

61. Blum K, Chen A, Chen T, Braverman E, Reinking J, Blum S. et al. Activation instead of blocking 
mesolimbic dopaminergic reward circuitry is a preferred modality in the long term treatment of 
reward deficiency treatment syndrome (RDS): a commentary. Theor. Biol. Med. Model. 2008; 
5(1): 24.

62. Feil J, Zangen A. Brain stimulation in the study and treatment of addiction. Neurosci. Biobehav. 
Rev. 2010; 34: 559–574.

63. Johann M, Wiegand R, Kharraz A, Bobbe G, Sommer G, Hajak G. et al. Transcranial magnetic 
stimulation for nicotine dependence. Psychiatr. Prax. 2003; 30: S129–S131.

64. Wing VC, Barr MS, Wass CE, Lipsman N, Lozano AM, Daskalakis ZJ. et al. Brain stimulation 
methods to treat tobacco addiction. Brain Stimul. 2013; 6: 221–230.

65. Eichhammer P, Johann M, Kharraz A, Binder H, Pittrow D, Wodarz N. et al. High-frequency 
repetitive transcranial magnetic stimulation decreases cigarette smoking. J. Clin. Psychiatry 
2003; 64(8): 951–953.

66. Amiaz R, Levy D, Vainiger D, Grunhaus L, Zangen A. Repeated high-frequency transcranial 
magnetic stimulation over dorsolateral prefrontal cortex reduces cigarette craving and con-
sumption. Addiction 2009; 104(4): 653–660.

67. Camprodon JA, Martinez-Raga J, Alonso-Alonso M, Shih MC, Pascual-Leone A. One session 
of high frequency repetitive transcranial magnetic stimulation (rTMS) to the right prefrontal 
cortex transiently reduces cocaine craving. Drug Alcohol Depend. 2007; 86(1): 91–94.



789Transcranial magnetic stimulation in treatment of various psychiatric disorders – review

68. Politi E, Fauci E, Santoro A, Smeraldi E. Daily sessions of transcranial magnetic stimulation to 
the left prefrontal cortex gradually reduce cocaine craving. Am. J. Addict. 2008; 17(4): 345–346.

69. Mishra BR, Nizamie SH, Das B, Praharaj SK. Efficacy of repetitive transcranial magnetic 
stimulation in alcohol dependence: a sham-controlled study. Addiction 2010; 105(1): 49–55.

70. Herremans SC, Baeken C, Vanderbruggen N, Vanderhasselt MA, Zeeuws D, Santermans L. et 
al. No influence of one right-sided prefrontal HF-rTMS session on alcohol craving in recently 
detoxified alcohol-dependent patients: results of naturalistic study. Drug Alcohol Depend. 
2012; 120(1–3): 209–213.

71. Nardone R, Bergmann J, Christova M, Lochner P, Tezzon F, Golaszewski S. et al. Non-invasive 
brain stimulation in the functional evaluation of alcohol effects and in the treatment of alcohol 
craving: a review. Neurosci. Res. 2012; 74: 169–176.

Address: Anna Poleszczyk
Second Department of Psychiatry
Institute of Psychiatry and Neurology
02-957 Warszawa, Sobieskiego Street 9


