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At present, Transcranial magnetic stimulation (TMS) is an intriguing technique, of psychiatric research. It can elicit regionally-specific, predictable functional brain activity. 

TMS began to be used as a diagnostic, therapeutic and research tool in different psychiatric disorders. In this paper we try to review its mechanism of action and its benefit in neurotic, schizophrenic and affective disorders.
Introduction 

The recording and application of electrical energy to the human brain for research, diagnostic and therapeutic purposes has been closely associated with psychiatry during this century. Berger, first recorded electrical activity from the human brain in 1929, and the field of evoked potentials has continued to progress since the introduction of signal averaging by Davson in 1949. As electricity and magnetism are closely related, technical advances have allowed the uses of magnetism in psychiatry. 

  

How Does It work? 

One hundred years ago, d’Arsonval first demonstrated that by passing electrical 

currents through a coil surrounding the head, a changing magnetic field can stimulate excitable human tissue. The resulting effects included vertigo, occasional syncope, bright spots in the visual field and muscular contraction. The spots in the visual field suggest stimulation of the retina or visual cortex, while muscular contractions probably resulted from stimulation of the motor cortex (Barker, 1976; Barker, Jalinous & Frecston, 1985). 

The current induced in the brain is about 1/100,000 the size of the inducing current. 

The energy used with TMS is around a million times smaller than that used for a stimulus delivered with ECT (Greenberg. George & Wasserman et al., 1995). The total energy delivered to the brain to cause depolarisation is around 0.1% of the basal metabolic rate of the brain itself. The amount of energy imparted by standard TMS to small metallic objects that may be found in the head such as aneurysm clips, is exceedingly small and does not cause any danger (Cadwell, 1990). 

  

TMS in Different Psychiatric Disorders 

TMS has begun to be used in the diagnosis of conversion disorder. Jellinek et al, (1992) described a case of presumed hysterical paraplegia precipitated by spinal injury in a patient with a previous history of surgery for scoliosis. Motor evoked potentials were elicited with TMS 12 days after injury and were within normal limits. The presence of normal motor electro-physiology and the observation by the patient of involuntary movements of his lower limbs during TMS clinched the diagnosis and facilitated the management. It has also been suggested that repetitive TMS could provide a safer alternative to ECT. 

Greenbey et al. (1995) administered repetitive TMS on different days and over different prefrontal sites to patients with obsessive compulsive disorder (OCD) and normal controls. Preliminary evidence suggested that left prefrontal TMS could improve OCD, while right prefrontal TMS could worsen anxiety in some OCD patients. 

Schizophrenia 

Motor deficits are an important but neglected feature of schizophrenia. They include abnormal movements, abnormalities of grip strength and finger dexterity, abnormalities of precision grip and gait, generalised incoordination and clumsiness and impaired psychomotor activity. In addition to the somatic motor deficits, eye movements, subserved by separate
dopaminergic loops, have been found to be abnormal in schizophrenia. Abnormal movements have been reported in patients. 

Delayed motor milestones have been reported in pre-schizophrenic children and the presence of tics and unwanted movements is increased 15-fold in childhood. 

The bases of these motor disturbances in schizophrenia may be a problem in high-level processing, a copy of the message sent out to effecters in feed back centrally for comparison. This second signal has been referred to as corollary discharge, which has been suggested to be disrupted in schizophrenia. Furthermore, if corollary discharge plays any part in the mechanisms of thought it could help to account for symptoms such as delusions of passivity seen in this disorder. 

In this view, it has been argued that positive and negative symptoms may neglect different kinds of faults in a system that monitors actions centrally, namely a failure to correctly monitor (in the case of positive symptoms) to form (in the case of negative symptoms) intentions of will. 

Thus, TMS is an ideal non-invasive method with which to investigate the psycho-physiology of corticospinal control of movement. The large diameter of pyramidal tract neurones, the origins of which lie in the motor cortex, makes them comparatively accessible to the brief (100 Us.) stimuli produced by the magnetic stimulator (Amassian, Eberle & Maccabee et al., 1992). 

In the first study of motor function in schizophrenia using TMS, the latency of compound motor evoked potentials following TMS applied to the motor cortex was found to be significantly shorter in schizophrenic patients compared with normal controls. Puri et al, (1996) explained their results by any of the following possibilities. One possibility is that there may be a relative lack of corticospinal inhibition in schizophrenic patients compared with normal controls. A second possibility is that TMS activates corticospinal nurones directly rather than presynaptically in schizophrenia. The final possibility is that there may be an abnormality of peripheral nerve or neuro-muscular function in schizophrenia. 

  

Affective disorders 

Although most agree that the pathologial states of depression and mania are brain based (George, Ketter & Post, 1993; 1994), relatively little is known about the precise regions, that are important in inducing and regulating normal mood and whether these are also involved in producing affective illness. Early in this century, Papez (1937) and Maclean (1990) formulated the concept of the limbic loop and made the association between this primitive part of the brain and human emotion. More information about the functional neuro-anatomy of emotion has been obtained from patients with strokes, multiple sclerosis, or other destructive lesions in the frontal or temporal lobes, who then developed depression or mania (Starkstein, Fedoroff & berthier et al., 1991). Recently, new technologies have emerged, such as positron emission tomography (PET), single photon emission computed tomography (SPECT) and functional magnetic resonance imaging (MRI) which can probe the functional neuro-anatomy of affective illness and the normal regulation of human emotion. 

George et al, (1995) employed PET to delineate the neuro-anatomic regions involved in experiencing different emotions. 

They raised the question of whether functional brain changes associated with clinical depression are similar to those that accompany transient sadness in normal subjects. Transient sadness and clinical depression may be related to the same neuro-biological substrates, but to a different degree of sensitivity or persistence or might occupy different substrates with or without overlap. They demonstrated that transient sadness is accompanied by significant increase in regional cerebral blood flow (CBF) in widespread limbic and paralimbic structures. During transient happiness there is a significant widespread decrease in CBF in bilateral temporal, parietal and right frontal cortex. PET studies conducted during the resting state for depressed subjects have found prefrontal lobe hypoactivity which tends to return to normal between episodes of clinical depression (Lummings, 1993). 

On interpreting these finding one should remember that demonstrating an association between regional brain activity and a transient emotional state is not necessarily the same as saying that a specific brain region and an emotional state are causally linked (Goldman-Rakic, 1988). For example, one might be more attentive during a sad state and activate, indirectly, brain regions involved in attention. Further studies using TMS were suggested which could cause ‘temporary lesions’ and the effects on emotional state could thenbe measured, thereby implying a tighter causal connection (Puri and Lewis, 1996). 

  

Future Perspectives 

Imaging with PET and SPECT show abnormalities in lined systems of cortical activity in psychiatric disorders. These abnormalities seem to parallel symptom clusters such as hallucinations. However, functional abnormalities are detected in the absence of a prior hypothesis. TMS might offer a second stage test of these hypotheses by stimulating those cortical regions implicated in symptom production in patient volunteers. 

For instance, if subjects prone to hallucinations have an altered brain activity in the supplementary motor area and the middle temporal gyrus, TMS over these regions can switch on hallucinations, while in other regions it would fail to do so. 

  

References 

Amissian VE, Eberle L & Maccabee PJ et al, (1992): Modeling magnetic coil excitation of human cerebral cortex with a peripheral nerve immersed in a brain shaped volume conductor. Electra-encephalo-graphy and Clinical Nemo-physiology; 85:291-301. 

  

Barker AT, (1976): Determination of the distribution of conduction velocities in human nerve trunks. Ph D thesis. Sheffield: University of Sheffield. 

  

Barker AT, Jalinous R & Frecston IL, (1985): Non-invasive magnetic stimulation of human motor cortex (letter) Lancet: 1:1106-1107. 

  

Cadwell J, (1990): Principles of magnetoelectric sttmulation. In Magnetic Stimulation in Clinical Neurophysiology (ed.s. Chokroverty): pp. 13 -32. Boston: Bulterworths. 

  

George MS, Ketter TA & Parekh PI et al, (1995): Brain activity during transient sadness and happiness in healthy women. American Journal of Psychiatry: 152:3, 341-351 

  

George MS, Ketter TA & Post RM, (1993): SPECT and PET imaging in mood disorders. Journal of Clinical Psychiatry; 54:6- 13. 

  

George MS, Ketter TA 8: Post RM, (1994): Brain imaging in mania, Edited by Goodnick PJ. Washington . DC, Amertcan Psychiatric Press. 

  

Goldman-Rakic PS, (1988): Topography of cognition: paralled distributed networks in primate association cortex. Annual Review Neuroscience; 11: 137-156. 

  

Greenberg BD, George MS & Wasserman E et al, (1995): Repetitive Transcranial magnetic stimulation (TMS) of prefrontal cortex. Mood and anxiety effects in health and disease (abstract). Journal of Neuro-physiolgoy and clinical Neurosciences: 7:p 15. 

  

Jellinek DA, Bradford R & Bailey I et al, (1992): The role of motor evoked potenttals in the management of hysterical paraplegia. Case report. Paraplegia; 30: 300-302. 

  

Lummings JL, (1993): The neuro-anatomy of depression Journal of Clinical Psychiatry; 54 (suppl.): 14-20. 

  

Maclean PD, (1990): The Truine Brain in Evolution. Role in Paleocerebral Functions. New York: Plenum. 

  

Papez TW, (1937): A proposed mechanism of emotion Archives of Neurology and Psychiatry; 38: 725-743. 

  

Puri BK and Lewis HS, (1996): Transcranial Managetic Stimulation in Psychiatric Research. British Journal of Psychiatry; 169:675-679. 

  

Puri BK, Davey NJ, Ellaway PH & Lewis SW, (1996): An investigation of motor function in schizophrenia using Transcranial Magnetic Stimulation of the motor cortex. British Journal of Psychiatry: 169:690-695. 

  

Starkstein SE, Fedoroff P & Berthier ML et al, (1991): Manic-Depressive and pure manic states after brain lesions. Biological Psychiatry: 29: 149-158. 

  



Author correspondence: 

Nahla El Sayed, MD; 

Lecturer in Psychiatry, Institute of Psychiatry
Ain Shams University, Abbassia, P.O.Box 22 Deir El-Malak, Cairo 11657, Egypt.
