Transcranial Magnetic Stimulation Reduces Auditory Hallucinations
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Transcranial magnetic stimulation (TMS), an experimental procedure with the potential to replace electroconvulsive therapy (ECT) for resistant depression (Grunhaus et al., 2000; Klein et al., 1999), now appears to reduce the severity of auditory hallucinations in patients with schizophrenia. 

In a letter to The Lancet, Ralph Hoffman, M.D., and colleagues at the Yale Psychiatric Institute reported having successfully reduced auditory hallucinations by focusing TMS pulses into a specific site in the cortex. In positron emission tomography (PET), this site of the cortex has been shown to have blood flow activation during hallucinations (Hoffman et al., 2000). 

The temporoparietal cortex had been determined by PET to be integral to perceiving spoken speech (Fiez et al., 1996) and implicated with generation of hallucinated speech (Silbersweig et al., 1995). Hoffman and colleagues therefore postulated that the regionalized TMS treatment, depolarizing neurons in this "auditory-linguistic association" cortical site, could interrupt the occurrence of auditory hallucinations. 

Hoffman et al. observed that, although auditory hallucinations are reported in 50% to 70% of patients with schizophrenia, "response to drug treatment is often incomplete or nonexistent, and these hallucinations can cause great distress, functional disability, and lack of behavioral control." 

The possibility that TMS might benefit symptoms of schizophrenia had little support in the scant research of the procedure in this population, although a growing body of evidence indicates its utility for depression. According to a recent review of studies of TMS in neuropsychiatry (George et al., 1999), one open clinical study in patients with schizophrenia resulted in reduced anxiety (Feinsod et al., 1998); some research showed slowed motor conduction (Puri et al., 1996); and three case reports of reduced auditory hallucinations were reported (Hoffman et al., 1998, as cited in George et al., 1999). In addition, "slightly improved" negative symptoms were found in a study of eight patients with prominent negative symptoms (Nahas et al., in press, as cited in George et al., 1999). 

Twelve patients with schizophrenia identified for Hoffman et al.'s study had experienced daily auditory hallucinations for at least six months without remission despite taking antipsychotic medication, which was continued throughout this study. Five of the 12 patients were also maintained on an antiepileptic/mood stabilizing medication (four on divalproex [Depakote] and one on carbamazepine [Tegretol]). 

An individualized composite scale was used to assess the severity of the auditory hallucinations, since the nature of these experiences varied between patients in such elements as frequency, loudness, content, number of voices, and the resulting level of distraction and emotional distress. The hallucination severity was ranked on a scale of 10, with zero indicating an absence of hallucinations and 10 corresponding to the patient's narrative description of hallucinations at the entrance to the study. A higher score was permitted during the study if the patient reported severity exceeding that at study baseline. 

The patients underwent a series of four procedures with repetitive TMS (rTMS) pulses of slow frequency (1Hz), at magnetic field intensity gauged at each procedure to not exceed 80% of the "motor threshold." This threshold was the minimum magnetic strength of a single TMS pulse to the motor cortex that activated the thenar muscle, as detected by electromyography. 

Slow frequency, sub-motor threshold rTMS is intended to minimize risk of seizure from the procedure. An additional safety measure was the gradual increasing of rTMS duration in ascertaining dose-response; from four minutes initially and four-minute increments for each subsequent procedure, to a 16-minute duration on the final. 

According to George et al., the adjustment of the TMS pulse strength below an individual's motor threshold in each procedure is based "on the unproven assumption that the seizure risk of rTMS over diverse brain areas is predicted by the threshold for a single TMS pulse to depolarize pyramidal neurons in the motor strip" (1999). The researchers suggest that more needs to be learned about how TMS can provoke seizures and the parameters for avoiding this adverse reaction while optimizing therapeutic effect. 

In Hoffman et al.'s double-blind, crossover design (2000), the patients also received a series of four sham procedures, commencing two to three days before or after the active treatment. The process of establishing a sham TMS control is complicated by the distinct sensation produced by the TMS pulse on the scalp. To effect this sensation without delivering the magnetic pulse into the brain, the magnetic stimulator a water-cooled, handheld figure-eight coil manufactured by Cadwell Laboratories was positioned identically to the active treatment, midway between the left temporal and left parietal electrode placement sites of an electroencephalogram. The stimulator was then angled 45 degrees away from the skull so the scalp, but not the brain, received the stimulation. The patients and clinicians remained blinded to a procedure being active or sham. 

The rTMS active treatment was effective in reducing severity of auditory hallucinations relative to the pretreatment baseline symptomatology, as well as to the level of symptoms during the sham procedure. The improvement was notable following 12 and 16 minutes of active rTMS treatment, but not at any point during sham stimulation. The investigators reported that all but one patient had lower hallucination severity after active treatment than after the sham procedure (Hoffman et al., 2000). Eight patients met responder criteria during active treatment, with an improved hallucination severity score of greater than one point. 

Interestingly, the one patient who did not experience relief of symptoms with rTMS, as well as those who demonstrated the least treatment effect, had been receiving antiepileptic medication during the study. Hoffman and colleagues raise the possibility that either the presence of these medications necessitate higher levels of rTMS for optimal effect, "or that symptoms prompting administration of anticonvulsant drugs (e.g., mood lability) are negative predictors of rTMS response." 

The rTMS series in this study was well tolerated, with only two complaints of mild headache after active treatment. There was no apparent effect of the series on other positive or negative symptoms, according to the investigators; they did not indicate their method for this assessment. In the follow-up of the eight patients who responded most strongly to treatment, the severity of two patients' auditory hallucinations returned to approximate baseline levels in one day, and two patients' levels returned to baseline in four days. The researchers reported one patient responded at each of the following time points: five days, two weeks, three weeks and two months. 

In correspondence with Psychiatric Times, George characterized this study of the effects of rTMS on auditory hallucinations as "interesting and provocative." He pointed out, however, the need for the study to be replicated by a different research group before the results could be generally accepted. George also noted that this study "relies on a subjective measure of hallucinations." 

Further, he observed, "Fundamentally, we have no good understanding of what TMS applied like this is doing, and we do not understand the neurobiology of hallucinations." 

Hoffman et al. (2000) acknowledged that the variability of response to rTMS may reflect such factors as individual differences in the anatomical location of speech processing and variable locations of cortical activation of auditory hallucinations. Despite the questions that remain about the mechanisms of action of rTMS-and of ECT for that matter-the results of this study delineate a site of action for interrupting this common symptom of schizophrenia. 
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