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abSTraCT

Background The Alice in Wonderland syndrome (AIWS) is a rare cluster of CNS 

symptoms characterized by visual distortions (i.e., metamorphopsias), body image dis-

tortions, time distortions, and déjà experiences. Verbal auditory hallucinations (VAHs) 

are the most prevalent type of hallucination in adults with or without a history of 

psychiatric illness. We report the case of a woman with an AIWS, long-lasting VAHs, 

and various additional perceptual and mood symptoms. Methods Semi-structured 

interviews were used to assess symptoms, and functional magnetic resonance imaging 

(fMRI) was employed to localize cerebral activity during self-reported VAHs. Treat-

ment consisted of repetitive transcranial magnetic stimulation (rTMS) at a frequency 

of 1 Hz at T3P3, overlying Brodmann’s area 40. Results Activation during VAH 

experience was observed bilaterally in the basal ganglia, primary auditory cortex, asso-

ciation auditory cortex, temporal poles and the anterior cingulated gyrus. The left and 

right inferior frontal gyri (Broca’s area and its contralateral homologue) were involved, 

along with dorsolateral prefrontal cortex. Interestingly, synchronized activation was 

observed in the primary visual cortex (areas V1 and V2), and bilateral dorsal visual 

cortex. Higher visual association cortex also showed significant, but less prominent 

activation. During the second week of rTMS treatment, not only the VAHs, but also 

the other sensory deceptions and distortions and mood symptoms showed complete 

remission. The patient remained free of any symptoms during a four-month follow-up 

phase. After 8 months, when many of the original symptoms had returned, a second 

treatment phase with rTMS was again followed by complete remission. Conclusions 

This case indicates that VAHs and metamorphopsias in AIWS are associated with 

synchronized activation in both auditory and visual cortices. It also indicates that local 

rTMS treatment may have global therapeutic effects, suggesting an effect on multiple 

brain regions in a distributed network. Although a placebo effect cannot be ruled out, 

this case warrants further investigation of the effects of rTMS treatment in AIWS.
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1.	 baCkgrOuNd

1.1	 The	alice	in	wonderland	syndrome

The Alice in Wonderland syndrome (AIWS) constitutes a rare cluster of CNS 

symptoms characterized by visual distortions (i.e., metamorphopsias), body image 

distortions, time distortions, and déjà experiences. The term refers to the protago-

nist of Lewis Carroll’s Alice’s Adventures in Wonderland. It was introduced into the 

biomedical literature in 1955 as ‘the syndrome of Alice in Wonderland’ by the British 

psychiatrist John Todd (1914-1987), who was inspired by Coleman’s earlier descrip-

tion of a woman who “like Alice in Wonderland” would “sometimes feel that she was 

shorter, sometimes that she was taller than she used to be.“ 1,2. Todd employed the term 

syndrome of Alice in Wonderland to denote a rare group of symptoms that includes 

subjective feelings such as derealization, depersonalization, and somatopsychic dual-

ity, as well as perceptual symptoms such as illusory changes in the size, distance, or 

position of stationary objects in the visual field (i.e., metamorphopsias such as microp-

sia, macropsia, macroproxiopia, microtelepsia, teleopsia, porropsia, and plagiopsia), 

illusory feelings of levitation, and illusory alterations in the passage of time (i.e., the 

quick-motion phenomenon and other types of time distortion). Todd also included 

hyposchematia and hyperschematia, i.e., an underestimation or exaggeration of the 

space occupied by some part of the body, associated with neglect and right-hemispheric 

lesions. As he observed, the nature of these symptoms suggested that the parietal lobe 

may be involved in their mediation. Today many of the body schema illusions (such as 

kinaesthetic hallucinations, proprioceptive hallucinations, microsomatognosia, macro-

somatognosia, splitting of the body image, aschematia, and the illusory displacement of 

limbs) are also included in the operational definition of the AIWS 3,4. As already noted 

by Todd, there are few examples of the complete AIWS to be found in the literature. 

Even today most reports are concerned with one or several symptoms occurring in 

association with migraine aura, psychic aura, temporal lobe epilepsy, frontal lobe 

epilepsy, cerebral lesions, delirium of fever, hypnagogic or hypnopompic states, acute 

labyrinthine vertigo, a clinical diagnosis of schizophrenia, or a history of psychoactive 

substance abuse (notably the use of hallucinogens such as dextromethorphan, LSD, 

and mescaline) 1,5,6,7,8. A few case reports exist of the AIWS in association with depres-

sion, bipolar disorder, and obsessive-compulsive disorder 9,10. In the pediatric literature, 

the symptoms of the AIWS are mentioned chiefly as early signs of a viral infection 

such as mononucleosis infection, Epstein-Barr virus infection, and Coxsackie virus B1 

infection 10,11,12,13. The pathophysiology of the AIWS is largely unknown. The prognosis 

is usually good. Depending on the underlying condition, remission tends to take place - 

often spontaneously - within several hours to days. A protracted duration of the AIWS 

is considered indicative of a structural parietal lobe lesion or a focal epileptic state 14.
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1.2	 Verbal	auditory	hallucinations

Verbal auditory hallucinations (VAHs) are the most prevalent type of hallucination 

in adults with or without a history of psychiatric illness 15. Traditionally, VAHs are 

associated primarily with psychotic disorders such as schizophrenia, but they also 

occur in the context of other psychiatric conditions, such as bipolar disorder, depres-

sive disorder, dissociative identity disorder and borderline personality disorder. VAHs 

may also occur in various forms of neurodegenerative disorder, such as Alzheimer’s 

disease, Lewy Body Dementia, Parkinson’s disease, and Huntington’s disease. They 

often accompany metabolic syndromes such as thyroid disease, delirium, delirium 

tremens, alcoholic hallucinosis, and substance abuse, and may occur as a side effect of 

pharmacological intervention. Moreover, VAHs are found in narcolepsy, epileptic aura, 

and the twilight state. The recent occurrence of VAHs is reported by 10 to 15 per cent 

of all individuals in the general population 16.

In this paper we present the case of a patient with a protracted AIWS and VAHs 

which responded favourably to repetitive transcranial magnetic stimulation (rTMS) at 

the temporoparietal junction.

2.	 METhOdS

2.1	 Subject

Patient A (fictitious initial, for ‘Alice’) was recruited in the context of an imaging study 

carried out by the Parnassia Bavo Group (PBG) and the University Medical Centre 

Utrecht (UMCU) in the Netherlands among individuals with a schizophrenia spec-

trum disorder and VAHs 17,18. The study was designed to obtain functional magnetic 

resonance imaging (fMRI) data during episodes of VAH activity, and to employ the 

ensuing cerebral activation maps for an experimental treatment with rTMS. On the 

day of scanning, the Positive and Negative Syndrome Scale (PANSS) 19 was used to 

assess the current symptomatology. Detailed characteristics of the VAHs were assessed 

with the PSYRATS Auditory Hallucinations Rating Scale (AHRS) 20, and the Halluci-

nation Differentiation List (HDL), a semi-structured interview developed at the PBG. 

All clinical ratings were performed by trained interviewers. The study was approved by 

the Humans Ethics Committee of the UMCU. After complete description of the study 

to the subjects, written informed consent was obtained.

2.2	 Experimental	design	and	data	acquisition

Imaging was carried out on a Philips Achieva 3 Tesla Clinical MRI scanner. Eight 

hundred blood-oxygenation-level-dependent (BOLD) fMRI images were acquired 

with the following parameter settings: 40 (coronal) slices, TR/TE 21.75/32.4 msec, 
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flip angle 10°, FOV 224x256x160, matrix 64x64x40, and voxel size 4 mm isotropic. 

This scan sequence achieves full brain coverage within 609 msec by combining a 3D-

PRESTO pulse sequence with parallel imaging (SENSE) in two directions, using a 

commercial 8-channel SENSE headcoil 21. After completion of the functional scans, a 

high-resolution anatomical scan, with parameters TR/TE: 9.86/4.6 msec, 1x1x1 voxels, 

and flip angle 8°, was acquired to improve localisation of the functional data. Scanning 

time for functional imaging was 8 min and 7.2 sec, and 8 min for structural scanning. 

In their right hand, the subjects held an fMRI compatible balloon (custom-designed 

for studying hallucinatory activity) which they were required to press at the onset of 

VAHs (onset of “HALLUCINATION” condition), and to release at the termination of 

each hallucinatory episode (onset of “REST” condition). The onset times and duration 

of the balloon presses were recorded, and employed as the basis for model fitting (see 

below).

2.3	 fMri	data	analysis

The functional data set of patient A was analyzed using FEAT (FMRI Expert Analysis 

Tool) Version 5.98, a part of FSL (FMRIB’s Software Library, www.fmrib.ox.ac.uk/

fsl). The first 3 volumes of the data set were discarded to account for T1-saturation 

effects. The following pre-processing was carried out: non-brain removal, motion cor-

rection, and spatial smoothing using a Gaussian kernel of FWHM 8 mm, mean-based 

intensity normalization of all volumes by the same factor, and high and low pass (100 

sec, sigma = 50 sec) temporal filtering 22,23. Functional neuroimages were coregistered 

to the structural image. Coregistration was carried out using FLIRT, an intermodal 

registration tool based on the correlation ratio 22,24.

The PRESTO data used in the current study contain a .41 Hz noise artifact as a re-

sult of gradient coil wear and tear. This problem was accounted for using a noise model 

containing 3 separate regressors to code for the artifact. Time-series statistical analysis 

was carried out using FILM with local autocorrelation correction 25 on a voxel-wise 

basis on the 4D time series of patient A. Model fitting with local autocorrelation cor-

rection generated whole brain (contrast) images in native space of parameter estimates 

and corresponding variance, representing average signal change during hallucination 

conditions versus ‘rest’ conditions. Images were thresholded using clusters determined 

by Z >2.3, and a corrected cluster significance threshold of p = .05, based on Gaussian 

random field theory 26.
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3.	 CaSE	dESCriPTiON

Patient A, a 36-year-old, right-handed woman, was referred to the Psychosis Depart-

ment of the PBG because of an increase of psychotic symptoms. Over the past five years 

she had been diagnosed successively with borderline personality disorder, cannabis 

abuse, cocaine abuse (both in remission for the past two years), psychotic disorder 

not otherwise specified, and attention-deficit/hyperactivity disorder (ADHD). She 

had no history of somatic disease, and at the time of presentation she had been free 

from any drug or alcohol abuse for over a year. The prescribed medication consisted of 

olanzapine 20 mg/day, paroxetine 20 mg/day, methylphenidate (Ritalin®) 10 mg twice 

a day, methylphenidate (Concerta®) 72 mg/day, and oxazepam 10 mg three times a day. 

Patient A presented with the introductory remark that thanks to the methylphenidate 

her ADHD symptoms were under control, and that her main problem now consisted 

of a variety of perceptual symptoms which had aggravated upon the termination of 

her relationship one year ago. These perceptual symptoms included VAHs which had 

been present for five years, consisting of three different voices experienced as coming 

from inside the head (internal auditory hallucinations). The voices tended to speak 

alternately, while a second voice sometimes laughed in the background. Patient A de-

scribed the content of the hallucinated propositional remarks as “sometimes positive, 

sometimes negative, but on the whole not too bright”. The voices often ridiculed her, 

and gave her incentives and commands. Secondly, patient A occasionally experienced 

foul odours, especially of feces, in the absence of an apparent source (olfactory hallu-

cinations, cacosmia). Thirdly, she described an intuitive feeling of a ‘presence’, which 

made her conjecture that she might be followed around by several ghosts (sensed 

presence with secondary delusions). Sometimes this intuitive feeling developed into 

a tactile sensation on the skin of the neck, as if it were touched by a breeze, or as if 

two hands were folding around it (tactile hallucinations). Occasionally, she had the 

impression of actually seeing a ghost, in the form of a dark silhouette in the central 

part of the visual field (cognitive illusion). This sensation occurred mostly at dusk, and 

lasted no longer than a second. In bed, at night, the experience of a sensed presence 

was sometimes accompanied by hallucinoid experiences such as a touch in the ribs, or 

the feeling of waking up in a paralyzed state with a creature sitting heavily on the chest 

(incubus phenomenon). The latter experience was accompanied by intense feelings 

of fear, and aggravated by the sleep paralysis and the inability to scream and breathe. 

In the fourth place, patient A suffered from two types of metamorphopsia which she 

experienced while awake and with a clear sensorium. They were a regularly recurring 

phenomenon in which stationary objects appeared to be moving away from her (por-

ropsia, dysmetropsia), and the recurring impression that the rooftops of buildings in 

her environment became higher and lower in a jerkily fashion (interpreted by us as a 
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variant of the autokinetic effect). These metamorphopsias had been present for about 

a year. Finally, patient A described regularly recurring feelings of déjà vu, and a single 

experience in which her body appeared to take on a miniature format (whole body 

microsomatognosia).

In addition to these sensory deceptions and distortions, psychiatric examination 

indicated a severely depressed mood with anhedonia, general anxiety, decreased atten-

tion and ability to concentrate, and sleep disturbances. General physical examination, 

neurological examination, and extensive blood testing revealed no abnormalities. 

Electroencephalography (EEG) showed a regular pattern, and structural MRI gave no 

indication of focal CNS pathology. On the basis of these findings it was concluded that 

patient A met the DSM-IV criteria of schizoaffective disorder, even though she also 

fulfilled the criteria of at least three additional - but hierarchically lower-ranking - syn-

dromes: parasomnia not otherwise specified (with classic nightmares), substance abuse 

in remission, and an Alice in Wonderland syndrome. Whether she also met the criteria 

of ADHD was uncertain at the time of examination, although patient A insisted that 

without the use of methylphenidate the disorder’s symptoms would return within a 

few days.

4.	 rESulTS	Of	fMri	aNd	rTMS	TrEaTMENT

General statistics of patient A’s VAHs are shown in Tab. 1. Model-based analysis of the 

fMRI data revealed significant brain activation in several cortical and subcortical areas 

(see Fig. 1, red areas, and Tab. 2, locations). Apart from left motor cortex and accompa-

nying contralateral cerebellar activation, which were expected because of the balloon 

presses and releases, activation was observed bilaterally in the basal ganglia, primary 

auditory cortex, association auditory cortex, temporal poles (superior temporal gyri), 

and the anterior cingulate gyrus. Left and right superior, middle and inferior frontal 

gyri (Broca’s area and its contralateral homologue) were also involved, along with bi-

lateral dorsolateral prefrontal cortex (superior frontal gyri). Additional activation was 

observed in posterior cerebral regions including the primary visual cortex, occipital 

fusiform gyrus, and cuneus. Higher visual association cortex showed less prominent 

activation. Only little deactivation was observed (see Fig. 1).

Table 1 – VAHs as perceived by patient A

Total number Avg. Duration SD Frequency Content

19 5.34s 5.21s 2.3 / min Negative
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The rTMS treatment was directed at the temporoparietal junction, located at T3P3 

(based on the international 10-20 system for placement of EEG electrodes) for five days 

a week, 20 minutes a day, for three consecutive weeks. In an effort to reduce the fre-

quency and severity of the VAHs, rTMS was given at a frequency of 1 Hz. Meanwhile, 

the prescribed medication was continued. During the first week of rTMS treatment, 

not only the VAHs, but also the other sensory deceptions and distortions receded into 

the background, and during week 2 they vanished completely. The AHRS scores of the 

PSYRATS dropped from 2-4 at baseline to 0 in week 3, and the PANSS hallucination 

score dropped from 5 at baseline to 0 in week 3. There were no side effects of the rTMS 

treatment. During a four-month follow-up phase, all rates remained 0. The depressive 

symptoms also disappeared, and patient A’s ability to focus and concentrate on daily 

activities was fully restored. After four months the depressive symptoms returned, 

and after eight months the VAHs returned. When patient A was treated a second time 

with rTMS, under similar conditions, but for a duration of 5 days, once again all of her 

symptoms went into remission.

Figure 1 – Brain activation during reported verbal auditory hallucinations
Effects are shown at Z > 2.3, cluster corrected at Z > 2.3. The gray bar shows time series of hallucinations 
(light grey vertical stripes) versus rest periods (dark grey periods). The red line denotes typical (modeled) 
signal intensity changes during verbal auditory hallucinations (see table 1 for general statistics of hallucina-
tions; see table 2 for locations of the effects). Left in the image is right in the brain, and vice versa. Top left: 
brain stem and lower brain areas. Bottom right: upper brain areas. Most effects involve brain activation (red 
areas). Only a little deactivation is observed (blue areas).
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Table 2 – Talairach coordinates and anatomical locations of local maxima of brain activation during VAHs 
in patient A

Z-score X Y Z Level 1 Level 2 Level 3 Level 4

9.07 -53.1 -21.4 34.8 Left Cerebrum Parietal Lobe Postcentral Gyrus BA 2

8.96 -56.1 -10.4 43 Left Cerebrum Parietal Lobe Postcentral Gyrus BA 3

8.7 -34.9 -22.1 70.6 Left Cerebrum Frontal Lobe Precentral Gyrus BA 4

8.67 -57.5 -28.6 43.2 Left Cerebrum Parietal Lobe Postcentral Gyrus BA 2

7.71 -50.6 -17.9 11.5 Left Cerebrum Temporal Lobe Transverse Temporal Gyrus BA 41

7.36 1.75 9.87 33.4 Right Cerebrum Limbic Lobe Cingulate Gyrus BA 24

7.21 8.16 9.02 49.1 Right Cerebrum Frontal Lobe Superior Frontal Gyrus BA 6

6.75 -4.75 -3.85 71.4 Left Cerebrum Frontal Lobe Superior Frontal Gyrus BA 6

5.92 -3.72 -6.9 39.3 Left Cerebrum Limbic Lobe Cingulate Gyrus BA 24

7.64 32 -60.3 -32.4 Right Cerebellum Posterior Lobe Cerebellar Tonsil *

7.25 14.7 -53 -21 Right Cerebellum Anterior Lobe * Dentate

5.43 1.73 -54.4 -7.61 Right Cerebellum Anterior Lobe Culmen *

7.24 55.2 10.3 -2.42 Right Cerebrum Temporal Lobe Superior Temporal Gyrus BA 22

7.12 56.9 9.66 14 Right Cerebrum Frontal Lobe Inferior Frontal Gyrus BA 44

9.44 -50.3 13.6 -9.02 Left Cerebrum Temporal Lobe Superior Temporal Gyrus BA 38

6.37 -35.8 -65.7 -36.8 Left Cerebellum Posterior Lobe Inferior Semi-Lunar Lobule *

6.97 54.4 6.1 37.3 Right Cerebrum Frontal Lobe Middle Frontal Gyrus BA 6

5.42 3.13 -87.8 -14.2 Right Cerebrum Occipital Lobe Lingual Gyrus BA 18

5.85 -69.3 -28.7 23.1 Left Cerebrum Parietal Lobe Inferior Parietal Lobule BA 40

5.15 -65.9 -31.3 12.4 Left Cerebrum Temporal Lobe Superior Temporal Gyrus BA 42

6.15 -34.6 48.2 22 Left Cerebrum Frontal Lobe Superior Frontal Gyrus BA 10

5.53 61.9 -20.9 38.8 Right Cerebrum Parietal Lobe Postcentral Gyrus BA 3

5.45 58.9 -22.5 12.4 Right Cerebrum Temporal Lobe Superior Temporal Gyrus BA 41

5.08 -25 -9.77 65.4 Left Cerebrum Frontal Lobe Precentral Gyrus BA 6

6.47 32.4 52.4 21.4 Right Cerebrum Frontal Lobe Superior Frontal Gyrus BA 10

5.22 41 22.4 -9.34 Right Cerebrum Frontal Lobe Inferior Frontal Gyrus BA 47

5.08 62.8 -27 51.5 Right Cerebrum Parietal Lobe Postcentral Gyrus BA 2

5.13 63.9 -30 19.3 Right Cerebrum Temporal Lobe Superior Temporal Gyrus BA 42

5.09 2.09 -84.7 17.9 Right Cerebrum Occipital Lobe Cuneus BA 18

5.05 -0.667 -93.7 -0.909 Left Cerebrum Occipital Lobe Cuneus BA 17

5.1 21.9 -88.5 -16.9 Right Cerebrum Occipital Lobe Fusiform Gyrus BA 18

Z-scores, Talairach coordinates, and anatomical locations of local maxima of brain activation during verbal 
auditory hallucinations in patient A. Effects are cluster corrected using a cluster significance threshold of Z > 
2.3. Effects are shown at Z > 2.3. See also Fig. 1.
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5.	 diSCuSSiON

Our patient experienced an AIWS with VAHs, and various additional perceptual and 

mood symptoms. Although she formally met the DSM-IV criteria of schizoaffective 

disorder, especially the chronically recurring symptoms of the AIWS were considered 

indicative of structural CNS pathology, as suggested by the literature 5.

Functional MRI showed brain activity in the left motor cortex and contralateral 

cerebellum, which served as a positive control for detection of brain activation in rela-

tion to the balloon squeezes that patient A executed with her right hand. Additional 

activation was present in the network comprising primary sensory auditory cortex, 

association auditory cortex, thalamus, basal ganglia, and anterior cingulate gyrus. In-

volvement of this network is commonly found in activation studies of auditory stimuli 

with an external source 27. Primary and higher auditory areas serve to process auditory 

information, and as such form a network with the thalamus, basal ganglia, and anterior 

cingulate areas as part of an ‘active state’ network, involved with cognitive control (i.e., 

attention regulation, response selection, priority formation, and error monitoring) 

over incoming stimuli 28. Activity in Broca’s area, which is normally associated with 

the motor generation of speech, has also been found in studies of VAHs 29. The involve-

ment of the right homologue of Broca’s area is consistent with earlier findings in fMRI 

studies  18,30. During the execution of normal language functions such as speaking, 

listening to speech, and reading, the dominant (left-sided) language areas inhibit their 

contralateral homologues through reciprocal callosal connections 31,32. It has therefore 

been hypothesized that certain subtypes of VAHs may result from aberrant activity 

of the right homologue of Broca’s and Wernicke’s areas, due to insufficient inhibition 

by dominant language areas  33,34. Some subtypes of VAHs may therefore be seen as 

lateralization phenomena 35.

Interestingly, signal intensity changes within the auditory network synchronized 

with those found in the right primary visual cortex (areas V1 and V2), bilateral dorsal 

visual cortex, and, to a lesser extent, in the higher visual association cortex. From 

previous fMRI analyses examining single subjects and groups of patients experiencing 

VAHs exclusively, it would seem that concomitant activation of visual and auditory 

cortices is quite uncommon to the extent shown in this case report  18,29. According 

to the subjective reports of patient A, her VAHs were continuously accompanied by 

changes within the visual field (metamorphopsias), albeit of a varying nature and in-

tensity. Because of this co-ocurrence of symptoms, it was impossible for her to separate 

events in the visual and auditory domains within the MRI scanner. We can therefore 

only assume that the involvement of visual areas reflects brain activity responsible for 

the mediation of patient A’s metamorphopsias. This is in keeping with the results of 

two single photon emission tomography (SPECT) studies in metamorphopsia, which 
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showed hyper- and hypoperfusion, respectively, at the right occipito-parietal junc-

tion 36,37. However, other SPECT studies found hypoperfusion of the right frontal, and 

right fronto-parietal regions 38, and of the left and right temporal lobes 39.

Generally speaking, metamorphopsias may have their origin within lower-level (i.e., 

retinal) or higher-level (i.e., cerebral) structures. In the case of patient A, a peripheral 

origin was ruled out because the types of metamorphopsia described by her, along with 

their sudden disappearance after treatment, are incompatible with any known intra-

ocular defects. Long-lasting and permanent metamorphopsias of a more central origin 

have been associated with discrete lesions and/or aberrant activity within specialized 

cortical cell columns of visual association areas 14. This finding is consistent with Hubel 

and Wiesel’s classic thesis on the response selectivity of cortical cell columns 40,41. The 

absence of any structural changes, as observed by MRI, or epileptic activity, as observed 

by EEG, suggests that the symptoms reported by patient A involve a functional rather 

than structural deficit. The simultaneous activation of visual and auditory cortices 

suggests a common pathophysiology underlying her VAHs and metamorphopsias. If 

true, this defect apparently triggered the occurrence of visual and auditory symptoms 

in a serial fashion, with the visual ones being quintessential for the auditory ones to 

occur. The nature of such a defect, and indeed of psychotic symptoms in general, is 

still open to speculation. One attractive hypothesis can be offered by network theory, 

where psychosis may be viewed as a hyperconnectivity syndrome  42. In this view, a 

slight increase in the average number of connections per neuron (i.e., as a result of 

inheritance, intoxications or medication) may cause a dramatic increase in the inter-

connectivity of distributed neural networks, providing a level of connectivity between 

brain regions beyond that which is considered normal or healthy. Alternatively, it may 

be hypothesized that the simultaneous mediation of visual and auditory and symptoms 

stemmed from the disinhibition of a higher cortical centre involved with the integra-

tion of information from various sensory modalities. This hypothesis would be in line 

with the impaired cortical inhibition hypothesis of schizophrenia 43,44.

The positive effect of the rTMS treatment on patient A’s sensory deceptions and 

distortions - and on her mood - was unanticipated by us, especially in the light of the 

disappointing results of rTMS upon VAHs in a recently published study 45. Obviously, 

the possibility of an overall placebo effect cannot be ruled out with certainty. In the 

context of the elaborate diagnostic and therapeutic procedure to which patient A was 

subjected, such a strong placebo effect can probably be best designated as a Hawthorne 

effect, so called after a study of industrial productivity at the Hawthorne plant of West-

ern Electric (1927-1929), where the effect of the investigators’ presence and attention 

on the productivity of the workers was shown to be overwhelming 46. A similar effect 

may have been produced by the intensive diagnostic process, the high-tech environ-

ment, and the daily attention given to patient A during her participation in our study.
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A second possibility is a beneficial effect of the medication, which was continued in 

unaltered dosages during the rTMS treatment periods. As mentioned above, the only 

change of medication was the replacement of oxazepam by zopiclon. As zopiclon has 

a weaker effect upon the seizure threshold, and is less potent than oxazepam in its 

influence upon the GABA system, we assume that its role in the overall remission must 

have been minimal. Moreover, considering the fact that both episodes of remission 

followed upon rTMS treatment, a substantial medication effect would not seem likely.

If we assume a direct relation with the magnetic field pulses induced by the TMS coil, 

the overall result is open to various explanations. At T3P3, the coil was directed to-

wards Wernicke’s area at the left parieto-temporal junction. As demonstrated in seven 

prior studies, and meta-analyzed by Slotema et al. 47, rTMS with a frequency of 1 Hz 

over T3P3 was until recently considered an effective treatment for VAHs. The same 

meta-analysis demonstrates that rTMS is effective for depression, but here it should 

be noted that all of the 34 published studies involved with rTMS treatment of depres-

sion targeted the left and/or right dorso-lateral prefrontal cortex, and none involved 

Wernicke’s area. One explanation of the resolution of depressive symptoms after rTMS 

at T3P3 is that the exact localization of TMS is less important in treating depressive 

symptoms. However, this is not in line with previous hypotheses considering the work-

ing mechanism of rTMS in depression 48. Alternatively, the mood fluctuations observed 

in patient A may have been the result of the remaining other (perceptual) symptoms. 

With the resolution of her perceptual symptoms, her mood may have improved as well.

Due to its local and temporary effects, TMS provides a unique opportunity to study 

visual perception and awareness 49,50. But ever since the electrical probing experiments 

by Penfield and Perot 51, and especially Gloor et al. 52, it has been known that stimula-

tion of circumscript cortical areas may induce cerebral activity in structures as deep as 

the limbic system. Even though the magnetic pulse of TMS is circumscript, and capable 

of depolarizing local neurons at a maximum depth of 2-3 cm 53, local interventions into 

brain areas may well have distributed effects on brain activity because of the network 

structure of the human brain  54. In biological networks such as the human brain, a 

few highly connected areas (‘hubs‘) may bind the entire network of less connected 

regions together, thus facilitating information transfer. In the case of patient A, it may 

be hypothesized that Wernicke’s area functioned as a hub which carried local effects 

of rTMS treatment to more remote brain areas. This is in line with previous reports of 

the network structure of both structural and functional networks within the human 

brain  54. Whether the effect on patient A’s mood should be explained along similar 

lines, or as a result of the remission of her perceptual symptoms, remains open to 

debate.

The present case report indicates that metamorphopsias are associated with acti-

vation of the visual association cortex and posterior cerebral regions, including the 
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primary visual cortex, occipital fusiform gyrus, and cuneus. It also demonstrates that 

local rTMS treatment at T3P3 may have widespread therapeutic effects on symptoms 

attributable to brain regions that lie scattered throughout the CNS, and that the net-

work structure of the human brain allows for a general explanation of the neurophysi-

ological mechanism behind this disseminated effect.
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