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Phosphene induced rate
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4 Report on the international workshop
concerning safety considerations with TMS

Human Motor Control Section,

NINDS, NIH, Bethesda, USA Mark Hallett, M.D.

Dr. Kimura (The University of Iowa, Chairperson) : I would like to welcome Mark
Hallett to Kokura, and I am happy to introduce him to you. As you all know, Mark is a
Harvard graduate. He did his neurology residency at Massachusetts General Hospital,
which he finished in 1975. After a year of clinical neurophysiology fellowship, he
worked at the Harvard Medical School until 1984. He then moved to NINDS as a clini-
cal director, staying there ever since. His current title is Chief of the Medical Neurol-
ogy Branch and Human Motor Control Section. He has been very active internationally,
serving as a member of the Executive Committee of the International Federation of
Clinical Neurophysiology (IFCN). When he stepped down a few years ago, as Editor in
Chief of Clinical Neurophysiology, he switched to the World Federation of Neurology
(WEN). Now he edits World Neurology, the newsletter of the WFN, with distribution to
some 30,000 neurologists the world over.

When he took over the editorship, he made a new column, called a neurological
story, and asked me to write something on any topic of my choice. I was very busy,
too. So I said, “Yah, I will think about it”, which was a big mistake. He took it to
mean “Yes” as all good editors do. So whenever I see him, he makes me feel like I
owe him an article. And I see him all the time, as our paths cross wherever I go.

Nonetheless, I am happy to have him here. He came from Bali, Indonesia, yesterday,

and he is ready to talk to us about the safety concerns of magnetic stimulation. Mark.
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Fig.1 Kokura Castle (photo by Dr. Hallett)

Thank you very much, Jun. It is a pleasure to be here. It is very nice to see a lot of
my old friends. I understand that many of you have not seen Kokura Castle yet even
though you are here. I did have a chance to see it this morning when I got here. This is
Kokura Castle (Fig. 1).

As you have heard in three very nice talks in the session so far, TMS is clearly a
very useful technique for brain research. It also has a small and developing role in
clinical assessment and also a developing role in therapeutics. These are the areas
which are useful to us. It is important, however, to keep in mind the safety of transcra-
nial magnetic stimulation in all the various things that we do. And that is my charge to-
day to tell you about the safety and bring you up to date of what is going on in that re-
gard.

Now, I can do that, because just recently we had a TMS safety meeting in Siena,
which was last year. It was a very big group of people who came from all over the
world to talk about safety. The organizing committee was led by Simone Rossi, myself,
Alvaro Pascual-Leone and Paolo Rossini. From Japan, Professor Ugawa was the repre-
sentative, and we had people, as I said, from all over the world who were present there.

As a result of this meeting, we came up with a document for the International Federa-
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tion of Clinical Neurophysiology, which has recently been published and can be found
on line in Clinical Neurophysiology, and, hopefully soon in print (REFERENCE 1).
The workshop was supported by the International Federation of Clinical Neurophysiol-
ogy, the European Chapter of the IFCN, National Institute of Neurological Disorders
and Stroke, University of Siena and unrestricted gifts from Magstim, Nexstim, and
Neuronetics.

This was the second safety conference that has been on TMS. The first was reported
in EEG and Clinical Neurophysiology, the older name for Clinical Neurophysiology, in
1998 from a meeting that we had in 1996 (REFERENCE 2). The actual genesis of that
meeting came about because in the early days of TMS we did not know what was safe
and what was not safe. In early studies that we had we actually produced a series of
seizures in normal volunteers. Our IRB was quite upset with us for that and shut our
operation down completely for a while, and around that time I said, ‘ Let’s have an in-
ternational safety conference to say what are the international standards for safety for
using TMS. We brought everybody together at that time who was active and tried to
come up with some information which then could be used not only by us but by other
people for producing safe rTMS. Eric Wassermann, who was one of the people in my
group at that time, was to write this up, and so, he was the first and the only formal
author of this, but actually it was done by all of the people at that meeting. This docu-
ment has been the primary source for safety since that time, the meeting we had at
Siena is an update of that conference, and the new article should be the formal replace-
ment for the old one.

This is the outline of the topics that are covered in the safety document (Table 1). It
begins with a short bit on principles of TMS and then covers a variety of topics. I will
summarize here some of the high points of this, but you can see that we tried to cover
as many different aspects as we could in relation to the safety of TMS.

There is a variety of ways of delivering TMS, and one has to consider the safety of
each of these different ways. In the beginning all we had, when we had the first safety
conference, is what we call conventional rTMS, which is just TMS at different frequen-
cies, and one could consider slow TMS and faster TMS, but it was all rhythmic in na-

ture. Now there are a variety of patterned techniques. The most commonly used pattern
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Table 1 OQutline of the safety topics

Outline

* Principles of TMS

« Safety concerns

» Side effects

» Patient selection

 Patient dosing

« Safety table

+ Where TMS should be done

* Who should do TMS

+ Ethical and regulatory concerns

these days is theta burst stimulation, in which there is a short burst of very high fre-
quency at 50 Hz, say three pulses at 50 Hz followed by an interval and then another
three. Generally the bursts are at around 5 Hz or theta frequency. Then, you can give
this continuously or you can give it intermittently. So, there is continuous theta burst
and intermittent theta burst. There is also quadripulse stimulation. Quadripulse stimula-
tion has, I think, for the present time only been done here in Japan. But it will prob-
ably be used elsewhere as well because this is clearly a very powerful technique. One
of the things that was pointed out at the conference is that, while we have a great deal
of safety information about conventional rTMS, the information on safety on patterned
rTMS is much less, and it was urged that people who are doing studies with any of the
patterned rTMS techniques begin to develop safety information as well because that re-
ally is lacking in the present time.

So, in relation to safety what are the concerns? These are a list of them here (Table
2). Heating is one. Can you heat up the brain, for example, by delivering TMS? Yes.
There is a small amount of heat that is produced, but it is extremely tiny and that heat
can be taken away by blood flow, so it is not really a particular concern. You can heat
electrodes. If you are recording EEG, for example, at the same time, you can poten-

tially heat an EEG electrode, and particularly if it is made of conductive material, you
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Table 2 Safety Concerns

« Heating (of brain and electrodes)
» Forces and magnetization
+ Induced voltages

« TMS in patients with implanted
stimulating/recording electrodes

» Magnetic field exposure for
subjects/patients

« Magnetic field exposure for operators

can get a strong current in the electrode. There have been a number of cases where
burns have been produced. So it is better to use non—conductive electrodes, and if you
make a little slit in it, then you cannot have current loops and that will also decrease
the amount of opportunity for bums. The next concern is forces and magnetization.
Magnetic fields can move a small piece of metal, and there is a concemn, for example,
if you have an aneurysm clip in the brain, you could move that clip and potentially
damage the blood vessel. In general these forces are relatively small, but they can be
measured. There is not as much information available on this as probably there should
be. One of the recommendations was that if you want to undertake giving TMS to
someone who has some metal in the brain of some kind, you should know what that is,
and you can potentially test that outside of the individual before you go ahead and do
it. Again there is not as much information on this as one would like. One can induce
voltages in wires, and this gives concerns about implanted stimulating and recording
electrodes, and I will talk about this subsequently. Magnetic field exposure for subjects
and patients. This has been a concern, but the amount of magnetic field that any indi-
vidual subject would get is probably not very much, and in relation to safety standards
this issue has been raised more in the MRI area than in the TMS area. Patients do not
get very much exposure. However, operators who are doing TMS on a daily basis
might get a larger exposure to magnetic fields, and it appears that standards that are de-

veloping in Europe at the moment might raise problems to some TMS operators there.
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Table 3 Side effects

* Hearing

« EEG issues

+ State-dependency of TMS effects

+ Seizures

+ Syncope

+ Local pain, headache, discomfort

+ Psychiatric changes

» Cognitive/neuropsychological changes

» Other biological effects (in humans and animal
models) possibly related to safety concerns

» Endocrinological after-effects

» Histotoxicity

» Effects on neurotransmitters and immune system
« Autonomic function

This is something that people have to be alert to if they are using TMS on a regular ba-
sis. It is recommended that people pay more attention to this, although exactly what
might happen if you get too much magnetic field is not clear, either.

In relation to implanted stimulating or recording electrodes, TMS has been done
safely with deep brain stimulation, epidural electrodes and vagal nerve stimulation. So,
in all of these cases it has been possible to do TMS at the same time. If one is con-
cerned, one can test the hardware in advance, and that could be appropriate. But in fact
it is possible to do TMS in all of these circumstances.

So, what are the possible side effects that you can run into? This is a list of them
here. There is more or less information about all of these various ones (Table 3).

This is Table 1 from the paper which looks at the side effects (Table 4). There is in-
formation about single pulse TMS, paired pulse TMS, low frequency (1 to 5 Hz rhyth-
mic TMS), high frequency TMS (greater than 5 Hz) and theta burst. Seizure induction
is mainly a problem with high frequency rTMS, and we will talk a great deal more
about that subsequently, since that is one of the major concerns that people have. Tran-
sient acute hypomania induction has been seen with high frequency stimulation in left
prefrontal stimulation, and rarely this has been reported with low frequency rTMS.
Syncope is a possible epiphenomenon. Of course, any medical intervention can poten-

tially induce syncope. We have certainly had many such examples in our group, and
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Table 4 Reprint Table 1 from Ref 1.

Table 1
Potentlal side effects of TMS Consensus has been reached for this table,
Slde effea Single-pulse Palred-pulse TMS Low frequency (TMS  High (requency rmTMS Theta burst
™5
Selzure induction Rare Not reported Rare (usually Possibile (1.4% crude risk estimate Passible{one seizure In a
protective effect) in eplleptic patents; less than narmal subject during
1% [n normals) TRS)
{see para 3.31)

Translent acute Na No Rare Possible following left prefrontal Not reported

hypomanla Induetlon stimulation
Syncope Possible a5 eplphenomenon (ie, not related to direct brain effect) Posslble
Translent headache, local paln,  Possible Likely possible, bur  Frequent (see para.  Frequent {see para. 3.3) Possible

neck pain, teothache, 1ot reported f k)]

paresthesia addressed
Transient hearing changes Possihle Likely possible, but  Possible Possible Not reported

not reparted

Transient cognitive/ Not reparted Na reported Overall negligible Ovenall negligible (see Sectlon 4.6) Transient impalrment of

neuropsychalogial changes {see Section 4,6) waorking memary
Burns from Scalp electrodes No No Not eparted Occasionally reparted Not reported, but

likely possible

Induced currents in Theoretically possible, but desoribed malkinctica only if TMS i dellvered In dose praximity with the electric device ( pace-makers,

electrical drctits braln stimulators, pumps, intracandiac lings, cochlear mpstanty)
Structural brain changes Not reparted Nor reporead Not reported
Histotosidty No No Inc Not reported
Other hiotogical Mol reported Not repoted Not reported Traiuient hotmane (TSH), Nat reported

mransient effects amil bk dagiate

levels changes

perhaps you all have had that as well. That is a consideration. One of the things that
we are doing in our own laboratory, for example, is to make sure that people who are
coming for testing have eaten a good breakfast, have had a good night’s sleep. Many of
the episodes of syncope that we have had have been with people who are probably hy-
poglycemic or in other ways not at their best. Transient headache, local pains, neck
pain, toothache, and paresthesias are possible in many of these circumstances but rela-
tively common with low frequency rTMS rather than with high frequency TMS. Others
are in the table, and information is lacking in some areas such as for theta burst. For
patterned types of TMS one needs to accumulate more information to know how safe
they actually are. Transient hearing changes are very important area, and I will come
back to that in a little more detail. It is largely a problem or an issue with low fre-
quency rTMS or high frequency TMS where there is a lot of noise. Of course, TMS
produces a very high level sound. Transient cognitive or neuropsychological changes
are overall negligible in many of these situations. Burns are a problem in high fre-
quency stimulation. Induced currents is an issue that we have already talked about.
Structural brain changes, meaning what you see, for example, with MRI data are incon-
sistent, and I suspect, probably not very significant. Histotoxicity reports are inconsis-

tent and there is probably nothing in the way of histotoxicity, although you find some
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reports or literature about it. Other biological effects. Transient increase in thyroid
stimulating hormone and blood lactate have been reported with high frequency rTMS.

Hearing is an important area. Safety concerns should be addressed by using hearing
protection, ear plugs and ear muffs, and you will have to know how to place those
properly. In our laboratory, for example, we actually have a very short class teaching
people how to properly insert ear plugs. A lot of people who do not do it correctly, and
then it does not work very well. If anybody has a hearing loss, tinnitus, or aural full-
ness, they should certainly see someone who knows more about hearing. If someone al-
ready has known hearing loss, particularly from traumatic hearing loss, then one should
worry about whether it will be safe to do TMS. Individuals who have cochlear implants
should not receive rTMS. The acoustic output of newly developed coils should be
evaluated because coil shape will in fact give you different sound intensities. Hearing
safety concerns for children have not been sufficiently addressed, and there are consid-
erable concerns about whether hearing can be potentially a very problematic issue in
children. I will come back to the issue of children later since the issue of hearing in
children is really a critical one.

In relation to seizures there are issues about what drugs patients can be on while
they are getting TMS. From a theoretical point of view, there are certainly drugs that
will be proconvulsant, will have an effect on the brain to increase brain excitability and
possibly provoke seizures. A list for the safety document was put together by Prof. Ulf
Ziemann from the University of Frankfurt. He pointed out that tricyclic antidepressants,
tetracyclic antidepressants, selective serotonin reuptake inhibitors, norepinephrine reup-
take inhibitors, atypical antidepressants can be proconvulsant. Antipsychotics of various
types, analgesics, some antibiotics, some chemotherapeutic agents, stimulants such as
amphetamines, and a number of other drugs can be as well.

It is also the case that in drug withdrawal there can be increased excitability of the
brain. So, if you have someone who had alcohol the night before and they could be in
alcoholic withdrawal, they could have an increased excitability and then potentially be
more likely to have seizures.

In looking at the world’s literature on rTMS—induced seizures, a number of these pa-

tients have been on drugs that increase brain excitability. It does not happen terribly
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often to have seizures but it does happen, and so, one has to be alert to that. Prof. Zie-
mann pointed out there are three cases of rTMS—induced seizures in which it was sus-
pected that drug use was one of the aspects that led to seizures in those cases. We will
come back to this point in just a minute again.

One of the central pieces of the paper is the safety table. What intensity can you use
at what frequency and for how long? These safety tables are largely constructed on nor-
mals, and of course, patients may differ but it is hard to get all this information.

The first safety table, as I mentioned earlier, came out in the Wassermann paper in
1998 (REFERENCE 2). It looked at frequency of stimulation, stimulus intensity and
train duration. The safety table was based on actual seizures that were produced in
some individuals and two other aspects. One was the spread of excitation from the tar-
get muscle to nearby muscles. If you were stimulating and you ordinarily got MEP,
say, just in the hand and then you began to get MEPs in the proximal arm, that sug-
gested that there was a breakdown of lateral inhibition. This might suggest that a sei-
zure would come some time in the future. And so, that was considered unsafe. The
other thing that was considered unsafe, and this did appear from time to time, was an
extra EMG discharge. That is, if you gave ten TMS stimuli, you might get 11 EMG
bursts. Then that extra one could have been due to an afterdischarge in the brain that
produced the other motor—evoked potentials. That was the other safety concern that we
had. All of these data came from our lab at NIH. In that paper it was actually sug-
gested that a further 25% reduction from this table be in fact employed, but no one
paid much attention to that particular phrase, including ourselves. We actually pub-
lished another safety paper, which was the second in our thinking about it, which actu-
ally was published earlier than the other one (REFERENCE 3).

We put this second paper together, because even following the safety table, we had
another seizure, and we blamed that on the inter—train interval, which was a considera-
tion that we had not thought of when we did the original safety table. We produced this
so that we could add the fourth factor, which would be the interval between trains. We
took the occasion also to take a quick revisit of the safety table itself.

In this safety table we added a little bit more information than we had at the time of

the safety conference itself. This table is probably the one that most people have actu-
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ally followed, and at that time we no longer said that you should be 25% down from
the numbers from the table.

We also added another table, which was the recommendation for inter—train intervals
for the trains of rTMS at less than 20 Hz. We noted, for example, that an inter—train in-
terval of 5 seconds is safe in most cases, but if you are down at 1 second this could
potentially get you into problems even if stimulus intensity at less than 20 Hz is only
at motor threshold.

Now, people have been following the old safety table, so the question is how have
these guidelines held up. Loo and colleagues in 2008 published a paper where they
looked at all of the published seizures in the literature (REFERENCE 4). Since 1998
there really have been only 6 further seizures that were reported. I am sure there were
some that were not reported, but these are the ones reported. Only six more. So, that is
pretty good. It turned out that four of them exceeded the guidelines. So there were
these guidelines and people did in fact exceed them in four out of six of these.In three
of them, people were on drugs that were proconvulsant in nature. So, by and large, one
could explain all of the seizures by either exceeding the safety table or by proconvul-
sant drugs.

There was one seizure that could not be easily explained. There were not any drugs.
It did not exceed the safety table. But the clinical report of this case sounded like syn-
cope to at least Professor C. Epstein and he wrote a letter to the editor after this par-
ticular case had been reported. He said, “Maybe this was just a case of syncope.” Dif-
ferentiating seizures and syncope is not necessarily that easy, and some people get con-
fused about it. There are some clinical features, of course, that will differentiate the
two. In syncope, generally there is a gradual onset, presyncopal warning, change in
color or appearance of the patient, brief loss of consciousness with rapid recovery and
loss of tone. In seizures we see very sudden onset, possible aura, duration of several
minutes with loss of consciousness, typical movements, and a post ictal state. I want to
point out that people who do have syncope can have a muscle twitching which can
look seizure—like and which can be confusing in this regard.

There have been some nice videotapes of patients with convulsive syncope and they

have now been put on the web so that everybody can take a look at them. These can be
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Table 5 Table from Ref 1. The new safety table for rhythmic rTMS

“‘New” Safety Table

Adapted Froen Table 4 (Pare A) and Tatite  (part B} of Chicn et b, 1597, with permission om the author. Safcty recomenendations Tir inter traimn inbervaly for 10 i at <20 He
Tt mastmsany dharation of pulses for individaal rIMS i a8 each stiemulus intensdty stoishd mor exoced those Hsted in the Bt B ol e tble, A consemus has Been tesched in
adopting this table s this polrt. However, there is a aeed to extimd thete imveitigationy and proyide mive detailed guldelines that miy apply alie (o don: Mgt sread.

Inter-train interval (ms) Stimulus intensliy (% of MT)
100X 105% 110% 120%

Pt A
5000 Safe Sale Safe Insufficient data
1000 Unsafe (EMG spread after 3 tralns) Unsafe? Unsafe (EMG spread after 2 prains) Unsale (EMG spread aRer 2 trains)

250 Unsafe? Unsale* Unsafe (EMG spread after 2 trains} Unsafe (EMG spread after 3 tralns)
Frequency (Hz) 100% 0% 120k 130%

BDraration [« fpolies Draravion 2 ¥pulses Distation [v)fpulies Dura b | o) pulses

At o

1 >270 »>270 >270 »270 >180 180 50 50

5 10 50 10 S0 10 50 10 50
10 5 50 5 50 32 32 22 22
20 1.5 30 1.2 24 08 16 04 ]
25 1.0 25 0.7 17 03 7 02 5

* These stimu fus parameters are considered unsafe because adverse events occurred with stimulation of lower intensity o Jonger inter-train interval, but no adverse efTects
were observed with these parameters

found on the Brain Stimulation journal web site. You can look at them and get some
feeling of what they look like. I have just taken one here to show you.

Taking all this information, what are, in fact, the safe parameters to use? There have
been many different studies published using rTMS. For example, there are probably
more than fifty studies of 10 Hz rTMS. On average people are giving 5—6 pulse trains
for 400 to 500 ms with an average inter—train interval of about 3.2 seconds and about
250 trials. This is a sort of thing that people seem to get away with without very much
trouble.

Synthesizing this information yields the new safety table which is Table 5 of the pa-
per. It is very similar to the safety table that appeared in the Wassermann and then the
Chen et al. papers. Most of the data actually come from that, and people in general did
not see much need to change it. This seems to be working relatively well. Information
includes stimulus intensity, train duration and also interval between the trains.

There was an attempt to make a safety table for the patterned type of stimuli as op-
posed to the regular stimuli (Table 6). The literature here is limited, but people did the
best they could in putting this together. So, for the standard continuous theta burst
stimulation, intermittent theta burst stimulation and quadripulse stimulation, there are
some recommendations as to what are the best safety limits that one can use.

If someone is undergoing rTMS, what should you monitor in terms of safety? Of

36



Table 6 Table from Ref 1. The new safety table for patterned rTMS.

“New” Safety Table

rahle &
Published TBS (biphasic pulses) and QI'S (manophasic pulses] pratocols on nommal subjects, No significant side ¢ fects reported, apart vagal reactions after prefrontal cortex
stimulation. Cansensus reached for this table,

Pulses 7n the burst Total train pulses Intensity Stimulation site
“Standard” <TBS (following Huang et al 2005) 3 al S0 Hz, repeated at 5 Hz 600{4053) 80X of active MT Mator cortex, PFCY
Silvanto et al. 2007 B at 40 Hz, repeated every 1.8 s 200 60% ol the maximal Visual tortex
stimulalor output
NyfTeler et al, 2006* 3 at 30 Hz, repeated al 10H2 200 B0% of resting MT Frontal eye flelds
“Standard® {TBS protocals (following 3 at 50 Hz, repeated at 5Hzfor2s 600 BO% of active MT Motor cottex, PFCC
Huang et al, 2005)
OP3 * (following Hamda et al, 2008) 4 (ISl mnging 1.5 ms-1.25 s), 1440 80% of active MT Motor cortex
repeated every 5 s

* Alsa repeated TBS in the same session (at 5, 15, 50, 7S min)
> 2000 maximal tokal pulse number per day; highest inlensily used resting MT (Y, Ugawa, personal comm unication)
£ PFC= prefrontal cortex {Grossheinrich et al, 2009).

course, one should be looking at the patient all the time to see what is going on with
them. EMG monitoring, if you are over the motor cortex, is very sensible. I have al-
ready described to you what we used in our early studies in terms of monitoring, both
spread of excitation and EMG correlate of what we presumed was an afterdischarge in
the cortex. People thought these were, in fact, reasonable things so that they are contin-
ued to be recommended. EEG monitoring could also be used, although it has not been
used in general, Of course, there are artifacts that are produced in the EEG with TMS,
s0 it is not necessarily easy, but if you can do EEG monitoring it might make sense.
Autonomic testing, heart rate and blood pressure have not been done very often, either,
but could be considered in some circumstances. Then long term monitoring with cogni-
tive and neuropsychological testing continues to make sense, particularly if people are
getting high frequency or frequent types of stimulation.

Children are particularly vulnerable. Consent and assent in healthy children is, of
course, difficult, because they may not be clearly understanding all the things that will
be happening. It makes sense to do this in disease states when there is a potential
therapeutic benefit or it is a very important observation that will help advance knowl-
edge so you have a clear advance in the field of understanding. Strict local guidelines
limit investigators in terms of what you can do with children.

Single and paired pulses are likely safe, but the rTMS safety in pediatrics is un-
known, likely age—dependent, and best reserved for instances where potential benefit

outweighs the risk. More animal and human data are necessary, and in particular I
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stress the issue of hearing. Hearing is something that we do not understand very well
with children. The shape of the ear canal is different in children compared to adults.
More data are needed in this area if people are going to study children.

Where should TMS be done? This turned out to be extremely controversial. There
are many PhDs who are doing TMS in psychology laboratories far removed from hos-
pitals. And since it is viewed that TMS is generally safe, they felt it was safe to carry
on with that sort of work, although a number of physicians doing TMS in hospitals
thought that should not be done. So, it was very controversial. Clearly, whether it is
therapeutic is important. If it is going to be therapeutic, probably it is going to be done
in the hospital setting. Single pulse, I think everybody agrees, could be done almost
anywhere, but once you get to rapid rates or patterns it might be more dangerous. TMS
always requires being prepared for seizures and syncope.

That raises the next question. Who should do TMS? This also was a controversial
topic. What training is needed for people to do this, and if you are not a physician,
then what credentials are needed for such people. Can anybody do it or do you have to
have a certain amount of training? Do you have to know basic life support? Do you
have to know what will happen in that circumstance? How do you deal with seizures
and syncope which are the two acute problems one might run into? Do you have to be
able to use crash cart? Do you have to have crash cart even if you are in a psychology
lab, for example? So, all of these questions are difficult ones. We could not come to an
agreement about these completely. Therefore, we left this up to the IRB in most cir-
cumstances. So much will depend upon the IRB, individual investigator and the par-
ticular experiment.

One other point which I found particularly fascinating at this meeting is we could
not even agree to what a normal subject was. If you are doing a study and you want to
have a normal comparison to a patient database or even if you are just doing a normal
study, what is a normal subject? And it turns out that in many studies people are using
individuals who are self—declared normals. Do you have to do a neurological exam on
somebody to know whether they are normal or not? How often do you have to do it?
Do you have to do MRI on the individuals to know whether they are normal? This was

an extremely controversial topic. We could not come to an agreement about this at all.
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There is also a screening questionnaire that is in the paper, and this is recommended
now for use in all the subjects that you will study. You can write this down and hand it
to them and have them do the check—off list, and this will help you be sure that the pa-
tients do not have any particular problems. Have they had epilepsy? Have they ever
fainted? Ringing in the ears, pregnancy, cochlear implants and so on. All of these
things you should know about before you engage yourself with TMS in any of these
patients.

We come to the final conclusions in the paper. The only absolute contraindication is
the presence of metallic hardware in close contact to the discharging coil such as coch-
lear implants, internal pulse generator or medication pump. In such instances, there is a
risk of inducing malfunctioning of those devices.

Conditions of increased or uncertain risk of epileptic seizures are novel paradigms
that we do not understand completely yet, conventional high frequency rTMS with pa-
rameters of stimulation exceeding the safety table, a personal history of epilepsy, brain
lesions of various types, drugs of various types, sleep deprivation or alcoholism with
potential withdrawal. Additional concerns are implanted brain electrodes, pregnancy, se-
vere or recent heart disease. In regard to pregnancy you do not want to have the patient
have a seizure. Of course, if the coil is on the head, then you are not going to be close
to the fetus so the fetus is not going to get any magnetic field exposure. But, of course,
there is a problem of seizure in the mother.

So, all of this information is now published in some detail, and so I expect this will
be the standard of safety practice probably for the next 10 years or so before we get
around to giving another international conference to put everything together again.

Thank you very much for your attention, and 1 will be happy to answer questions.
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[ Discussion ]

Dr. Kimura (The University of lowa, Chairperson) : Thank you, Mark. You gave us
very didactic, practical information that we can use for our future work. And I am
very grateful to your contribution. We do not have much time, but if you have any
questions, I will take one or two. Any particular point to ask? This was a very clear
presentation, and I think we can close without further discussion. Thank you again,
Mark.

Dr. Tsuji, would you like to close or am I supposed to say a few words? All right. You
know this is the twentieth meeting of this research group which I have had the honor to
preside. I have decided to step down on this happy occasion, so, this is my swan song.
Before my greeting to you, let me first explain to Mark very briefly how this group
was initially organized. When I returned to Japan from the United States 20 years ago,
the late Dr. Mano and Dr. Tsuji came to see me, and asked if I could help start the
practice of magnetic stimulation under governmental approval in Japan. We agreed that
we needed to set up a discussion group for this purpose, and I was very happy to do
just that. We have been working on safety issues of magnetic stimulation ever since,
and, I must say, successfully. In fact, we could talk the governmental agency into ap-
proving this technique for clinical use quicker than in the United States, where the use
of magnetic stimulation is, even now, permitted only as therapy for depression. When
I retired from Kyoto University 10 years ago, I told Dr. Mano that it was time for
change. Unfortunately I could not quit because of his illness, and I continued as the
chair for another 10 years. On the occasion of the twentieth anniversary, I was finally
able to talk Dr. Tsuji into taking over this chore. I am very happy to leave the group in
his very capable hand with help from Dr. Ugawa as the secretary. Incidentally, Dr.
Tsuji, the president—elect of the Japanese Society of Clinical Neurophysiology, will be
in perfect new position to look after this group for the benefit of all concered.
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