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          6.1   Introduction 

 At the commencement of a treatment course, the prescribing practitioner is 
required to determine a variety of parameters for treatment provision. The choice 
of these should be made on an individual patient basis but may be in fl uenced or 
largely determined by local policies or established protocols. Each of the following 
parameters must be explicitly prescribed for each patient or made clear in local 
protocols:

   Intensity of stimulation  • 
  Frequency of stimulation  • 
  Duration of each stimulation train  • 
  Total number of stimulation trains provided in each treatment session  • 
  Inter-train interval  • 
  Site of stimulation  • 
  Coil orientation     • 

    6.2   Dosing and Motor Threshold 

 The intensity of stimulation provided during rTMS treatment is typically de fi ned as 
a percentage (usually between zero and 100 %) of the total machine output provided 
by the rTMS device being used. The intensity for each patient is individualised; it is 
typically determined relative to that individual’s resting motor threshold (RMT). 
The RMT is an estimate of an individual’s level of motor cortical excitability, estab-
lished by the application of single TMS pulses to the motor cortex. The lowest 
stimulation intensity required to consistently induce a motor response in a periph-
eral muscle is determined, usually in the abductor pollicis brevis (APB) in the con-
tralateral hand. This sets the RMT (see Boxes  6.1  and  6.2 ). 

  6      Practical Issues in Treatment Provision           
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  Box 6.1. Assessment of the Resting Motor Threshold (RMT): Theory    
 Typically, the RMT is de fi ned as the minimum machine stimulator intensity 
required to produce a pre-speci fi ed motor response. Most commonly, this is a 
de fi ned number of motor twitches observed on a certain number of occasions 
(e.g. on 3 out of 5 or 5 out of 10 stimulations). 
  The RMT is determined by a number of factors. These include intransient fac-
tors such as the distance between the stimulation coil in the cortex and variable 
factors such as medication status and sleep deprivation. Critically, the resting 
motor threshold is also sensitively dependent on the absence of any muscle activ-
ity. If the patient has a background level of motor activity during measurement, 
the RMT measured is likely to be considerably lower than the true value. 
  The type of motor response can be assessed in one of two ways:
    1.    The visual observation of a muscle twitch in the contralateral hand from 

the site of stimulation.  
    2.    The measurement of a motor evoked response of a speci fi c size in the con-

tralateral hand. This is achieved using electromyographic equipment 
(EMG): a signi fi cant motor response is usually de fi ned as an EMG devia-
tion (motor evoked potential) of greater than 50 uV peak to peak.     
 Assessment of the RMT with visual observation is simple and does not 

require the knowledge needed to set up EMG monitoring. However, EMG mon-
itoring does give reassurance that the patient is maintaining an adequate level of 
muscle relaxation. In the absence of this, considerable effort should be given to 
ensure the patient is as relaxed as possible throughout assessment of the RMT. 
  It is likely that assessment based on EMG or visual observation methods 
generate a similar  fi gure within individuals although studies investigating this 
are not completely consistent  [  1,   2  ] . The EMG is capable of detecting non- 
visible motor twitches but will only detect activity in a single muscle. This 
increase in sensitivity is typically balanced by the fact that when visualising 
muscle activity, it can be considered in one of a number of muscles. If RMT is 
measured in this way, it is likely to be of similar sensitivity to the EMG method. 
  The RMT can potentially be quanti fi ed in several ways. As described above, 
one approach is to de fi ne the RMT as a minimal intensity at which a certain 
number of motor evoked responses are invited out of a predetermined number 
of pulses: for example, the minimal intensity of which  fi ve motor responses 
are seen during ten stimulation pulses. However, more recently, several soft-
ware algorithms have been developed that estimate the RMT from the size 
and presence of motor responses at varied stimulation intensities (e.g. as used 
in  [  3  ]  and  [  4  ] ), although there remains some debate about the relative advan-
tages and disadvantages of some of these  [  5  ] . Variation in the method for 
measurement of RMT does further complicate the comparison of outcomes of 
various clinical trials. However, improvement in RMT estimation methods is 
likely to restrict the variability of measurements recorded rather than result in 
a systematically higher or lower threshold used for stimulation. 
  It is notable that the RMT is a measure of motor cortical excitability, not a 
measure of excitability of the prefrontal cortex where depression treatment is 
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  Box 6.2. Assessment of Resting Motor Threshold (RMT): Techniques 
 A number of methods have been described for the estimation of the RMT. The 
basic procedure is presented here for measurement of the RMT and 
quanti fi cation using a simple counting method.
    1.    Place the coil with its centre approximately 2 cm lateral and 5 cm anterior in a 

parasagittal plane from the vertex. This will be approximately in line with the ears.  
    2.    Position the coil to be on an approximately 45° angle from the midline (see 

Fig.  6.1 ).  
    3.    Place your other hand gently yet  fi rmly on the other side of the subject’s 

head. Take care not to press too hard with that hand, or to press down too 
 fi rmly on the coil.  

    4.    Beginning with the intensity low (30–35 %), commence single-pulse stim-
ulation with pulses every 3–5 s. Slowly move the coil around the estimated 
location of the motor cortex, applying one or two pulses at each site.  

    5.    If no movement/twitch is observed in the contralateral hand, then the RMT 
for that person is higher than the current TMS output setting. Therefore, 
increase the output in steps of 5 %, testing the response at a number of sites 
at each step.  

    6.    If a hand and/or wrist movement is observed, then the applied intensity is 
close to RMT. Test responses at a number of areas and mark the site on the 
scalp which appears to produce the greatest motor response.  

    7.    With the intensity set at a level that produces a small but regular muscle 
twitch, establish the scalp location that produces the optimal response. To 
do this, test the response to two or three pulses over an imaginary grid of 
points surrounding the site which you have marked (see Fig.  6.2 ). Mark the 
optimal location.  

    8.    Providing stimulation with pulses of approximately 0.2 Hz at the optimal 
location (no more frequent than one pulse every 5 s), now establish the 
motor threshold by your chosen method (algorithm or counting). Note, if 
higher frequencies of stimulation are used, this may in itself affect cortical 
excitability confounding RMT assessment.  

    9.    If using a counting method, apply pulses at a slightly suprathreshold intensity: 
if three muscle movements are observed during  fi ve pulses (or 5 out of 10), 
consider this level above threshold and reduce the intensity by 1 %. Repeat 
this procedure until 3 (or 5) responses are not seen. The RMT is 1 % higher 
than this level. The same procedure can be undertaken with EMG where a 
50-uV motor evoked potential response is considered above threshold.     

typically applied. Methods to quantify thresholds in prefrontal regions have 
yet to be developed. The    use of the RMT as an estimate for prefrontal treat-
ment has support from the clinical trials of rTMS depression treatment in 
which few safety concerns, including only minimal incidences of seizure 
induction, have arisen. 
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  Note: You may often see a thumb movement/twitch from the very  fi rst pulse 
at any given intensity level but then no observed movement following further 
stimulation: the response is typically greater to a  fi rst rather than subsequent 
pulse. A failure to get consistent responses indicates that you are below RMT.   

45°

  Fig. 6.1    Coil orientation at 
45° to parasagittal plane       

  Fig. 6.2    Grid of sites: in the 
localisation of the optimal 
site for motor cortical 
stimulation, a series of points 
around the estimated optimal 
site should be systematically 
stimulated at a  fi xed intensity 
to establish the optimal site 
of stimulation       
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 Across time there has been considerable variation in stimulation intensity used 
within rTMS treatment trials for patients with depression. Initially, trials used inten-
sities below the RMT (80–90 %). However, in more recent years, trials have more 
typically used suprathreshold intensities of 110–120 %. The intensity used for stim-
ulation has implications potentially for ef fi cacy and de fi nitively for safety and toler-
ability. In regard to ef fi cacy, it has been proposed that the progressive increase in 
stimulation intensity in treatment trials over time may have contributed to greater 
treatment effects in more recent studies  [  6  ] . However, a substantial number of other 
factors have also changed over time, including the duration of treatment courses, 
and little direct data has evaluated the relative ef fi cacy of treatment based on inten-
sity relative to RMT. Higher intensities do have signi fi cant implications for safety 
and tolerability. Patient discomfort and pain during treatment, and the development 
of posttreatment headache, are certainly more common at higher treatment intensi-
ties. In addition, higher intensities are related to a greater risk of seizure induction. 
The risk of seizure induction is dependent on stimulation intensity, the duration of 
stimulation trains and the inter-train interval. According to established safety guide-
lines, when rTMS is applied in high-frequency trains, stimulation can safely be 
applied up to 120 % of the RMT if the stimulation train duration is limited to 4.2 s 
 [  7  ] . Little research has explored the safety implications of the interval between 
trains: with 10 Hz trains, some authors have proposed that the interval should be at 
least twice the duration of the actual train itself. At lower frequencies, the train can 
be extended safely to longer durations (see Table   7.1    ). Note, however, that the safety 
guidelines have only been established for stimulation in the motor cortex: no equiv-
alent data has been obtained in regard to safety for stimulation in frontal areas used 
in depression treatment. 

 Although a speci fi c frequency may be prescribed for a course of treatment, local 
practice may determine that the intensity be varied depending on factors such as 
patient tolerability. This may be done in one of two ways:  fi rst, the prescribed treat-
ment intensity can be applied and the intensity lowered if this is not tolerated by the 
patient. Second, the patient may be commenced at a lower treatment intensity which 
is then progressively increased depending on tolerability. In our experience, the latter 
approach is preferable. If patients experience signi fi cant pain at an initial high inten-
sity, they are more likely to be dissuaded from continuing treatment or be hypervigi-
lant during subsequent treatment trains. Hypervigilance may increase scalp muscle 
contraction, further increasing the unpleasant experience of treatment. In contrast, 
if a positive experience of treatment is established on a low treatment intensity, 
intensity may be gradually increased to levels that may not otherwise have been 
well tolerated. Some idea of the individual patient’s tolerance to treatment may be 
estimated during measurement of the RMT. In more sensitive patients, we would 
recommend commencing treatment between 40 and 50 % of the RMT and progres-
sively increasing depending on tolerability. Although it would seem desirable to 
achieve maximal prescribed intensities (e.g. 120 % of the RMT), brain effects of 
rTMS are clearly apparent at much lower levels (e.g. 90 % of the RMT). It may be 
preferable to have a patient receive a treatment course at a lower intensity than to 
drop out of treatment altogether due to lack of tolerability of high-intensity stimulation. 

http://dx.doi.org/10.1007/978-3-642-36467-9_7#Tab1
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This is certainly the case given that the existing clinical data does not strongly sug-
gest a linear relationship between stimulation dose and ef fi cacy. 

 As indicated previously, the RMT can be in fl uenced by a number of patient 
speci fi c factors such as medication status. Medications that suppress cortical excit-
ability, such as benzodiazepines, are likely to increase the RMT. Importantly, with-
drawal of benzodiazepines, or withdrawal of other CNS depressant medications 
such as alcohol, is likely to increase cortical excitability and substantially lower the 
RMT. If patients change CNS active medications or drug use during a course of 
treatment, the RMT should be reassessed and the intensity of stimulation adjusted if 
it is considered safe to continue with treatment. 

 There is also individual variation in the RMT across hemispheres. Although one 
study found no signi fi cant group average differences between left and right RMT in 
depressed patients  [  8  ] , for individual patients, RMT levels can vary by up to 10 % 
across hemispheres. Therefore, measurement of the RMT in the hemisphere in 
which treatment stimulation is to be provided is recommended. 

 It is also possible that the RMT varies signi fi cantly across time even in the absence 
of changes in external factors such as medication dose. A small number of patients in 
a 2-week trial of rTMS experienced a signi fi cant shift in RMT level that could justify 
recalibration of treatment dose, although no signi fi cant group variation was found  [  8  ] . 
A decision to remeasure RMT over time should be in fl uenced by considerations as to 
whether the patient is close to safety thresholds in the baseline dose applied. The 
baseline RMT level does not appear to in fl uence the outcome of treatment  [  9  ] . 

 Note: The intensity of stimulation will vary substantially between different 
brands of rTMS equipment and between different TMS coil types. It is also possible 
that it will vary signi fi cantly when the same machine but different coils are being 
used. If an individual patient is to be treated with more than one device or coil, it 
should be established prior to treatment if there is any variation. The easiest way to 
do this is to measure the resting motor threshold with the different device/coils on 
several patients to establish the consistency of the measures obtained.       

    6.2.1   Clinical Recommendations 

 Although there are limitations in the applicability of RMT measures to prefrontal 
areas, at this stage, rTMS dosing should be based on individual measurement of the 
RMT. There are a variety of methods for RMT assessment, a number of which are 
likely to be equivalent in practical implementation. The most important consider-
ation is that each prescribing clinician is trained in and familiar with the method that 
he or she is able to apply consistently. RMT should be assessed at the start of each 
acute course of treatment to determine dosing based on safety and ef fi cacy consid-
erations in the hemisphere to which stimulation will be applied. The RMT should 
be reassessed when patients alter their consumption of CNS active drugs. The RMT 
should also be periodically reassessed when patients have extended treatment 
courses or maintenance rTMS over time.   
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    6.3   Selection of Treatment Type and Parameters 

 As discussed in Chapter   4    , a considerable body of research has evaluated a variety 
of methods of rTMS application including high-frequency stimulation applied to 
the left DLPFC, low-frequency stimulation applied to the right DLPFC and varia-
tions of bilateral stimulation. Clearly, the vast majority of research has established 
the ef fi cacy of high-frequency stimulation applied to the left DLPFC, most com-
monly at 10 Hz. This data includes the pivotal Neuronetics Ltd-sponsored clinical 
trial that led to device registration in the USA. As such, it is likely that high- 
frequency stimulation applied to the left DLPFC is likely to be the initial rTMS 
treatment option selected for most patients. 

    6.3.1   Considerations with Left-Sided High-Frequency rTMS 

    6.3.1.1   Frequency 
 Although there are antidepressant studies of the effect of frequencies such as 5 
and 20 Hz, the vast majority of studies have been conducted with 10 Hz 
 stimulation. This includes the two main large randomised multisite rTMS trials 
 [  3,   10  ] . There are no studies showing any particular advantage of stimulation at 
other frequencies. Given the depth of research that has focused on this particular 
frequency, unless evidence emerges to the contrary, most treatment should be 
provided at 10 Hz.  

    6.3.1.2   Train Duration and Intensity 
 As discussed previously, there is a relationship between train duration and intensity 
in regard to the safety of rTMS administration. If trains are to be provided at an 
intensity of 120 % of the RMT, train duration should be limited to 4.2 s. Longer 
trains, most commonly 5 s in duration, can be safely administered at lower intensity, 
for example, 110 % of the RMT.  

    6.3.1.3   Train Number 
 Seventy- fi ve trains of 10 Hz stimulation were applied in the two large multisite 
rTMS trials conducted to date  [  3,   10  ] . This was considerably in excess of the 
number of trains used in most trials until that time, with previous studies often 
applying only 20–30 trains. Given that the remission rates in both of these trials 
were fairly modest, it is not clear whether this increase in train number resulted 
in substantially greater ef fi cacy than had been seen previously. Speci fi c research 
is urgently required to determine whether there is a direct relationship between 
treatment dose (pulse number) and clinical response. In the absence of this data, 
the provision of 75 trains per treatment session is becoming a de facto standard 
treatment approach.   

http://dx.doi.org/10.1007/978-3-642-36467-9_4
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    6.3.2   Use of Right-Sided Low-Frequency rTMS 

 There are a number of potential advantages of low-frequency right-sided rTMS that 
could lead to its potential consideration as  fi rst-line treatment or alternatively as an 
approach in circumstances where high-frequency stimulation cannot be tolerated or 
may be considered potentially unsafe. Low-frequency stimulation, especially as it is 
known to reduce cortical excitability rather than increase cortical excitability, is 
likely to be associated with a substantially lowered risk of seizure induction. 
Therefore, there may be circumstances in which the risks associated with a trial of 
low-frequency stimulation may be considered appropriate where high-frequency 
stimulation raises too high a risk of seizure induction. This could be because an indi-
vidual patient has a risk factor for seizure induction or heightened cortical excitabil-
ity. It could also be because the risk of actually experiencing a seizure may be 
considered too high, for example, in somebody with compromised cardiac function. 
It should be noted, however, that the risk of seizure induction with low-frequency 
stimulation is not zero but is likely to be less than with high-frequency stimulation. 

 Another circumstance in which low-frequency right-sided stimulation may be 
considered as an alternative is where high-frequency stimulation is not tolerated by 
individual subjects. The vast majority of patients will  fi nd low-frequency stimula-
tion more tolerable than the intense bursts of high-frequency stimulation although 
this is not universal. 

 Finally, right-sided stimulation may be considered as a treatment option in patients 
who have failed to respond to high-frequency left-sided rTMS. Studies which have 
compared the two approaches have generally found equivalent ef fi cacy. Little 
research has explored rates of response to one treatment in the event of failure of the 
other. We previously found that a minority of patients will respond to a trial of high-
frequency left-sided rTMS if they had failed to respond to low-frequency right-sided 
rTMS. However, no systematic research has explored crossover in the opposite direc-
tion. However, given the low risks associated with right-sided low-frequency stimu-
lation, this could be considered a treatment alternative in some patients. 

    6.3.2.1   Dosing of Right-Sided Low-Frequency rTMS 
 Early studies of right-sided low-frequency rTMS applied a small number of 60 s 
trains, usually with a 30 or 60 s inter-train interval. More recent studies have com-
monly used a single 15 min train (900 pulses) in each treatment session. This dosing 
remains much lower than the common dosing with 10 Hz stimulation (3,750 pulses 
across 75 trains per session), but no studies have explored higher low-frequency 
doses. Based on the existing data, a single 15 min treatment session at 120 % of the 
RMT appears a conservative and sensible approach.   

    6.3.3   Sequential Bilateral rTMS 

 At this time, it is not clear whether bilateral rTMS has a role in clinical practice. 
Although some studies of sequential bilateral rTMS were promising  [  11  ]  and at 
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least one study has found superior ef fi cacy than unilateral treatment  [  12  ] , a number 
of studies have found equivalent or inferior responses to bilateral compared to uni-
lateral rTMS (e.g.  [  13  ] ). Based on this research, there are no clear indications for 
bilateral rTMS at this time. 

    6.3.3.1   Clinical Recommendations 
 At this stage, under most circumstances,  fi rst-line rTMS treatment is likely to entail 
10 Hz stimulation applied to the left DLPFC. Under most circumstances, a dose of 
75 four second trains applied at up 120 % of the RMT is recommended. It is likely 
that many patients, especially those with a RMT of greater than 50 %, will bene fi t 
from a progressive increase in treatment intensity over the course of one or more 
treatment sessions until the target dose is achieved. When practitioners measuring 
the RMT have limited experience, dosing at 110 % of the RMT is sensible to ensure 
that there is a margin of safety in case of minor errors in RMT estimation. Low-
frequency right-sided stimulation is a good option for patients who have trouble 
tolerating left-sided treatment, who have additional risk factors for seizure induc-
tion or when left-sided treatment has failed to produce therapeutic effects.    

    6.4   Treatment Scheduling and Duration 

 The vast majority of rTMS studies have provided treatment 5 days per week, Monday 
to Friday. Two studies have explored whether this frequency of treatment is required 
for adequate ef fi cacy. In the  fi rst study, one group of patients received treatment 5 
days a week for 2 weeks, and the second received three treatments in week 1 and two 
treatments in week 2  [  14  ] . No signi fi cant differences between the groups were seen 
in outcomes although the sample size in this study was relatively small. In a more 
recent study, 77 patients were randomised to receive either rTMS 5 days a week for 
4 weeks (20 treatments) or treatment 3 days a week for 6 weeks (18 treatments)  [  15  ] . 
When assessed at 4 weeks, the patients who received daily treatment had improved 
to a greater degree. However, similar ef fi cacy was achieved by the two groups when 
end-of-treatment assessments were compared. This indicated that more widely 
spaced treatment resulted in a slower response, but a response of a similar degree of 
ef fi cacy. We have some limited experience in the provision of treatment 7 days per 
week. The patients treated in this way mostly have not been noted to respond more 
quickly and on several occasions have actually required further treatment sessions 
such that the overall treatment duration remained approximately 4 weeks. Limited 
research has explored the use of twice-daily rTMS  [  16  ] . Although this appears as 
effective, we lack studies comparing twice daily to once daily rTMS. Overall effect 
sizes seen do not seem to be greater than that seen with standard treatment. 

 Trials to date have varied considerably in how they have dealt with missed treat-
ment sessions or extended session breaks, for example, over long weekends. In our 
experience, treatment can successfully proceed when patients have missed individ-
ual treatment sessions, but it would seem sensible to try and provide at least three 
treatment sessions within each week period and to limit protracted breaks. 
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 In regard to the duration of rTMS treatment courses, these have varied across 
time from 1 week in initial studies to 6 weeks or longer in studies published in 
recent years. One method of analysis has suggested that better clinical responses 
have been seen in more recent clinical trials than earlier studies; it is possible that 
the increasing duration of treatment is a factor in this improvement  [  6  ] . There does 
appear to be a progressive improvement in mood across time during treatment 
implying that longer courses of treatment are likely to result in better clinical out-
comes. For example, there was a clear reduction, week by week, in depression 
severity across a 6-week period of time in the active treatment group in a trial of 
sequential bilateral rTMS conducted by our group (see Fig.  6.3 )  [  11  ] .  

 It is not clear, however, whether there is an optimal period of treatment. In a 
series of open-label clinical trials we have conducted, substantial response and 
remission rates have been achieved with 4 weeks of treatment. However, a subpopu-
lation of patients does require a longer period of treatment to achieve substantial 
response. Although most patients will initially report some improvement during 
either week 2 or week 3 of treatment, occasionally patients do not experience mood 
shifts until considerably later. Four weeks seem to be a reasonably balanced mini-
mal duration of adequate treatment. Unless patients have previously responded to a 
course of rTMS, we would rarely recommend continuing beyond 4 weeks if no 
clinical improvement has been achieved to date. A trial of right-sided treatment or 
another type of non-rTMS therapy should be considered under those circumstances. 
However, when patients have achieved partial response by the 4-week time point, 
extending treatment beyond this is clearly warranted and justi fi able. 

 It can also be unclear when to cease treatment when a patient has responded 
clinically. Generally, patients should continue treatment whilst they are improving, 
but once clinical response has reached a plateau at an adequate level, we typically 

Subjects receiving active
treatment (N = 25)
Subjects receiving sham
stimulation (N = 25)
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  Fig. 6.3    The progressive 
reduction in depression 
scores in a clinical trial of 
bilateral rTMS seen in active 
treatment group over a 
6-week period  [  11  ]        
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recommend cessation of treatment. However, we frequently also recommend several 
more treatment sessions to potentially consolidate the gains achieved. It is notable 
that patients may continue to demonstrate some further improvement after the ces-
sation of treatment, although it is unclear whether this is a neural/brain or psycho-
social effect. 

 There is no evidence of the accumulation of adverse events or side effects with 
the extension of a course of treatment beyond 4 weeks. Patients tolerating a course 
of treatment will usually continue to do so. However, limited research has explored 
the overall safety of longer courses of rTMS treatment. 

    6.4.1   Clinical Recommendations 

 rTMS treatment should typically be provided  fi ve times per week to achieve ef fi cacy 
at least equivalent to that seen in clinical trials. However, patients should not be 
excluded from treatment if they have missed treatment sessions: treatment at slightly 
reduced frequency, for example, three or four times per week, may be more accept-
able to some patients and still maintain reasonable clinical results. Treatment at 
greater frequency, for example, twice daily or 7 days per week, cannot be justi fi ed 
at this stage. 

 A minimum duration of adequate treatment with rTMS provided on a daily basis 
would be 4 weeks, although some patients may require a longer course of treatment 
to respond. Extension of treatment beyond 4 weeks is clearly justi fi able when 
patients have previously responded to rTMS or have had a partial improvement but 
continue to experience symptoms after 4 weeks.   

    6.5   Concurrent Treatments 

 There are two potential issues with the consideration of concurrent medication treat-
ment: whether there is a possibility of an impact on treatment ef fi cacy, either favour-
able or not, and whether concurrent medication treatment increases the risk of 
adverse events such as seizure induction. 

 In regard to ef fi cacy, a large number of clinical trials of rTMS in depression have 
included patients receiving antidepressant and often other forms of psychotropic 
medication. Several of the larger multisite trials (e.g.  [  3  ] ), however, have been con-
ducted in medication-free patients. When patients on medication have been enrolled 
in trials, it has been common to include only those who have failed to adequately 
respond to medication and where the dose of medication has been unchanged for a 
signi fi cant period of time prior to rTMS treatment, often 4 weeks. From the results 
of these trials, it appears that rTMS is effective in both medication-free and concur-
rently medicated patients. 

 The situation is not as clear, however, when we consider the concurrent  com-
mencement  of medication and rTMS treatment. Trials investigating this approach 
have generally found little difference between active and sham treatment, perhaps 
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because the possible effects are more limited when concurrent treatment is com-
menced (e.g.  [  17  ] ). Concurrently commencing treatment also raises a simple practi-
cal clinical issue: if a patient responds under these circumstances, it is not possible 
to know whether it was the medication, rTMS or the combination, which resulted in 
clinical improvement. This uncertainty is likely to have implications for future rec-
ommendations regarding treatment options if the patient experiences a relapse. 

 One trial in another disorder did suggest that medication could potentially under-
mine rTMS response. This early study of the effect of rTMS treatment for auditory 
hallucinations in patients with schizophrenia found that patients responded more 
poorly when receiving rTMS concurrent with a mood stabiliser  [  18  ] . However, this 
has not been replicated in other hallucination studies, and analyses in substantial 
depression samples have not found this effect. In fact, analyses in depression sam-
ples have not found a moderating effect of any of the medication classes 
investigated. 

 In regard to safety considerations, the main concern is that concurrent medica-
tions may alter cortical excitability and contribute to a greater risk of seizure induc-
tion (Table  6.1 ). However, if medication is present at the time of the measurement 
of the RMT and the dose does not change over time, the effect on cortical excitabil-
ity is likely to be at least partially controlled for in this initial measurement. However, 
changes in medication dose during treatment may result in an uncontrolled altera-
tion of excitability increasing risk. Therefore, if substantial changes in medication 
doses are made, RMT levels should be remeasured and the prescribed rTMS inten-
sity adjusted accordingly.  

 Of note, the greatest concerns in regard to safety of medication during rTMS 
treatment are likely to arise with medications known to predispose to seizures or 
alter excitability. Caution is warranted with clozapine, bupropion, tricyclic antide-
pressants and stimulants such as amphetamine derivatives. However, a number of 
studies have included clozapine-treated patients in trials without complication, and 
we have treated depressed patients concurrently taking medication from all antide-
pressant classes. We have also treated without incident a number of patients receiv-
ing stimulants. However, given the short duration of action of many of the 
medications in this class, we will often treat at a time of trough plasma levels. We 
also typically ensure that the measurement of the RMT and the provision of treat-
ment occur at approximately the same time following medication dosing, for exam-
ple, between 4 and 5 h after the morning or most recent dose. 

    6.5.1   Clinical Recommendations 

 There do not appear to be any adverse implications for the commencement of rTMS 
treatment in patients who are receiving a stable dose of psychotropic medication. 
Patients who have experienced a partial response to medication should not be 
weaned off this medication to undergo rTMS treatment unless for other speci fi c 
reasons. There is no sensible rationale for the concurrent commencement of rTMS 
treatment and antidepressant medication, and this should be avoided. Careful monitoring 
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of the RMT and adjustment of treatment dose is required if medication is altered 
during treatment, especially when patients are receiving medications known to 
effect cortical excitability or the RMT.   

    6.6   Coil Positioning and Location 

 The vast majority of studies that have evaluated the ef fi cacy of rTMS treatment in 
depression have utilised the standard ‘5-cm method’ for coil localisation (see 
Box  6.3 ). This method is dependent on the accurate localisation of the optimal site 
for stimulation of muscles in the hand contralateral to the site of stimulation. This 
typically occurs during the measurement of the RMT allowing a smooth transition 
to the measurement of the site of stimulation after this task has been undertaken. 
Although it was originally proposed that the 5-cm method would result in localisa-
tion of the stimulation coil over the dorsolateral prefrontal cortex (DLPFC), consid-
erable doubt has been raised as to whether this occurs in most patients. DLPFC is 
typically de fi ned by areas 9 and 46 in the Brodmann classi fi cation system. Some 
time ago, research demonstrated that the 5-cm technique would result in localisation 
of stimulation in DLPFC in only a minority of subjects  [  19  ] . In the majority of sub-
jects, localisation was more posterior and occasionally more medial than the 
DLPFC. It is possible that DLPFC stimulation would result from the extension of 
the stimulation  fi eld into DLPFC from the more posteriorly located sites, but the 
intensity of this stimulation would be quite limited. Despite these concerns, clearly 
stimulation using the 5-cm technique has resulted in clinical ef fi cacy in previous 
clinical trials. However, it may be possible to achieve greater clinical ef fi cacy by 
modi fi cation of this technique. 

 In planning an approach that would potentially result in enhanced ef fi cacy, the  fi rst 
consideration must be to de fi ne the area most likely to achieve bene fi cial clinical out-
comes. The original target, DLPFC de fi ned as Brodmann areas 9 and 46, is a quite 
large area of lateral prefrontal cortex overlapping superior, middle and parts of inferior 
frontal gyri. These Brodmann regions were characterised from analysis of a single 
post-mortem brain, and as such there is likely to be considerable error if directly 
applied to a broader range of subjects. A modern post-mortem study remeasured the 
site of areas 9 and 46 on multiple brains, producing a signi fi cantly more constrained 
area focused mainly on the superior frontal gyrus (area 9) in the middle frontal gyrus 
(area 46)  [  20  ] . One possibility is to try and anatomically target these regions. Another 
approach is to try and target a region based upon an identi fi cation of DLPFC abnor-
malities in the neuroimaging literature. However, a quantitative meta-analysis of neu-
roimaging changes in DLPFC in patients with depression did not suggest a clearly 
uniform target  [  21  ] . Given these concerns, few clinical studies have attempted to 
improve on the use of the 5-cm method. One study, using MRI-based neuronaviga-
tion, compared response to treatment localised using the 5-cm method to treatment 
localised to the junction of areas 9 and 46 based on the multiple-brain de fi nition of 
these regions  [  22  ] . Promisingly, the study found enhanced clinical response with neu-
ronavigationally targeted treatment to this site which was considerably more anterior 
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and lateral than the site typically identi fi ed using the 5-cm method. However, these 
results have not been replicated to date. 

 If we do accept the results of this comparison, does it imply that neuronavigation 
is required to achieve enhanced treatment outcomes? It is possible that a similar 
improvement in outcome may be achieved with a more simple method that also 
results in more anterior and lateral treatment localisation and potentially also takes 
into account variation in head size, a clear de fi ciency of the 5-cm technique. One 
possibility that meets these criteria is the use of the system of measurement used for 
the 10–20 EEG system. The methods for establishing cortical sites with this system 
are relatively widely understood, and EEG coordinates can be reliably correlated 
with underlying cortical areas  [  23  ] . A site such as the F3 EEG point is known to 
relate to DLPFC and is likely to be more anterior than a 5-cm localised treatment 
point in most subjects. A simple guide for the measurement of the F3 site has been 
recently published  [  24  ]  (see Fig.  6.5  for an overview of the standard method). It is 
also possible that enhanced clinical responses may be seen with a simple modi fi cation 
such as measuring 6 or 7 cm anterior to the motor site. Although such an approach 
still does not take into account individual differences in head size, it will ensure that 
treatment application does not differ too substantially from that used in clinical tri-
als. This is a sensible approach until further studies establish the ef fi cacy of more 
advanced methods of DLPFC localisation. 

    6.6.1   Clinical Recommendations 

 The typical approach to localise rTMS treatment is to target a point 5 cm anterior to 
the optimal site of stimulating hand muscles on the contralateral side. However, this 
does not allow for individual variability in head size. A sensible alternative is to 
extend this distance, possibly to 6 or 7 cm, especially in subjects with average to 
above average head circumference. The use of the F3 (and F4 on the right) EEG 
points as locations for treatment is also a sensible and conservative modi fi cation to 
this technique that could be adapted for clinical use.        

     Box 6.3. 5-cm Method for Location of rTMS Treatment Site 
     1.    Locate the cortical site for the optimal stimulation of hand muscles in the 

contralateral side (see Box  6.2  above).  
    2.    Mark this site on the scalp.  
    3.    Using a  fl exible measuring tape, measure 5 cm forward (or more as de fi ned 

by protocol) from the motor site in a sagittal plane (see Fig.  6.4 ).  
    4.    Mark the subsequent site.     
  Measuring the distance between this site and several anatomical landmarks 
(e.g. the preauricular and nasion points) will allow the remeasurement of this 
site without the localisation of the RMT on subsequent days.   
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Treatment site

5 cm

Motor site

5 cm along scalp surface

DLPFC target site

Approximate field of
stimulation

Site of stimulation of hand
muscles

  Fig. 6.4    The measurement of the 5-cm method for treatment site localisation       
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