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Introduction 

Transcranial is a word that means passing through the skull. Transcranial magnetic stimulation is 
a treatment in which magnetic pulses travel through the skull and into the areas of the brain 
involved in mood control and depression. For this treatment, an electromagnetic coil is placed 
on the scalp. This coil creates magnetic fields that turn on and off very fast. The magnetic fields 
then travel into the brain, but only a small distance. As the pulses travel, they produce very weak 
electrical currents. It’s believed that these currents stimulate cells that release neurotransmitters 
like serotonin and dopamine. Transcranial magnetic stimulation can be used for certain types of 
depression when other treatments haven’t worked. This policy describes when transcranial 
magnetic stimulation may be considered medically necessary. 

 

Note:   The Introduction section is for your general knowledge and is not to be taken as policy coverage criteria. The 
rest of the policy uses specific words and concepts familiar to medical professionals. It is intended for 
providers. A provider can be a person, such as a doctor, nurse, psychologist, or dentist. A provider also can 
be a place where medical care is given, like a hospital, clinic, or lab. This policy informs them about when a 
service may be covered. 
 

Policy Coverage Criteria  
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This policy addresses the following types of transcranial magnetic stimulation (TMS) and 
outlines when application may be considered medically necessary: 
• Deep transcranial magnetic stimulation of the brain 
• Standard/conventional repetitive transcranial magnetic stimulation of the brain 
• Theta burst stimulation of the brain with the exceptions of accelerated theta burst 

stimulation and the SNT/SAINT protocol 
 

The policy addresses when the types of transcranial magnetic stimulation (TMS) listed 
above may be considered medically necessary for treatment of the following conditions 
(click indication to navigate to that section): 
• Major depression as a component of Bipolar Disorder (bipolar depression) 
• Major Depressive Disorder (unipolar depression) 
• Obsessive-Compulsive Disorder 
 

Indication Investigational 
All other types of 
transcranial magnetic 
stimulation (TMS) 

All other types of transcranial magnetic stimulation (TMS) 
outside of those listed above, including but not limited to the 
following, are considered investigational: 
• Accelerated TMS at 3 or more treatments per day 
• Any type of TMS with biomarkers 
• Computer-assisted transcranial magnetic stimulation of the 

prefrontal cortex (aka Group 8 Technology computer-assisted 
transcranial magnetic stimulation of the prefrontal cortex) 

• Functional MRI-guided TMS 
• Low field magnetic stimulation 
• Magnetic seizure therapy 
• MeRT (magnetic e-resonance therapy--TMS guided by 

quantitative EEG and EKG) 
• MRI-guided TMS 
• Multiarray TMS 
• Navigated TMS 
• Single pulse TMS 
• Synchronized TMS 
• The SNT/SAINT protocol (Stanford Neuromodulation Therapy 

aka Stanford Accelerated Intelligent Neuromodulation Therapy) 
aka accelerated repetitive high-dose connectivity MRI-guided 
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Indication Investigational 
theta-burst stimulation including functional MRI personalized 
target development and including neuronavigation 

• TMS with neuronavigation aka image-guided coil placement 
Theta burst stimulation 
• Major depression as a 

component of Bipolar 
Disorder 

• Obsessive Compulsive 
Disorder 

Theta burst stimulation is considered investigational for the 
treatment of major depression as a component of Bipolar 
Disorder (bipolar depression) and the treatment of Obsessive 
Compulsive Disorder. 

• All other psychiatric 
disorders or conditions 

• Neurologic disorders 
and conditions 

• Substance abuse 
disorders and 
conditions 

TMS and specific TMS protocols for all other psychiatric 
disorders or conditions, for all substance use disorders and 
conditions, and for all neurologic disorders or conditions, 
which are not addressed in this policy are considered 
investigational.   

TMS as an augmenting 
intervention 

Use of TMS to boost the effectiveness of other treatment 
modalities, including but not limited to drugs or other devices, 
is considered investigational.     

Technology computer-
assisted TMS 

Technology computer-assisted transcranial magnetic 
stimulation of the prefrontal cortex is considered 
investigational. 

 

Indication Medical Necessity 
Major Depressive Disorder 
(unipolar depression) 

The following types of transcranial magnetic stimulation 
(TMS) may be considered medically necessary when policy 
criteria are met: 
• Deep transcranial magnetic stimulation of the brain 
• Standard/conventional repetitive transcranial magnetic 

stimulation of the brain 
• Theta burst stimulation of the brain with the exceptions of 

accelerated theta burst stimulation and the SNT/SAINT 
protocol 
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Indication Medical Necessity 
A first course of TMS of the brain may be considered medically 
necessary for the treatment of Major Depressive Disorder 
(unipolar depression) without psychotic features when: 
• The individual is aged 15 years old and older 
• Is experiencing a current episode of moderate to severe 

depression as demonstrated by documentation of the 
individual‘s symptoms and their severity or by one or more 
standardized depression rating scales  

• One of the following criteria are met: 
o Failure of at least 3 antidepressant medications from at 

least 2 different classes  
OR 
o Failure of at least 2 different antidepressant medications 

from at least 2 different classes, plus failure with the 
addition of an augmenting agent to at least one of the 
failed antidepressants 

 

Note: Please see Additional Information below. 

Major depression as a 
component of Bipolar 
Disorder (bipolar 
depression) 

The following types of TMS may be considered medically 
necessary when policy criteria are met: 
• Deep transcranial magnetic stimulation of the brain 
• Standard/conventional repetitive transcranial magnetic 

stimulation of the brain 
 
A first course of TMS of the brain may be considered medically 
necessary for the treatment of bipolar depression (major 
depression as a component of Bipolar Disorder) without 
psychotic or manic features when: 
• The individual is aged 18 years and older 
• Is experiencing a current episode of moderate to severe 

depression as demonstrated by documentation of the 
individual‘s symptoms and their severity or by one or more 
standardized depression rating scales 

• Failure of at least 3 of the following  medications: 
cariprazine/Vraylar; lamotrigine/Lamictal; lithium; 
lumateperone/Caplyta; lurasidone/Latuda; olanzapine-
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Indication Medical Necessity 
fluoxetine combination/Symbyax; quetiapine regular 
(immediate release) or XR/Seroquel; valproate/Depakote 

 
Theta burst stimulation is considered investigational for the 
treatment of major depression as a component of Bipolar 
Disorder (bipolar depression). 
 
Note: Please see Additional Information below. 

Obsessive-Compulsive 
Disorder 

The following types of TMS may be considered medically 
necessary when policy criteria are met: 
• Deep transcranial magnetic stimulation of the brain 
• Standard/conventional repetitive transcranial magnetic 

stimulation of the brain 
 

A first course of TMS of the brain may be considered medically 
necessary for the treatment of Obsessive-Compulsive Disorder 
when: 
• The individual is aged 18 years old and older 
• Has an Obsessive-Compulsive Disorder that is currently 

moderate to severe as demonstrated by documentation of the 
individual‘s symptoms and their severity or by a standardized 
rating scale 

• Failure of at least 3 of the folloiwnng medications: 
clomipramine/Anafranil; any SSRIs (selective serotonin reuptake 
inhibitors) 

 
Theta burst stimulation is considered investigational for the 
treatment of Obsessive-Compulsive Disorder. 
 
Note: Please see Additional Information below. 

Contraindications Transcranial magnetic stimulation (TMS) of the brain is 
considered not medically necessary when any of the following 
contraindications are present prior to initiation of a course of 
TMS of any length, or during any ongoing course of TMS 
including a full intensive course of TMS, a repeat full intensive 
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Indication Medical Necessity 
course of TMS, a short or brief intensive course of TMS, or 
maintenance TMS:  
• Presence of a brain tumor  
• A history of a brain tumor with no documentation that a 

neurologist or neurosurgeon has evaluated the individual and 
determined that the individual can safely have TMS  

• A history of repetitive or severe head trauma/traumatic brain 
injury with no documentation that a neurologist or 
neurosurgeon has evaluated the individual and determined 
that the individual can safely have TMS   

• An unspecified brain lesion with no documentation that a 
neurologist or neurosurgeon has evaluated the individual and 
determined that the individual can safely have TMS 

• Acute or chronic psychotic disorder, including Schizophrenia, 
Schizoaffective Disorder, and Schizophreniform Disorder 

• Any condition with increased intracranial pressure 
• Current psychotic symptoms (acute or chronic) 
• Current substance abuse/excessive substance use 
• Dental implants (other than fillings) with magnetically sensitive 

material located on the side of the head on which TMS will be 
done   

• Non-removable conductive, ferromagnetic, or other magnetic-
sensitive metals implanted or embedded in the head or neck 
within 30cm of where the TMS coil will be placed, except for 
dental fillings, and except vagus nerve stimulation under 
certain conditions (see TMS in conjunction with other 
neuromodulation modalities below) 

• Other implanted stimulators controlled by or that use electrical 
or magnetic signals, except vagus nerve stimulation under 
certain conditions (see TMS in conjunction with other 
neuromodulation modalities below) 

• Seizure disorder or a history of a seizure disorder, unless stable 
and well-controlled on medication, or a history of isolated 
febrile seizures or ECT-induced seizures, or seizures were due 
to adverse drug side effects or interactions, or seizures were 
due to substance (alcohol or drug) withdrawal and the 
individual is abstintent from the substances 
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Indication Medical Necessity 
• Severe dementia 
• Documentation that any type of medical clearance (e.g., 

cardiac) is required, until such clearance is obtained 
Course of full intensive 
TMS 

Courses of intensive TMS (daily treatments 4-5 days/week) 
consist of either full courses, or brief courses (aka mini courses 
or booster courses), as explained in the criteria below.   
 
A full intensive course of standard/conventional repetitive 
transcranial magnetic stimulation or theta burst stimulation 
may be considered medically necessary when the criteria 
above are met and TMS is delivered as follows: 
• A course of 30 treatments over 6-7 weeks, at a frequency of 

one treatment daily 4-5 days per week, with an optional 6 
additional treatments for a taper over 3 weeks (3 treatments on 
separate days in the first week, 2 treatments on separate days 
in the second week, and 1 treatment in the third week), for a 
total of 30 or 36 treatments. The first treatment session may 
include treatment planning, cortical mapping, and initial motor 
threshold determination; 1-3 subsequent treatment sessions 
may include motor threshold re-determination. 

• More than one treatment session that includes treatment 
planning, cortical mapping, and initial motor threshold 
determination is considered not medically necessary except 
when there is an equipment problem that causes the initial 
cortical mapping and threshold determination to be done 
incorrectly, or there is a problem with TMS treatments which 
the provider suspects or determines is due to the initial cortical 
mapping and threshold determination not having been done 
correctly, or treatment is changed to a different TMS device.            

• More than three treatment sessions that include motor 
threshold re-determination are considered not medically 
necessary except when TMS is not being effective and the 
provider suspects or determines that the position of the TMS 
device or the strength of the magnetic pulse is not correct, or 
there is a medical problem or condition that could be adversely 
impacting the effectiveness of TMS, or there has been a 
medication change that could potentially impact cortical 
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Indication Medical Necessity 
excitability, or there is a clinical event that could potentially 
lower the seizure threshold (e.g., sleep deprivation).  

 
A full intensive course of deep TMS may be considered 
medically necessary when the criteria above are met and TMS 
is delivered as follows: 
• A course of 20 treatments over 4 weeks, at a frequency of one 

treatment daily 5 days per week, called the intensive phase, 
followed by a course of 2 treatments weekly on separate days 
over 10-12 weeks, called the continuation phase, for a total of 
40-44 treatments. The first treatment session may include 
treatment planning, cortical mapping, and initial motor 
threshold determination; 1-3 subsequent treatment sessions 
may include motor threshold re-determination. 

OR 
• A course of 30 treatments over 6-7 weeks, at a frequency of 

one treatment daily 4-5 days per week, with an optional 6 
additional treatments for a taper over 3 weeks (3 treatments on 
separate days in the first week, 2 treatments on separate days 
in the second week, and 1 treatment in the third week), for a 
total of 30 or 36 treatments. The first treatment session may 
include treatment planning, cortical mapping, and initial motor 
threshold determination; 1-3 subsequent sessions may include 
motor threshold re-determination.  

 

More than one TMS treatment session that includes treatment 
planning, cortical mapping, and initial motor threshold 
determination is considered not medically necessary except 
when: 
• There is an equipment problem that causes the initial cortical 

mapping and threshold determination to be done incorrectly, 
OR 
• There is a problem with TMS treatments which the provider 

determines is due to the initial cortical mapping and threshold 
determination not having been done correctly,  

OR 
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Indication Medical Necessity 
• Treatment is changed to a different TMS device 
 
More than three treatment sessions that include motor 
threshold re-determination are considered not medically 
necessary except when: 
• TMS is not being effective and the provider suspects or 

determines that the position of the TMS device or the strength 
of the magnetic pulse is not correct,  

OR 
• There is a medical problem or condition that could be 

adversely impacting the effectiveness of TMS,  
OR  
• There has been a medication change that could potentially 

impact cortical excitability,  
OR  
• There is a clinical event that could potentially lower the seizure 

threshold (e.g., sleep deprivation) 
• Extended full or short 

intensive course 
• Extended intensive phase 

(deep TMS) 

An extension of an intensive course of TMS (one treatment 
daily 4-5 days/week) beyond 30 treatments, or of the intensive 
phase of deep TMS (one treatment daily 5 days/week) beyond 
20 treatments, may be considered medically necessary when: 
• The individual has had minimal to no improvement or has been 

a slow responder and symptoms are still moderate or severe as 
demonstrated by documentation of the individual’s symptoms 
and their severity or by a standardized rating scale. 

OR 
• Has had a partial response, but symptoms are still moderate or 

severe as demonstrated by documentation of the individual’s 
symptoms and their severity or by a standardized rating scale. 

OR 
• Had a positive response but then symptoms worsened during a 

taper or within a few days of completing treatment and are 
now moderate or severe as demonstrated by documentation of 
the individual’s symptoms and their severity or by a 
standardized rating scale. 

OR 
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Indication Medical Necessity 
• The individual has had a good response, symptoms have 

improved to mild, but the goal is to reach remission or as close 
as possible to remission.  

AND 
• The extension of the intensive course or phase consists of one 

treatment daily 4-5 days per week for a maximum of 10 total 
treatments if symptoms are mild, 15 total treatments if 
symptoms are moderate, or 20 total treatments if symptoms 
are severe. 

AND 
• If symptoms are mild or moderate, one session may include 

motor threshold re-determination; if symptoms are severe, 1-2 
sessions may include motor threshold re-determination. 

 
A second extension of TMS treatment may be considered 
medically necessary if symptoms are still moderate or severe 
after the first extension, or if symptoms are still mild or have 
improved to mild but the goal is to reach remission or as close 
as possible to remission.  
 
More than two extensions of TMS treatment are considered 
not medically necessary.  
• Failing to attain desired results (symptom reduction to mild or 

remission) after two extensions is considered to indicate that 
TMS is not effective for the individual, TMS is not adequately 
effective for the individual, or a benefit plateau has been 
reached. 

 
An extended intensive course or extended intensive phase 
(deep TMS) is considered not medically necessary if depression 
or obsessive-compulsive symptoms are in remission.  

Extended taper A taper at the completion of 30 intensive (4-5/week) 
treatments, or at the completion of an extended intensive 
course of TMS, is done with a maximum of 6 treatments over 3 
weeks as noted above. More than 6 treatments over more than 
3 weeks for an extended taper may be considered medically 
necessary when:  
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Indication Medical Necessity 
• The individual has had one or more previous courses of TMS 

with worsening of symptoms during tapering.  
OR 
• Has obtained maximum benefit from intensive TMS according 

to the provider but is at risk of worsening of symptoms during 
tapering as evidenced by symptoms not improving to mild or 
remission, or symptom severity fluctuating between 
improvement and worsening during intensive treatment. 

OR 
• Symptoms have improved, but the provider believes that the 

individual is at risk of worsening of symptoms during tapering 
based on a slower than expected response to TMS.  

AND 
• The extended taper will consist of no more than 10 additional 

treatments, for a maximum total taper of no more than 16 
treatments, and with a maximum frequency of 3 treatments 
weekly on separate days. The frequency is expected to 
decrease every 1 to 3 weeks over the course of the taper.  

 

An extended taper is considered not medically necessary if 
depression or obsessive-compulsive symptoms are in 
remission. 

Accelerated intensive TMS Accelerated intensive TMS consisting of 2 TMS treatments 
daily, but with no change in the total number of TMS 
treatments, to complete a course of TMS in a shorter period, 
may be considered medically necessary when:   
• The individual resides at a significant distance from the location 

of TMS treatment such that traveling to treatment daily 
constitutes a hardship. 

OR  
• Other legitimate factors make daily treatment for an extended 

period of time a hardship for the individual, e.g., inability to be 
absent from work daily for an extended period of time, or lack 
of daily transportation for an extended period of time, or the 
individual is relocating prior to the time when a standard 
protocol would be completed, or the individual’s schedule will 
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Indication Medical Necessity 
cause a break in treatment of a week or longer prior to the time 
when a standard protcol would be completed. 

 
More than 2 treatments daily are considered not medically 
necessary.  
 
More than two theta burst treatments daily via the SNT/SAINT 
protocol (Stanford Neuromodulation Therapy aka Stanford 
Accelerated Intelligent Neuromodulation Therapy aka 
accelerated intermittent theta burst stimulation) are 
considered investigational as noted above. 

Maintenance TMS Maintenance TMS (also referred to as relapse prevention) is a 
continuation of TMS after a full intensive course or after a 
brief intensive course (aka a mini-intensive course, a booster 
course, or a booster series), at reduced frequency, to maintain 
improvement. Maintenance TMS may be considered medically 
necessary when:  
• Intensive TMS resulted in symptom improvement to moderate, 

mild, or remission. 
• The frequency is 2 treatments/week (on separate days) or less 

frequent.  
• One treatment session may include motor threshold re-

determination no more frequently than every 10 treatment 
sessions. More frequent treatment sessions that include motor 
threshold re-determination are considered not medically 
necessary except when TMS is not being effective and the 
provider suspects or determines that the position of the TMS 
device or the strength of the magnetic pulse is not correct, or 
there is a medical problem or condition that could be adversely 
impacting the effectiveness of TMS, or there has been a 
medication change that could potentially impact cortical 
excitability, or there is a clinical event that could potentially 
lower the seizure threshold (e.g., sleep deprivation). 

• For continued authorization after the initial authorization of 
maintenance TMS, improvement is being maintained.   

• When maintenance TMS is stopped for any reason, resumption 
of maintenance TMS at a subsequent time may be considered 
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Indication Medical Necessity 
medically necessary if maintenance TMS had previously 
resulted in continued clinical stability. With the exception of the 
result of previous intensive TMS, the above requirements for 
maintenance TMS also apply for resumption of maintenance 
TMS 
 

 
Initial authorization: Maintenance TMS may be approved for 
up to 12 weeks.  
 
Subsequent reauthorizations may be approved for up to 12 
weeks when the frequency is 2 treatments/week, for up to 16 
weeks when the frequency is one treatment/week or one 
treatment every other week, and for up to 26 weeks if the 
frequency is one treatment/month or less. 
 
Maintenance TMS is considered not medically necessary if the 
preceding course of intensive TMS was determined by the 
Company to be not medically necessary. 

Repeat full intensive 
course 

A repeat full intensive course of TMS may be considered 
medically necessary when:   
• The individual had a positive response to a previous course of 

TMS, depression or obsessive-compulsive symptoms have 
worsened and are moderate to severe as demonstrated by 
documentation of the individual’s symptoms and their severity 
or by a standardized rating scale, and the last TMS treatment 
was at least 90 days ago. 

OR 
• The individual has failed to respond adequately to a current 

course of TMS, depression or obsessive-compulsive symptoms 
are moderate to severe as demonstrated by documentation of 
the individual’s symptoms and their severity or by a 
standardized rating scale, and a new course of TMS will be 
conducted with one of the other types of TMS 
(standard/conventional repetitive TMS, deep TMS, or theta 
burst stimulation, depending on what type was utilized for the 
failed trial) or with placement of the TMS coil in a different 
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Indication Medical Necessity 
location on the individual’s head. Only one repeat full intensive 
course of TMS is considered medically necessary when a course 
of TMS has failed. Failing to attain desired results after a 
second full intensive course of TMS is considered to indicate 
that TMS is not effective or is not adequately effective for the 
individual.  

OR 
• The individual failed to respond adequately to a prior course of 

TMS, depression or obsessive-compulsive symptoms are 
moderate to severe as demonstrated by documentation of the 
individual’s symptoms and their severity or by a standardized 
rating scale, and the provider has documented a reason or 
reasons why a repeat course of TMS might be effective based 
on what is different about the member’s clinical condition or 
how TMS will be applied differently than previously. Only one 
repeat full intensive course of TMS is considered medically 
necessary when a course of TMS has failed. Failing to attain 
desired results after a second full intensive course of TMS is 
considered to indicate that TMS is not effective or is not 
adequately effective for the individual. 

 
A repeat full intensive course of TMS is considered not 
medically necessary if depression or obsessive-compulsive 
symptoms are mild or in remission. 
 
Desired results are usually symptom reduction to mild or 
remission, but in some cases may be symptom reduction from 
severe to moderate for individuals with severe symptoms who 
have not responded to any other treatments. 
 
A repeat full intensive course of TMS is considered not 
medically necessary if the preceding full intensive course of 
TMS was determined by the Company to be not medically 
necessary. 

Short or brief intensive 
course (aka mini-intensive 

A short or brief intensive (one treatment daily 4-5 days/week) 
course of TMS, also referred to as a mini-intensive course or a 
booster course or a booster series, is an intensive course of 



Page | 15 of 60  ∞ 

Indication Medical Necessity 
course aka booster course 
or booster series)  

shorter length than a full intensive course.  A mini or brief or 
booster intensive course of TMS may be considered medically 
necessary when:   
• The individual had a positive response to a previous course of 

TMS, and depression or obsessive-compulsive symptoms have 
worsened as demonstrated by documentation of the 
individual’s symptoms and their severity or by a standardized 
rating scale. 

OR 
• Is undergoing maintenance TMS, and depression or obsessive-

compulsive symptoms are getting worse as demonstrated by 
documentation of the individual’s symptoms and their severity 
or by a standardized rating scale. 

AND 
• Has not had a short or brief intensive course of TMS in the past 

90 days. 
AND 
• The course consists of one treatment daily 4-5 days per week 

for a maximum of 10 total treatments if symptoms are mild, 15 
total treatments if symptoms are moderate, or 20 total 
treatments if symptoms are severe. 

AND 
• If symptoms are mild or moderate, one session may include 

motor threshold re-determination; if symptoms are severe, 1-2 
sessions may include motor threshold re-determination. 

 
A short or brief intensive course of TMS is considered not 
medically necessary if depression or obsessive-compulsive 
symptoms are in remission or are mild and not getting worse. 
 
A short or brief intensive course of TMS is considered not 
medically necessary if the preceding course of intensive TMS 
or maintenance TMS was determined by the Company to be 
not medically necessary. 

Consecutive or overlapping 
courses of TMS for 
different conditions 

Consecutive or overlapping courses of TMS for different 
conditions (e.g., for Major Depressive Disorder or bipolar 
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Indication Medical Necessity 
depression, and then for Obsessive-Compulsive Disorder) are 
considered not medically necessary. 

TMS with more than one 
provider at the same time  

TMS with more than one provider/group/clinic at the same 
time is considered not medically necessary. 

TMS in conjunction with 
Spravato or ketamine or 
any other psychedelic drug 

Use of TMS in conjunction with Spravato or with any type of 
ketamine or any other psychedelic drug, regardless of the 
reason for which Spravato or ketamine or another psychedelic 
drug is being used, is considered investigational. 

TMS in conjunction with 
other neuromodulation 
modalities 

Use of TMS in conjunction with vagus nerve stimulation (VNS) 
may be considered medically necessary for 3 months after 
vagus nerve stimulator implantation for Major Depressive 
Disorder, while waiting for VNS to become effective, if the 
individual has just completed a full or brief intensive course of 
TMS and is transitioning to maintenance TMS, or is 
undergoing maintenance TMS, and TMS has been partially but 
inadequately effective.  Use of TMS in conjunction with VNS 
may be considered medically necessary for a maximum of 3 
additional 3-month intervals if, at the completion of each 
interval, VNS has not resulted in improvement of depression 
to mild or remission based on a standardized rating scale.  
Continued TMS in conjunction with VNS is considered not 
medically necessary when either depression has improved to 
mild or remission based on a standardized rating scale, or, 12 
months have elapsed since vagus nerve stimulator 
implantation. 
 
Any other use of TMS in conjunction with vagus nerve 
stimulation (VNS) is considered not medically necessary. 
 
Use of TMS in conjunction with any other modality of 
neuromodulation, including but not limited to 
electroconvulsive therapy (ECT), deep brain stimulation (DBS), 
or cranial electrotherapy stimulation (CES), is considered not 
medically necessary. 

Continuation of TMS that 
was started under a non-
Company plan 

Continuation of TMS that was started under a non-Company 
plan may be considered medically necessary when criteria for 
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Indication Medical Necessity 
TMS were met at the time that TMS was started, and all other 
criteria for the type of TMS are met. 

 

Additional Information 
For Major Depressive Disorder, bipolar depression, and Obsessive-Compulsive Disorder: 
• Failure of a medication trial means that medication was not effective, was partially but 

inadequately effective, was effective for some period but then lost effectiveness, had to be 
stopped due to adverse effects, or doses could not be increased to potentially therapeutic 
levels due to adverse effects. 

• Each medication that failed must be individually identified, and the reason or reasons for 
failure must be specified for each medication. 

• Unless stopped because of intolerable adverse effects, a minimum of thirty continuous days 
with no or inadequate improvement is required before a medication trial is considered to be a 
failed trial. 

 
For Major Depressive Disorder and bipolar depression: 
• A diagnosis code that includes a numeral for severity, or a diagnosis with the descriptor 

moderate or severe, is not sufficient to establish severity; documentation of symptoms and 
their severity or score on a standardized rating scale is required. 

• Standardized rating scale scores of moderately severe are considered to be equivalent to 
severe. 

 
For Major Depressive Disorder: 
• Second generation antipsychotics, lithium, and anticonvulsants that are utilized as mood 

stabilizers are considered to be augmenting agents, not antidepressants.   
• Trials of antidepressants that are commonly used for insomnia are considered to be failed trials 

only if the dose was at minimum antidepressant dose (amitriptyline: 150 mg; doxepin: 150 mg; 
mirtazapine: 15 mg; trazodone: 150 mg), not at lower doses that are used for insomnia, or, if 
titration up to an antidepressant dose was planned but could not be done due to intolerable 
adverse effects. 

 
For bipolar depression:   
• Mixed episodes of Bipolar Disorder (concurrent depression and hypomanic or manic 

symptoms) are not equivalent to depressive episodes of Bipolar Disorder (bipolar depression). 
Transcranial magnetic stimulation is considered investigational for mixed episodes.  
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Additional Information 
For Obsessive-Compulsive Disorder: 
• A diagnosis with a descriptor of moderate or severe is not sufficient to establish severity; 

documentation of symptoms and their severity or score on a standardized rating scale is 
required.   

• Standardized rating scale scores of extreme are considered to be equivalent to severe.  
 

Documentation Requirements 
The individual’s medical records submitted for review for all conditions should document 
that medical necessity criteria are met. The record should include the following: 
• Diagnosis 
• Severity of symptoms 
• Brief history of the diagnosis 
• Medication trials, including the outcome of the trial for each medication  
• Age of individual 
• Contraindications, if any, to TMS 
• CPT codes and the number of sessions for each CPT code 
 

Coding  

 

Code Description 
CPT 

Investigational (Not Eligible for Coverage) 
 

0889T Personalized target development for accelerated, repetitive high-dose functional 
connectivity MRI-guided theta-burst stimulation derived from a structural and resting-
state functional MRI, including data preparation and transmission, generation of the 
target, motor threshold-starting location, neuronavigation files and target report, 
review and interpretation  

0890T Accelerated, repetitive high-dose functional connectivity MRI-guided theta-burst 
stimulation, including target assessment, initial motor threshold determination, 
neuronavigation, delivery and management, initial treatment day  

0891T Accelerated, repetitive high-dose functional connectivity MRI-guided theta-burst 
stimulation, including neuronavigation, delivery and management, subsequent 
treatment day  
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Code Description 
0892T Accelerated, repetitive high-dose functional connectivity MRI-guided theta-burst 

stimulation, including neuronavigation, delivery and management, subsequent motor 
threshold redetermination with delivery and management, per treatment day  

Reviewed for Medical Necessity 
90867 Therapeutic repetitive transcranial magnetic stimulation (TMS) treatment; initial, 

including cortical mapping, motor threshold determination, delivery and management 

90868 Therapeutic repetitive transcranial magnetic stimulation (TMS) treatment; subsequent 
delivery and management, per session 

90869 Therapeutic repetitive transcranial magnetic stimulation (TMS) treatment; subsequent 
motor threshold re-determination with delivery and management 

Note:  CPT codes, descriptions and materials are copyrighted by the American Medical Association (AMA). HCPCS 
codes, descriptions and materials are copyrighted by Centers for Medicare Services (CMS). 

 

Related Information  

 

Definition of Terms 

Clinical response: Improvement of 50% or more in the Hamilton Depression Rating Scale 

Remission: Score of 7 or less on the Hamilton Depression Rating Scale 

 

Evidence Review  

 

Description 

Transcranial magnetic stimulation (TMS) is a non-invasive method of delivering electrical 
stimulation to the brain. A magnetic field is delivered through the skull, where it induces electric 
currents that affect neuronal function. Repetitive TMS (rTMS) is being evaluated as a treatment 
of depression and other psychiatric/neurologic brain disorders. 
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Background 

Transcranial magnetic stimulation (TMS) was first introduced in 1985 as a new method of 
noninvasive stimulation of the brain. The technique involves placement of a small coil over the 
scalp; a rapidly alternating current is passed through the coil wire, producing a magnetic field 
that passes unimpeded through the scalp and bone, resulting in electrical stimulation of the 
cortex. TMS was initially used to investigate nerve conduction; for example, transcranial 
magnetic stimulation over the motor cortex will produce a contralateral muscular-evoked 
potential. The motor threshold, which is the minimum intensity of stimulation required to induce 
a motor response, is empirically determined for each individual by gradually increasing the 
intensity of stimulation. The stimulation site for treatment is usually 5 cm anterior to the motor 
stimulation site. 

Interest in the use of transcranial magnetic stimulation as a treatment for depression was 
augmented by the development of a device that could deliver rapid, repetitive stimulation. 
Imaging studies had showed a decrease in activity of the left dorsolateral prefrontal cortex 
(DLPFC) in depressed individuals, and early studies suggested that high frequency (e.g., 5–10 Hz) 
TMS of the left DLPFC had antidepressant effects. Low frequency (1–2 Hz) stimulation of the 
right DLPFC has also been investigated. The rationale for low frequency TMS is inhibition of right 
frontal cortical activity to correct the interhemispheric imbalance. A combination approach 
(bilateral stimulation) or deep stimulation with an H1 coil, are also being explored. In contrast to 
electroconvulsive therapy, transcranial magnetic stimulation does not require anesthesia and 
does not induce a convulsion. 

Repetitive transcranial magnetic stimulation (rTMS) is also being tested as a treatment for a 
variety of other disorders including alcohol dependence, Alzheimer disease, neuropathic pain, 
obsessive-compulsive disorder (OCD), post-partum depression, depression associated with 
Parkinson’s disease, stroke, posttraumatic stress disorder, panic disorder, epilepsy, dysphagia, 
Tourette’s syndrome, schizophrenia, migraine, spinal cord injury, fibromyalgia, and tinnitus (see 
Related Policies). In addition to the potential for altering interhemispheric imbalance, it has 
been proposed that high frequency rTMS may facilitate neuroplasticity. 

 

Depression 

Over the last decade, there has been a trend to increase the intensity, trains of pulses, total 
pulses per session, and number of sessions.1 Unless otherwise indicated in the trials described 
next, stimulation was set at 100% to 120% of motor threshold, clinical response was defined as 
an improvement of 50% or more on the Hamilton Rating Scale for Depression (HAM-D), and 
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remission was considered to be a score of 7 or less on the HAM-D. Refer to the 2009 meta-
analysis by Schutter for a summary of study characteristics and stimulation parameters used in 
trials conducted prior to 2008.2 

The Blue Cross and Blue Shield Technology Evaluation Center (TEC) published an assessment of 
repetitive TMS (rTMS) for depression in 2009, 2011 and 2013.3-5 These TEC Assessments 
concluded that the available evidence did not permit conclusions regarding the effect of TMS on 
health outcomes. Limitations of the evidence included: 

• Equivocal efficacy in the largest sham-controlled trial of TMS, 

• Uncertain clinical significance of the short-term anti-depressant effects found in meta-
analyses, which are also at high risk of bias due to the inclusion of numerous small trials and 
potential for publication bias, 

• Limited evidence beyond the acute period of treatment, and 

• Lack of comparison with standard therapy (a second course of antidepressant therapy) in the 
population for whom TMS is indicated (individuals who have failed one 6-week course of 
antidepressant medication). 

The Agency for Healthcare Research and Quality (AHRQ) published a comparative effectiveness 
review on nonpharmacologic interventions for treatment-resistant depression (TRD) in adults in 
2011.6 Findings for the key questions (KQ) of the review follow. 

 

Efficacy of Nonpharmacologic Interventions Against Other 
Nonpharmacologic Interventions (KQ 1a) 

Direct Evidence 

The available head-to-head literature concerning the efficacy of the nonpharmacologic 
interventions for Tier 1 TRD was limited to two fair trials (both in major depressive disorder 
[MDD]-only populations). One compared ECT and rTMS, and the other compared ECT and ECT 
plus rTMS. They showed, with low strength of evidence, no differences between treatment 
options for depressive severity, response rates, and remission rates. No trial involved a direct 
comparison of psychotherapy with another nonpharmacologic intervention. 
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Indirect Evidence 

Identified trials that compared a nonpharmacologic intervention, generally rTMS, VNS [vagus 
nerve stimulation], or psychotherapy, with a control or sham procedure in Tier 1 populations 
(i.e., individuals had 2 or more prior treatment failures with medications). The number of these 
trials with the same or similar control group was very small, so they could not pool them 
quantitatively. They assessed the potential benefits of nonpharmacologic interventions versus 
controls by calculating mean changes in depressive severity, relative risks of response, and 
relative risks of remission. 

rTMS was beneficial relative to controls receiving a sham procedure for all 3 outcomes (severity 
of depressive symptoms, response rate, remission rate). rTMS produced a greater decrease in 
depressive severity (high strength of evidence). Specifically, rTMS averaged a decrease in 
depressive severity measured by the Hamilton Rating Scale for Depression (HAM-D) of more 
than 5 points relative to sham control, and this change meets the minimum threshold of the 3-
point HAM-D difference that is considered clinically meaningful. Response rates were greater 
with rTMS than sham (also high strength of evidence); those receiving rTMS were more than 
three times as likely to achieve a depressive response as individuals receiving a sham procedure. 
Finally, rTMS was also more likely to produce remission than the control procedure (moderate 
strength of evidence); individuals receiving rTMS were more than six times as likely to achieve 
remission as those receiving the sham. 

 

Efficacy of Nonpharmacologic Interventions Compared with 
Antidepressant Pharmacotherapies (KQ 1b) 

Direct Evidence 

No direct evidence was identified for rTMS. 

 

Maintenance of Remission or Prevention of Relapse (KQ 2)  

Direct Evidence 

With respect to maintaining remission (or preventing relapse), there were no direct comparisons 
involving ECT, rTMS, VNS, or CBT. 
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Indirect Evidence 

Three fair trials compared rTMS with a sham procedure and found no significant differences. 
However, too few individuals were followed during the relapse prevention phases in two of the 
three studies, and individuals in the third received a co-intervention providing insufficient 
evidence for a conclusion. 

 

AHRQ Author’s Conclusions 

The evidence review suggests that comparative clinical research on nonpharmacologic 
interventions in a TRD population is early in its infancy, and many clinical questions about 
efficacy and effectiveness remain unanswered. Interpretation of the data is substantially 
hindered by varying definitions of TRD and the paucity of relevant studies. The greatest volume 
of evidence is for ECT and rTMS. However, even for the few comparisons of treatments that are 
supported by some evidence, the strength of evidence is low for benefits, reflecting low 
confidence that the evidence reflects the true effect and indicating that further research is likely 
to change our confidence in these findings. This finding of low strength is most notable in two 
cases: ECT and rTMS did not produce different clinical outcomes in TRD, and ECT produced 
better outcomes than pharmacotherapy. No trials directly compared the likelihood of 
maintaining remission for nonpharmacologic interventions. The few trials addressing adverse 
events, subpopulations, subtypes, and health-related outcomes provided low or insufficient 
evidence of differences between nonpharmacologic interventions. The most urgent next steps 
for research are to apply a consistent definition of TRD, to conduct more head-to-head clinical 
trials comparing nonpharmacologic interventions with themselves and with pharmacologic 
treatments, and to carefully delineate the number of treatment failures following a treatment 
attempt of adequate dose and duration in the current episode. 

 

High Frequency rTMS of the Left DLPFC for Treatment-Resistant 
Depression (TRD) 

There is a large body of evidence for the use of rTMS in the treatment of depression. The largest 
study (23 study sites) to date is included in the meta-analysis was a double blind multicenter 
trial with 325 TRD individuals randomized to daily sessions of high frequency active or sham 
rTMS (Monday to Friday for 6 weeks) of the left dorsolateral prefrontal cortex (DLPFC).7 
Treatment-resistant depression was defined as failure of at least one adequate course of 
antidepressant treatment. Individuals had failed an average of 1.6 treatments in the current 
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episode, with approximately half of the study population failing to benefit from at least 2 
treatments. Loss to follow-up was similar in the 2 groups, with 301 (92.6%) individuals 
completing at least one post-baseline assessment and an additional 8% of individuals from both 
groups dropping out before the 4-week assessment. Intent-to-treat (ITT) analysis showed a 
trend favoring the active rTMS group in the primary outcome measure (2 points on the 
Montgomery-Asberg Depression Rating Scale [MADRS]; p = 0.057) and a modest (2-point) but 
significant improvement over sham treatment on the HAM-D. The authors reported that after 6 
weeks of treatment the subjects in the active rTMS group were more likely to have achieved 
remission than the sham controls (14% vs. 5% respectively), although this finding is limited by 
loss-to-follow-up. 

In 2010, George et al. reported a randomized sham-controlled trial that involved 190 individuals 
treated with left- prefrontal rTMS.8 This was a multi-centered study involving individuals with a 
moderate level of treatment resistance. The response rate using an ITT analysis was 14% for 
rTMS and 5% for sham (p=0.02). In this study, the site for stimulation was determined through 
pre-treatment magnetic resonance imaging (MRI). In a 3-week, open-label, follow-up phase of 
the study in which all individuals received active therapy but remained masked to their original 
treatment arm, the remission rates rose to 30.2% in the originally active group and 29.6% in the 
original sham group. 

Another randomized sham-controlled double-blind trial was conducted in 68 individuals who 
had failed at least 2 courses of antidepressants.9 Three individuals in each group did not 
complete the 15 treatment sessions or were excluded due to a change in medication during 
treatment, resulting in 91% follow-up. Independent raters found a clinical response in 31% (11 
of 35) of the active rTMS individuals and 6% (2 of 33) of the sham group. The average change in 
HAM-D was 7.8 for the active group and 3.7 for the control group. The Beck Depression 
Inventory (BDI) decreased by 11.3 points in the active rTMS group and 4.8 points in controls. 
Remission was observed in 7 individuals (20%) in the active rTMS group and 1 individual (3%) in 
the control group. Regarding effectiveness of blinding; 15% of subjects in each group guessed 
that they were receiving active TMS after the first session. After the 15th session, 58% of the 
rTMS group and 43% of the sham group guessed that they had received active TMS; responders 
were more likely than non-responders (85% vs. 42%) to think that they had received the active 
treatment. The 11 responders were treated with antidepressant medication and followed for 6-
months. Of these, 1 was lost to follow-up, 5 (45%) relapsed, and 5 (45%) did not relapse. 

Rossini and colleagues randomized 54 individuals who had failed at least two adequate courses 
of antidepressants to sham control or active rTMS at 80% or 100% of motor threshold (MT) for 
10 sessions over a 2-week period.10 Double-blind evaluation found an intensity-dependent 
response with 6% (1 of 16) of the sham, 28% (5 of 18) of the 80% MT, and 61% (11 of 18) of the 
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100% MT groups showing improvement of 50% or more over a 5-week evaluation. All the 
individuals reported that they were unaware of the differences between sham and active 
stimulation. 

In a 2008 report, Mogg et al. randomized 59 individuals with major depression who had failed at 
least one course of pharmacotherapy for the index depressive episode.11 In this study 
population, 78% of the individuals had failed 2 treatment courses and 53% had failed 3. The 
sham coil, which was provided by Magstim, was visually identical to the real coil and made the 
same clicking sound but did not deliver a magnetic field to scalp or cortex. Blinded assessments 
were measured 2 days after the 5th and final (tenth) sessions (97% follow-up), with additional 
assessments at 6 weeks (90% follow-up) and 4 months (83% follow-up). The mean group 
difference was estimated to be 0.3 points in HAM-D scores for the overall analysis. 
Interpretation of this finding is limited since 7 sham individuals (23%) were given a course of real 
rTMS after the 6-week assessment and analyzed as part of the sham group in the ITT analysis. 
The study was powered to detect a difference of 3.5 points in the HAM-D between the active 
and sham groups, and the 2.9 point group difference observed at the end-of-treatment was not 
significant. A higher percentage of individuals in the active rTMS group achieved remission 
criteria of 8 points or less on the HAM-D (25% vs. 10% control), and there was a trend for more 
individuals to achieve clinical response in the active rTMS group (32% vs. 10%, p = 0.06). All the 
12 individuals who met the criterion for clinical response (9 active and 3 sham) thought that they 
had received real rTMS, with more individuals in the active group (70%) than the sham group 
(38%) guessing that they had received the real treatment. Interpretation of this finding is also 
limited, since the reason the subjects guessed that they had active treatment was not reported, 
and the subjects were not asked to guess before they began to show a clinical response. 

A small double-blind randomized trial from 2009 suggests that specific targeting of Brodman 
areas 9 and 46 may enhance the anti-depressant response compared with the standard 
targeting procedure, i.e., measuring 5 cm anterior from the motor cortex.12 Fifty-one individuals 
who had failed at least two 6-week courses of antidepressant medication (average 5.7 failed 
courses) were randomized to a standard localization procedure or to structural magnetic 
resonance imaging (MRI)-aided localization for 3 weeks (with one-week extension if > 25% 
reduction on the MADRS). Six individuals in the targeted group and 10 in the standard group 
withdrew due to lack of response. A single individual in the targeted group and 5 in the 
standard group withdrew for other reasons, resulting in 17 individuals in the targeted group and 
12 in the standard group continuing for the full 4 weeks of treatment. To adjust for the 
imbalance in discontinuation rates, a mixed model statistical analysis was used. There was a 
significant difference between the groups in the overall mixed model analysis, and planned 
comparisons showed significant improvement in MADRS scores for the targeted group at 4 
weeks. Response criteria were met by 42% of the targeted group and 18% of the standard 
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group. Remission criteria were met by 30% of the targeted group and 11% of the standard 
group. Although encouraging, additional trials with a larger number of subjects are needed to 
evaluate this procedure. 

 

Comparison with ECT 

Several studies have compared the outcomes of rTMS with those from electroconvulsive 
therapy. In one study, 40 individuals with nonpsychotic major depression were treated over the 
course of 1 month (20 total sessions) and evaluated with the HAM-D, in which a response was 
defined as a 50% decrease with a final score of less than or equal to 10.13 There was no 
difference in response rate between the 2 groups; 12 of 20 responded in the electroconvulsive 
therapy group compared to 11 of 20 in the magnetic stimulation group. A United Kingdom 
National Institute for Health Research health technology assessment compared efficacy and 
cost-effectiveness of rTMS and electroconvulsive therapy.14 Forty-six individuals who had been 
referred for electroconvulsive therapy were randomly assigned to either electroconvulsive 
therapy (average of 6.3 sessions) or a 15-day course (5 treatments per week) of rTMS of the left 
DLPFC. Electroconvulsive therapy resulted in a 14-point improvement in the HAM-D and a 59% 
remission rate. Repetitive TMS was less effective than electroconvulsive therapy (5-point 
improvement in HAM-D and a 17% remission rate). Another study reported no significant 
difference between electroconvulsive therapy and rTMS in 42 individuals with TRD; however, 
response rates for both groups were low.15 The number of remissions (score of 7 or less on the 
HAM-D) totaled 3 (20%) for electroconvulsive therapy and 2 (10%) for rTMS. 

A 2013 systematic review by Berlim et al identified 7 RCTs with a total of 294 individuals that 
directly compared rTMS and ECT treatment for individuals with depression. After an average of 
15.2 sessions of high-frequency rTMS over the left DLPFC, 33.6% of individuals were classified as 
remitters. This compared with 52% of individuals who were classified as remitters following an 
average of 8.2 ECT sessions. The pooled odds ratio was 0.46, indicating a significant difference in 
outcome favoring ECT. There was no significant difference in dropout rates for the 2 treatments. 

 

Deep TMS of the Left Dorsolateral Prefrontal Cortex for Treatment-
Resistant Depression 

The randomized controlled trial leading to 510k clearance of the Brainsway deep TMS system 
was conducted at 20 centers in the US (n=13), Israel (n=4), Germany (n=2), and Canada (n=1).16 
The study included 229 individuals with major depressive disorder who had not received benefit 
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from 1 to 4 antidepressant trials or were intolerant to at least 2 antidepressant treatments. Per 
protocol analysis, which excluded 31 individuals who did not receive adequate TMS treatment 
and 17 individuals who did not meet the inclusion/exclusion criteria, showed a significant benefit 
for both response rate (38.4% vs 21.4%) and remission rate (32.6% vs 14.6%). Modified intent- 
to-treat analysis, which excluded the 17 individuals who did not meet the inclusion/exclusion 
criteria, showed a significant benefit in both response rate (37% vs 22.8%) and remission rate 
(30.4% vs 15.8%). At the end of the maintenance period (16-week follow-up), the response rate 
remained significantly improved by deep TMS. Remission rates were not reported. Intent-to-
treat analysis found no significant benefit of treatment at 4 or 16 weeks. 

 

Low Frequency rTMS of the Right DLPFC or Bilateral Stimulation for 
Treatment-Resistant Depression (TRD) 

Fitzgerald et al. randomized 60 individuals who had failed a minimum of at least 2 six-week 
courses of antidepressant medications into one of 3 groups; high frequency left rTMS, low 
frequency right rTMS, or sham stimulation over 10 sessions.17 All individuals who entered the 
study completed the double-blind randomized phase, which showed no difference between the 
two active treatments (left: 13.5% reduction; right: 15% reduction) and greater improvements in 
the MADRS scores compared to the sham group (0.76% reduction). Only 1 individual achieved 
50% improvement during the initial 2 weeks. Then, only the subjects who showed at least 20% 
improvement at the end of the 10 sessions (15 active and 2 sham) continued treatment. 
Individuals who did not respond by at least 20% were switched to a different active treatment. 
From week-2 to week-4 there was greater improvement in the low frequency right rTMS group 
compared with the high frequency left rTMS group (39% vs. 14% improvement in MADRS, 
respectively). Seven individuals (18% of 40) showed a clinical response of greater than 50% by 
the end of the 4 weeks. 

In a subsequent study Fitzgerald and colleagues randomized 50 individuals with TRD to 
sequential bilateral active or sham rTMS.18 After 2 weeks of treatment, 3 subjects had dropped 
out of the sham treatment group and there was a slight but non-significant improvement 
favoring the active group for the MADRS (26.2 vs. 30.9, respectively) and the BDI (18.3 vs. 21.6, 
respectively). At this time point, 60% of subjects receiving active rTMS and 50% of subjects 
receiving sham treatment guessed that they were in the active group. The clinical response was 
reported by subjects as the major reason for their guess, with 11 of 13 responders (9 active and 
2 sham) guessing that they were in the active group. As in the earlier study, only the subjects 
who showed at least 20% improvement at the end of each week continued treatment. Treatment 
on week 3 was continued for 15 subjects in the active group and 7 subjects in the sham group. 
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By week six, 11 subjects in the active rTMS remained in the study, with no control subjects 
remaining. Final ratings for the 11 subjects who continued to respond through week 6 were 8.9 
on the MADRS and 9.2 on the BDI. 

Another multicenter double blind trial randomized 130 individuals with treatment-resistant 
depression to 5 sessions per week of either 1- or 2-Hz rTMS over the right DLPFC.19 Sixty-eight 
individuals (52%) completed 4 weeks of treatment; there was an approximate 30% improvement 
in depression scales, with no differences between the 1- or 2-Hz groups. Due to the potential for 
placebo effects for this type of intervention, the absence of a sham control group limits 
interpretation. 

A small randomized, sham-controlled trial was published in 2010 that involved either right or left 
rTMS in 48 individuals with TRD.20 Overall reductions in the HAM-D-24 from baseline to 3 
months were not significantly different between rTMS and sham treatment groups. In this small 
study, right cranial stimulation was significantly more effective than left cranial stimulation 
(sham or rTMS). 

 

rTMS as an Adjunctive Treatment for Moderate to Severe Depression 

Schutter conducted a meta-analysis of 30 double-blind randomized sham-controlled trials 
(1,164 individuals) of high frequency rTMS over the left DLPFC in individuals with major 
depression.5 The pooled weighted mean effect size for treatment was calculated with Hedges’ g, 
a standardized mean difference that adjusts for sampling variance, to be 0.39 (95% confidence 
interval 0.25-0.54), which is considered moderate. For 27% of the population rTMS was used as a 
primary/adjunctive treatment; 3 trials were included that used rTMS as a primary/adjunctive 
treatment for depression and enrolled more than 40 subjects.21-23 Repetitive TMS has also been 
examined in individuals with clinical evidence of cerbrovascular disease and late-life 
depression.24 

A 2012 study examined the efficacy of ultra-high frequency (30Hz) rTMS over the left prefrontal 
cortex in moderate to severely depressed individuals who were taking medication.25 Sham 
treatment consisted of low frequency stimulation to the left prefrontal cortex. No benefit of 
rTMS was found to improve performance on the trail-making test, which covaried with 
improvement of psychomotor retardation. 

Additional research on whether adjunctive rTMS can improve response to pharmacologic 
treatment as a first-line therapy is also needed. 
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Maintenance Therapy 

Demirtas-Tatlidede et al. reported durability of the antidepressant response to rTMS and efficacy 
of retreatment for relapses in a prospective series of 16 individuals.26 Individuals who initially 
had clinically significant antidepressant responses to rTMS were enrolled in the study and 
followed for 4 years. During this period there were a total of 64 episodes of relapse. Relapses 
were treated with a 10-day course of rTMS, with an average of 4 treatment courses per 
individual (range, 2-10) and a mean treatment interval of 4.9 months (range, 1.5 to 24.0). About 
one half of the individuals had a clinically significant response to repeated courses of rTMS and 
continued in the study. These individuals had a medication-free interval of 33 months (range, 26 
to 43 months) and a mean response on the HAM-D of 64.8%. Other subjects terminated the 
study due to non-response after the second (n=3), third (n=1), fourth (n=2), or fifth (n=1) 
treatment course. 

A variety of maintenance schedules are being studied. Richieri et al. used propensity-adjusted 
analysis of observational data and found that the group of individuals who had maintenance 
rTMS tapered over 20 weeks (from 3 times per week to once a month) had a significantly 
reduced relapse rate compared with individuals who had no additional treatment (37.8% vs. 
81.8%).27 Connolly et al. reported that in the first 100 cases treated at their institution the 
response rate was 50.6% and the remission rate was 24.7%.28 At 6 months after the initial rTMS 
treatment, 26 of 42 individuals (62%) who received tapered maintenance therapy (from 2 
sessions per week for the first 3 weeks to monthly) maintained their response. In another study, 
individuals who met criteria for partial response during either a sham–controlled or open-label 
phase of a prior study were tapered from rTMS and simultaneously started on maintenance 
antidepressant monotherapy.29 During the 24 week follow-up, 10 of 99 individuals relapsed, 38 
had symptom worsening, and of these 32 (84%) had symptomatic benefit with adjunctive rTMS. 

Fitzgerald et al. reported a prospective open-label trial of clustered maintenance rTMS for 
individuals with refractory depression.30 All individuals had received a second successful course 
of rTMS following relapse and were then treated with monthly maintenance therapy consisting 
of 5 rTMS treatments over a 2.5-day period (Friday evening, Saturday and Sunday). Individuals 
were treated with maintenance therapy of the same type that they had initially received (14 high 
frequency to the left dorsolateral prefrontal cortex, 12 low frequency to the right dorsolater 
prefrontal cortex, and 9 bilateral). The primary outcome was the mean duration until clinical 
relapse, addition or change of antidepressant medication, or withdrawal from maintenance 
treatment to pursue other treatment options. Out of 35 individuals, 25 (71%) relapsed at a mean 
of 10.2 months (range, 2 to 48 months), which was substantially shorter than the interval (< 3 
months) for relapse from the initial treatment. 
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A 2015 meta-analysis examined durability of the antidepressant effect of high frequency rTMS of 
the left DLPFC in the absence of maintenance treatment. Included were 16 double-blind sham 
controlled RCTs with a total of 495 individuals. The range of follow-up was 1-16 weeks, but most 
studies reported follow-up of only 2 weeks. The overall effect size was small with a standardized 
mean difference (Cohens d) = -.48, and the effect sizes were lower in RCTs with 8-16 week 
follow-up (d = -.42) compared to 1 - 4 week follow-up (d = -0.54). The effect size was higher 
when antidepressant medication was started concurrently with rTMS (5 RCTs, d = -.56) than 
when individuals were on a stable dose of medication (9 RCTs, n = -.43) or were unmedicated (2 
RCTs, d = -.26). 

 

Alzheimer Disease 

Ahmed et al. randomized 45 individuals with probable Alzheimer disease to 5 sessions of bi-
lateral high-frequency rTMS, bi-lateral low-frequency rTMS, or sham TMS over the dorsolateral 
prefrontal cortex.31 Thirty-two individuals had mild to moderate dementia and 13 had severe 
dementia. There were no significant differences between groups at baseline. Measures of 
cortical excitability immediately after the last treatment session showed that treatment with 
high-frequency rTMS reduced the duration of transcallosal inhibition. At 3 months after 
treatment, the high-frequency rTMS group improved significantly more than the other 2 groups 
in standard rating scales, and subgroup analysis showed that this was due primarily to 
improvements in individuals with mild/moderate dementia. Individuals in the subgroup of mild 
to moderate dementia who were treated with high-frequency rTMS improved from 18.4 to 22.6 
on the Mini Mental State Examination (MMSE), from 20.1 to 24.7 on the Instrumental Daily 
Living Activity (IADL) scale and from 5.9 to 2.6 on the Geriatric Depression Scale (GDS). 

Rabey et al. reported an industry-sponsored randomized double-blind trial of rTMS with 
cognitive training (NeuroAD system) in15 individuals with probable mild to moderate 
Alzheimer’s disease.32 Individuals received 5 sessions per week for 6 weeks over 6 different brain 
areas, followed by biweekly sessions for 3 months. Specific cognitive tasks were designed for the 
6 targeted brain regions. These included syntax and grammar for Broca’s area, comprehension 
and categorization for Wernicke’s area, action naming, object naming and spatial memory tasks 
for the right and left dorsolateral prefrontal cortex, and spatial attention tasks for the right and 
left somatosensory association cortex. After 6 weeks of treatment there was an improvement in 
the average Alzheimer Disease Assessment Scale, cognitive subsection (ADAS-cog) score of 3.76 
points in the rTMS group compared to 0.47 in the placebo group. After 4.5 months of treatment 
the ADAS-cog score in the rTMS group had improved by 3.52 points compared to a worsening 
of 0.38 in the placebo group. The Clinical Global Impression of Change improved significantly by 
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an average of 3.57 after 6 weeks and 3.67 after 4.5 months compared to 4.25 and 4.29 in the 
placebo group. 

 

Attention-Deficit/Hyperactivity Disorder 

In 2012, Weaver et al. reported a randomized sham-controlled crossover study of rTMS in 9 
adolescents/young adults with attention-deficit/ hyperactivity disorder (ADHD).33 rTMS was 
administered in 10 sessions over 2 weeks, with 1 week of no TMS between the active and sham 
phases. The clinical global impression and ADHD-IV scales improved in both conditions over the 
course of the study, with no significant differences between the active and sham phases. 

 

Bulimia Nervosa 

In 2008, Walpoth et al. reported no evidence of efficacy of rTMS in a small trial (n=14) of 
individuals with bulimia nervosa.34 

 

Dysphagia 

rTMS for the treatment of dysphagia following stroke has been examined in small randomized 
controlled trials. One study randomized 26 individuals to rTMS or sham over the affected 
esophageal motor area of the cortex.35 Ten minutes of rTMS over 5 days reduced both 
dysphagia on the Dysphagic Outcome and Severity scale and disability measured by the Barthel 
Index. There was a trend for improved hand grip strength in the rTMS group. Blinded 
assessment showed that the effects were maintained at 1 month and 2-month follow-up. 
Another study randomized 30 individuals with dysphagia following stroke or traumatic brain 
injury to high frequency rTMS, low frequency rTMS, or sham stimulation.32 Active or sham rTMS 
was administered bilaterally over the anterolateral scalp over a period of 2 weeks. Swallowing 
scale scores improved in both the low-frequency and sham groups. Improvement in 
videofluoroscopic evaluation was greater in the low frequency rTMS group than the other 2 
groups. Blinding of evaluators was not described. 

Study in a larger number of subjects is needed to determine the efficacy of this treatment with 
greater certainty. 

 



Page | 32 of 60  ∞ 

Epilepsy 

In 2012, Sun et al. reported a randomized double-blind controlled trial of low frequency rTMS to 
the epileptogenic zone for refractory partial epilepsy.37 Sixty individuals were randomized into 2 
groups; one group received 2 weeks of rTMS at 90% of resting motor threshold and the other 
group received rTMS at 20% of resting motor threshold. Outcomes were measured for 8 weeks 
after the end of treatment. With intent-to-treat analysis, high intensity rTMS resulted in a 
significant decrease in seizures when compared to baseline (from 8.9 per week at baseline to 1.8 
per week at follow-up) and when compared to low intensity rTMS (from 8.6 at baseline to 8.4 
per week at follow-up). High intensity rTMS also decreased interictal discharges (from 75.1 to 
33.6 per hour) and improved ratings on the Symptom Checklist-90. These initial results are 
promising but require substantiation in additional trials. 

 

Fibromyalgia 

A 2012 systematic review included 4 studies on transcranial direct current stimulation and 5 on 
rTMS for treatment of fibromyalgia pain.38 Three of the 5 trials were considered to be high 
quality. Four of the 5 were double-blind randomized controlled trials; the 5th included study was 
a case series of 4 individuals who were blinded to treatment. Quantitative meta-analysis was not 
conducted due to variability in brain site, stimulation frequency/intensity, total number of 
sessions, and follow-up intervals, but 4 of the 5 studies on rTMS reported significant decreases 
in pain. Greater durability of pain reduction was observed with stimulation of the primary motor 
cortex compared to the dorsolateral prefrontal cortex. 

One of the studies included in the systematic review was a small 2011 trial that was conducted 
in the US by Short et al.39 Twenty individuals with fibromyalgia, defined by the American College 
of Rheumatology criteria, were randomized to 10 sessions of left prefrontal rTMS or sham TMS 
along with their standard medications. At 2 weeks after treatment, there was a significant 
change from baseline in average visual analog scale (VAS) for pain in the rTMS group (from 5.60 
to 4.41) but not in the sham-treated group (from 5.34 to 5.37). There was also a significant 
improvement in depression symptoms in the active group compared to baseline (from 21.8 to 
14.10) but not in the sham group (from 17.6 to 16.4). There were no statistically significant 
differences between the groups in this small trial. 

Additional study is needed to determine effective treatment parameters in a larger number of 
subjects and to evaluate durability of the effect. 
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Migraine Headache 

A pivotal randomized, double blind, multi-center, sham-controlled trial was performed with the 
Cerena TMS device to demonstrate safety and effectiveness for the De Novo application.41 
Enrolled in the study were 201 individuals with a history of an aura preceding more than 30% of 
headaches with moderate or severe headache severity for approximately 90% of migraine 
attacks. Following a month baseline phase to establish the frequency and severity of migraine, 
individuals were randomized to a treatment phase consisting of three treatments or three 
months, whichever occurred first. Individuals were instructed to treat their migraine headache 
during the aura phase and to record their pain severity (0-3), severity of associated migraine 
symptoms (photophobia, phonophobia, nausea), presence of vomiting, and use of rescue 
medications at the time of treatment and at 1, 2, 24, and 48 hours after treatment. The primary 
endpoint was the proportion of individuals who were pain free 2 hours after treatment. Of the 
201 individuals enrolled, 164 recorded at least 1 treatment and 113 recorded at least 1 
treatment when there was pain. Post-hoc analysis of these 113 individuals showed a benefit of 
the device for the primary endpoint (37.74% pain free after 2 hours for Cerena and 16.67% for 
sham, p=0.0181) and for the proportion of subjects who were pain free after 24 hours (33.96% 
for Cerena and 10% for sham, p=0.0025). Active treatment was not inferior to sham for the 
proportion of subjects free of photophobia, suggesting that the device does not worsen 
photophobia. However, the device was not non-inferior to sham for the proportion of subjects 
free of nausea and phonophobia. 

These results are limited by the 46% drop-out rate and post-hoc analysis. According to the FDA 
labeling, the device has not been demonstrated as safe or effective when treating cluster 
headache, chronic migraine headache, or when treating migraine headache during the aura 
phase. The device has not been demonstrated as effective in relieving the associated symptoms 
of migraine (photophobia, phonophobia, and nausea).41 

 

Obsessive Compulsive Disorder 

A 2013 meta-analysis included 10 small randomized controlled trials totaling 282 individuals 
with obsessive compulsive disorder (OCD).42 Response rates of rTMS augmentation therapy were 
35% for active and 13% for sham rTMS. The pooled odds ratio (OR) was 3.39 and the number 
needed to treat (NNT) was 5. There was no evidence of publication bias. Exploratory subgroup 
analysis suggested that the two most promising stimulation parameters were low frequency-
rTMs and non-DLPFC regions (i.e., orbitofrontal cortex or supplementary motor area). Further 
study focusing on these stimulation parameters is needed. 
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Panic Disorder 

In 2013, Mantovani et al. reported a randomized double-blind sham-controlled trial of low 
frequency rTMS to the right dorsolateral prefrontal cortex in 21 individuals with panic disorder 
with comorbid major depression.43 Response was defined as a 40% or greater decrease on the 
panic disorder severity scale (PDSS) and a 50% or greater decrease on the HAM-D. After 4 weeks 
of treatment, the response rate for panic was 50% with active rTMS and 8% with sham. There 
was no significant difference in the response rate for depressive symptoms (25% active rTMS vs. 
8% for sham). After an additional 4 weeks of open-label treatment, the response rate was 67% 
for panic and 50% for depressive symptoms. Five of 12 responders returned for 6-month follow-
up and showed sustained improvement. 

 

Parkinson Disease 

A systematic review from 2009 included 10 randomized controlled trials with a total of 275 
individuals with Parkinson disease.44 Seven of the studies were double-blind, one was not 
blinded and 2 of the studies did not specify whether the raters were blinded. In studies that 
used high frequency rTMS there was a significant improvement on the Unified Parkinson’s 
Disease Rating Scale (UPDRS) with a moderate effect size of -0.58. For low frequency rTMS the 
results were heterogeneous and did not significantly reduce the UPDRS. The analyzed studies 
varied in outcomes reported, rTMS protocol, individual selection criteria, demographics, stages 
of Parkinson disease and duration of follow-up, which ranged from immediate to 16 weeks after 
treatment. 

In 2012, Benninger et al. reported a randomized double-blind sham-controlled trial of brief (6 
sec) very high frequency (50 Hz) rTMS over the motor cortex in 26 individuals with mild to 
moderate Parkinson disease.45 Eight sessions of 50 Hz rTMS did not improve gait, bradykinesia, 
or global and motor scores on the UPDRS compared to the sham-treated group. Activities of 
daily living were significantly improved a day after the intervention, but the effect was no longer 
evident at 1 month after treatment. Functional status and self-reported well-being were not 
affected by the treatment. No adverse effects of the very high frequency stimulation were 
identified. 

Another study from 2012 randomized 20 individuals with Parkinson disease to 12 brief sessions 
(6 min) of high frequency (5-Hz) rTMS or sham rTMS over the leg area of the motor cortex 
followed by treadmill training.46 Blinded evaluation showed a significant effect of rTMS 
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combined with treadmill training on neurophysiological measures, and change in fast walking 
speed and the timed up and go task. Mean treadmill speed improved to a similar extent in the 
active and sham rTMS groups. 

A 2013 exploratory multicenter double-blind trial randomized 106 individuals to 8 weeks of 1 Hz 
rTMS, 10 Hz rTMS, or sham stimulation over the supplementary motor area.47 At 9 weeks all 
groups showed a similar amount of improvement. At the 20-week follow-up only the 1 Hz group 
showed a significant improvement (6.84 points) in the primary outcome measure, the UPDRS 
part III. There was no significant improvement in other outcome measures.  

A meta-analysis from 2015 included 20 sham-controlled RCTs with a total of 470 individuals with 
Parkinson disease. Sample sizes ranged from 8 to 102. The total effect size of rTMS on Unified 
Parkinson’s Disease Rating Scale (UPDRS) part III score was 0.46, which is considered a small to 
medium effect size, and the mean change in the UPDRS-III score (-6.42) was considered to be a 
clinically important difference. The greatest effect on motor symptoms was from high frequency 
rTMS over the primary motor cortex (standardized mean difference [SMD] of 0.77, p<0.001) and 
low-frequency rTMS over other frontal regions (SMD: 0.50, p=0.008). High frequency rTMS at 
other frontal regions and low frequency rTMS over the primary motor cortex did not have a 
statistically significant benefit. 

Additional study with a larger number of subjects and longer follow-up is needed to determine 
if rTMS improves motor symptoms in individuals with Parkinson disease. 

 

Postpartum Depression 

Myczkowski et al. conducted a double-blind sham-controlled study of 14 individuals with 
postpartum depression randomized to 20 sessions of active or sham rTMS over the left 
dorsolateral prefrontal cortex.48 A positive response to treatment was defined as a reduction of 
at least 30% in the HAM-D and Edinburgh Postnatal Depression Scale (EPDS). At 2 weeks after 
the end of treatment, the active rTMS group showed significant improvements in the HAM-D, 
Global Assessment Scale, Clinical Global Impression and Social Adjustment Scale. The difference 
in the EPDS (reduction of 39.4% vs. 6.2% for sham) did not reach statistical significance in this 
small study, and there were marginal cognitive and social improvements. In addition, results 
were presented as mean values, rather than by the proportion of individuals who showed 
clinically meaningful improvement. 
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Posttraumatic Stress Disorder 

The efficacy of rTMS for posttraumatic stress disorder (PTSD) has been examined in several small 
randomized controlled trials. 

A 2004 study randomized 24 individuals with PTSD to 10 sessions of low frequency (1 Hz), high 
frequency (10 Hz) or sham rTMS over the right dorsolateral prefrontal cortex.49 Blinded 
assessment 2 weeks after the intervention found that high frequency rTMS improved the self-
reported PTSD checklist (PCL) by 29.3%, the clinician evaluation on the Treatment Outcome 
PTSD scale by 39.0%, the HAM-D by 25.9%, and the Hamilton Anxiety Rating Scale by 44.1%. 
Scores for the sham and low-frequency group were not significantly improved. 

In 2012, Watts et al. reported a double-blind trial with 20 individuals randomized to low 
frequency rTMS or sham over the right dorsolateral prefrontal cortex.50 Blinded evaluation at the 
end of treatment showed clinically significant improvements in the Clinician Administered PTSD 
Scale (CAPS) and the PCL compared with sham. Depressive and anxiety symptoms also 
improved in the rTMS group. Six of the 10 rTMS individuals showed a degradation of symptoms 
between the immediate post-treatment assessment and the 2-month post-treatment follow-up. 

In another double-blind trial, 30 individuals with PTSD were randomized to deep, high frequency 
rTMS after brief exposure to a script of the traumatic event, rTMS after a script of a non-
traumatic event, or sham stimulation after a brief script of the traumatic event.51 Individuals 
received 3 treatment sessions per week for 4 weeks, and response was defined as a 50% or 
greater improvement in CAPS score. Intent-to-treat analysis showed a significant improvement 
in the total CAPS score in the exposure + stimulation group (24.3) compared to rTMS alone (7.9) 
or traumatic exposure with sham rTMS (9.1). The greatest improvement was in the intrusive 
component of the CAPS scale. Heart rate responses to the traumatic script were also reduced 
over the 4 weeks of treatment. The proportion of individuals who showed a response to 
treatment was not reported and the durability of the response was not assessed. 

 

Conclusions 

Several small randomized controlled trials have reported improvement of PTSD with rTMS over 
the right dorsolateral cortex. Results of high frequency versus low frequency stimulation are 
conflicting, and durability of the response has not been assessed. Additional study is needed. 
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Schizophrenia 

The largest area of TMS research outside of depressive disorders appears to be treatment of 
auditory hallucinations in schizophrenia resistant to pharmacotherapy. In 2011, TEC published an 
Assessment of TMS as an adjunct treatment for schizophrenia.52 Five meta-analyses were 
reviewed, along with randomized controlled trials (RCTs) in which measurements were carried 
out beyond the treatment period. A meta-analysis of the effect of TMS on positive symptoms of 
schizophrenia (hallucinations, delusions, and disorganized speech and behavior) did not find a 
significant effect of TMS. Four meta-analyses that looked specifically at auditory hallucinations 
showed a significant effect of TMS. It was noted that outcomes were evaluated at the end of 
treatment, and the durability of the effect is unknown. The Assessment concluded that the 
available evidence is insufficient to demonstrate that TMS is effective in the treatment of 
schizophrenia. 

A 2012 meta-analysis included 17 randomized double blind sham-controlled trials (n=337) of 
the effect of rTMS on auditory hallucinations.53 When measured at the end of treatment, the 
mean effect size of rTMS directed at the left temporoparietal area was 0.40 (moderate) and the 
effect size of rTMS directed at all brain regions was 0.33 (small). For the 5 trials that examined 
outcomes of rTMS one month after treatment, the effect was no longer significant. 

Blumberger et al. examined the efficacy of priming stimulation (6 Hz) prior to low frequency 
stimulation (1 Hz) of Heschl’s gyrus within the left temporoparietal cortex.54 Fifty-four individuals 
with medication resistant auditory hallucinations were randomized to receive 20 sessions of left-
sided stimulation, priming, or sham rTMS. Response rates on the Psychotic Symptoms Rating 
Scale did not differ between the 3 treatment groups. A small (n=18) double-blind randomized 
sham-controlled trial from 2012 found no significant effect of deep rTMS with an H1 coil on 
auditory hallucinations.55 

A 2015 Cochrane review included 41 studies with a total of 1,473 participants. Based on very 
low-quality evidence, there was a significant benefit of temporoparietal TMS compared to sham 
for global state (7 RCTs) and positive symptoms (5 RCTs). The evidence on cognitive state was 
equivocal. For prefrontal rTMS compared to sham, the evidence on global state and cognitive 
state was of very low quality and equivocal. The authors concluded that there is insufficient 
evidence to support or refute the use of TMS to treat symptoms of schizophrenia, and although 
there is some evidence to suggest that temporoparietal TMS may improve certain symptoms 
such as auditory hallucinations and positive symptoms of schizophrenia, the results were not 
robust enough to be unequivocal. 
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Conclusions 

The evidence on rTMS for the treatment of auditory hallucinations in schizophrenia consists of 
several small randomized controlled trials. Evidence to date shows small to moderate effects on 
hallucinations when measured at the end of treatment, but evidence suggests that the effect is 
not durable. 

 

Stroke 

A 2013 Cochrane review included 19 trials with a total of 588 participants on the effect of 
transcranial magnetic stimulation for improving function after stroke.56 The 2 largest trials 
showed that rTMS was not associated with a significant improvement in function. The review 
concluded that current evidence does not support the routine use of rTMS for the treatment of 
stroke. 

Hsu et al. reported a meta-analysis of the effect of rTMS on upper limb motor function in 
individuals with stroke in 2012.57 Eighteen randomized-controlled trials with a total of 392 
individuals were included in the meta-analysis. Most of the studies were double blind (n=11) or 
single blind (n=3). Eight studies applied low frequency (1 Hz) rTMS over the unaffected 
hemisphere, 5 applied high frequency (5 Hz) rTMS over the affected hemisphere, and 2 used 
both low- and high-frequency stimulation. Outcomes included kinematic motion analyses (5 
trials), hand grip (2 trials), and the Wolf Motor Function Test (2 trials). Meta-analysis of results 
showed a moderate effect size (0.55) for rTMS on motor outcome, with a greater effect size of 
rTMS in individuals with subcortical stroke (mean effect size, 0.73) compared to non-specified 
lesion sites (mean effect size, 0.45), and for studies applying low frequency rTMS (mean effect 
size, 0.69) compared to high frequency rTMS (effect size, 0.41). Effect size of 0.5 or greater was 
considered to be clinically meaningful. 

In 2012, Seniow et al. reported a randomized double-blind sham-controlled pilot study of low 
frequency rTMS (1 Hz at 90% of resting motor threshold for 30 min) to the contralesional motor 
cortex combined with physiotherapy in individuals with moderate upper extremity hemiparesis 
following stroke.58 Power analysis indicated that a sample size of 129 individuals would be 
required to detect changes in functional motor ability, but only 40 individuals met eligibility 
criteria over the 4 years of the study. Blinded analysis showed no significant difference in hand 
function or level of neurological deficit between active or sham rTMS when measured either 
immediately after the 3-week intervention or at 3-month follow-up 
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A 2015 meta-analysis included 4 RCTs on rTMS over the right pars triangularis for individuals 
(N=137) with aphasia after stroke. All the studies used double-blinding, but therapists were not 
blinded. Every study used a different outcome measure, and the sample sizes were small (range 
from 12 to 40). Meta-analysis showed a medium effect size for naming (p=0.004), a trend for a 
benefit on repetition (p=0.08), and no significant benefit for comprehension (p=0.18). Additional 
study in a larger number of individuals is needed to determine with greater certainty the effect 
of this treatment on aphasia after stroke. 

 

Conclusions 

Evidence consists of several randomized controlled trials and a meta-analysis of the effect of 
rTMS on recovery from stroke. Results are conflicting, and efficacy may depend on the location 
of the stroke and frequency of the rTMS. Additional study is needed to determine whether rTMS 
facilitates standard physiotherapy in individuals with stroke. 

 

Other Psychiatric/Neurologic Disorders 

For other psychiatric/neurologic conditions, the evidence is insufficient to determine whether 
rTMS leads to improved outcomes. The available clinical trials are small and report mixed results 
for a variety of conditions other than depression. There are no large, high-quality trials for any of 
these other conditions. Therefore, rTMS is considered investigational for other 
psychiatric/neurologic conditions. 

 

2012 Update 

Re-examination of the George et al. study8 reveals the following additional information: This was 
an NIMH- sponsored, industry-independent trial. As such, it was the first major published study 
of rTMS that was not industry-sponsored and therefore free of potential industry bias. This was 
also the first major published study of rTMS with the sham treatment modified so that the 
experience of actual rTMS was duplicated, thereby creating a significantly more reliable sham 
effect than in the previous published trials. Although the response rate for rTMS subjects in 
Phase I was only 14.1%, the statistical effect size is significant and comparable to the best 
medication efficacy data. In addition, in the Phase II follow-up, although open-label, the 
response rate increased to 30%. The retention rate of 88% was higher than in most situations of 
actual clinical practice with antidepressant medication. The patient sample consisted of 
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individuals who had either failed 3 or more research-quality antidepressant medication trials, or 
had tried and were intolerant to at least 3 antidepressant medications. In patients who have 
failed 2 medication trials, open-label studies (the STAR*D trials) have shown that remission rates 
with another medication or with augmentation are less than 20%, and in patients with 3 failed 
medication trials, remission rates with another medication trial are 10% to 20%. Thus, the 30% 
remission rate in Phase II of this trial compares favorably with continued medication trials, and 
demonstrates effectiveness for treatment-resistant depression that is exceeded only by 
electroconvulsive therapy (ECT), which remains the most effective treatment for treatment- 
resistant depression. This study indicates that rTMS is an effective antidepressant treatment for 
Major Depression in patients who do not respond to or cannot tolerate antidepressant 
medications. 

A study by Ray et al.64 that was also not industry-funded, in which none of the investigators had 
any ties to industry, and which also utilized realistic sham treatment, demonstrated remission in 
75% of patients receiving actual rTMS as an add-on to antidepressant medication compared to 
10% of patients who received sham rTMS. This study also included patients with psychotic 
depression, and in that population, 87.5% of patients receiving actual rTMS as an add-on to 
antidepressant medication achieved remission as compared to 7.7% of patients who received 
sham treatment. The study did lack rater blinding, which may have allowed for some degree of 
rater bias, but the effect size was substantial and would still be quite large even if rater bias 
could be accounted for. 

Two more recent, naturalistic studies have demonstrated the effectiveness of TMS in real world 
practice settings without the constraints of research-based patient selection criteria. Carpenter 
et al.65 studied the effectiveness of TMS with 339 consecutive patients at 42 different practice 
sites (academic and community). Patients had failed at least one antidepressant trial (average 
2.5). The clinician-assessed response rate was 58% and remission rate was 37.1%. The patient-
assessed response rate was 41.5%-56.4% and remission rate was 26.5%-28.7%. These rates are 
greater than those in earlier academic center studies. Although, as is typical of naturalistic 
studies, the study lacked sham treatment (placebo) and blinded rater assessment, it 
approximated real-world clinical practices to a much greater extent than prior studies Connolly 
et al.66 conducted a retrospective chart review of 100 consecutive TMS patients at an academic 
medical center. Although done at an academic center, this study approximated real-world 
practice because patients were treated without applying research criteria. The patient population 
had failed an average of 3.4 adequate antidepressant trials in the current depressive episode. 
The clinician-measured response rate was 50.6% and the remission rate was 24.7%. This study 
and the Carpenter et al study, despite the absence of placebo controls and blinded rating, 
demonstrate real-world effectiveness of TMS in the treatment of Major Depression that has not 
responded to adequate trials of antidepressant medication. 
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Summary 

Although questions still need to be answered about TMS, including the optimal length of 
treatment and the usefulness of maintenance treatment, the most recent studies demonstrate 
efficacy and real-world effectiveness of TMS in the treatment of unipolar Major Depression and 
psychotic depression (i.e., Major Depression with psychotic features). Antidepressant medication 
remains the biological treatment of first choice for Major Depression. ECT continues to be the 
most effective treatment for treatment-resistant depression, but the high incidence of 
functionally-impairing adverse cognitive effects renders ECT undesirable in many cases. In 
addition, there is a cohort of patients who have failed or cannot tolerate antidepressant 
medications and ECT. For those patients, with the possible exception of major chest surgery and 
its attendant potential complications (i.e., for a Vagus Nerve stimulator implant, for which the 
effectiveness data is weak), TMS is the only treatment option that remains, and that stands 
between possible relief of depression and continued indefinite suffering. That rationale, coupled 
with the results of the most recent studies, and with the knowledge that continued 
antidepressant medication trials after 3-4 trials have a high failure rate, leads to the conclusion 
that TMS is a reasonable and appropriate next intervention after 3 failed medication trials plus a 
failed ECT trial, or after 4 failed medication trials. 

 

2015 Update 

Evidence for the efficacy and effectiveness of TMS for adolescents is limited to anecdotal case 
reports and inadequately-sized studies. There are no large, high-quality trials of TMS for 
adolescents. Therefore, TMS is considered to be generally investigative for adolescent, though 
exceptions may be appropriate on a case-by-case basis for adolescents who have no other 
viable treatment options. 

Alternate types of TMS that are under investigation include synchronized TMS, low field 
magnetic stimulation, and theta burst stimulation. There are no large, high-quality trials of these 
types of TMS, and they are therefore considered to be investigative. 

 

2016 Update 

See individual sections for 2016 literature and position statement updates. 
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2022 Update 

Credible evidence80-83 has been published in recent years demonstrating efficacy and 
effectiveness of theta burst stimulation for the treatment of Major Depressive Disorder. Credible 
evidence demonstrating effectiveness of theta burst stimulation for the treatment of bipolar 
depression123 and Obsessive-Compulsive Disorder124 is limited to absent due to small sample 
sizes, poor to mixed observational outcomes, and lack of significant differences in clinical 
response rates between active and sham treatment groups. Therefore, theta burst stimulation 
for the treatment of bipolar depression and Obsessive-Compulsive Disorder is still considered to 
be investigational.   

Multiple alternate types of TMS continue to be under investigation. There are no large, 
replicated, high-quality trials of these types of TMS, and they are therefore considered to be 
investigational. 

Credible open-label and uncontrolled evidence84-88 has been published in recent years 
demonstrating efficacy and effectiveness of TMS for older adolescents. Although there is a need 
for the development of randomized controlled evidence, treatment of adolescents with Major 
Depressive Disorder with antidepressant medication has been less successful than in adults, and 
there is little likelihood of a positive response to a fourth antidepressant trial when trials of three 
antidepressants or two antidepressants plus an augmenting medication have failed89. Other 
biological treatment options for Major Depressive Disorder are ECT with its known potential 
adverse cognitive effects, in addition to being potentially frightening for adolescents; vagus 
nerve stimulation, which requires major surgery, has potential post-operative adverse effects, 
and has not been adequately studied in adolescents; and Spravato, which has also not been 
adequately studied in adolescents and has potential adverse effects that are more problematic 
than TMS. TMS has been demonstrated to be safe in this population with generally mild side 
effects like those experienced by adults. From a risk-benefit perspective, after three failed 
medication trials, TMS has a more positive risk-benefit profile than other biological treatment 
options. The available evidence is less compelling for TMS for younger adolescents. Therefore, 
TMS is still considered to be generally investigational for younger adolescents, though 
exceptions may be appropriate on a case-by-case basis for younger adolescents who have no 
other viable treatment options. 

Credible evidence89-91 has demonstrated that there is little likelihood of a positive response to a 
fourth antidepressant trial when trials of three antidepressants or two antidepressants plus an 
augmenting medication have failed. 
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Additional medications are available and feasible for the treatment of bipolar depression: 
lumateperone/Caplyta (good evidence)92-93, cariprazine/Vraylar (good evidence)94-97, and 
valproate/Depakote (moderate to good evidence depending on the study)98-101.   

Credible evidence102-108 has been published in recent years demonstrating efficacy and 
effectiveness of standard/conventional TMS and deep TMS for the treatment of Obsessive-
Compulsive Disorder in adults. 

TMS continues to be under investigation for a variety of other psychiatric symptoms and 
disorders, and for some neurologic conditions. In the absence of large, replicated, high-quality 
trials, TMS is still considered to be investigational for conditions other than Major Depressive 
Disorder, bipolar depression, and Obsessive-Compulsive Disorder. 

Credible evidence, expert consensus, and/or standard practice protocols have been published or 
emerged in recent years for, and extensive clinical experience has demonstrated the value of, 
TMS treatment extending or continuing beyond a single course of TMS, including extended full 
intensive courses109-112, extended tapers, maintenance TMS111, 112, 113-120, repeat full intensive 
courses111, 112, 121, and brief (aka mini or booster) intensive courses111, 112, 122. 

The FDA approved the SNT/SAINT (Stanford Neuromodulation Therapy) method of theta burst 
stimulation in September 2022.  SNT/SAINT consists of 10 theta burst stimulation treatment 
sessions daily for 5 consecutive days. Only 2 studies have been published which claim to show 
improvement of depression with the SNT/SAINT method of theta burst stimulation125,, 126. The 
first study was done so that all participants knew that they were receiving the SNT/SAINT 
treatment and was done without a comparison group that was receiving a sham version of the 
treatment, so it is not possible to conclude that any improvement was due to the treatment 
itself.  Both studies were done with insufficient sample sizes to establish effectiveness. In the 
second study, which did include a comparison group that received a sham version of the 
treatment, only 29 patients finished the study, which was not a sufficient sample size to establish 
effectiveness. Also, the second study included only a small percentage of all potential subjects 
who were screened, suggesting the possibility of selection bias, and potentially failing to 
represent the general population that would seek treatment. In addition, neither study was done 
for a sufficient length of time to demonstrate durability. The published report of the second 
study specifically states that further trials are needed to determine durability. Furthermore, both 
studies were done at the same institution, and the studies have not been replicated at any other 
institutions or facilities or clinics. Therefore, SNT/SAINT is still considered to be investigational. 

ICD-10 code X0Z0X18 indicates computer-assisted transcranial magnetic stimulation of the 
prefrontal cortex, aka Group 8 Technology computer-assisted transcranial magnetic stimulation 
of the prefrontal cortex. This TMS modality is being utilized only for research and only in 
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Europe127, 128. The manufacturer is Group 8 Technology, a company that makes devices which are 
used to calibrate and assess the performance of imaging systems in a variety of different fields, 
most of which are not related to healthcare129. 

 

2024 Update 

Recent studies have clarified the length of time required for vagus nerve stimulation (VNS) to 
demonstrate a positive response for Major Depressive Disorder.  Studies have evaluated results 
at 3, 6, 9, and 12 months after implantation.  On average, VNS does not begin to demonstrate a 
positive response until 3 months after implantation.  Maximum response is generally not 
demonstrated until 6, 9, or 12 months after implantation130-134.  For individuals who have been 
receiving transcranial magnetic stimulation (TMS) up to the time of implantation, and for whom 
TMS has been partially but inadequately effective, continuing TMS on a maintenance schedule 
during the time required for VNS to become effective, and assessing at 3 month intervals, can 
reduce the likelihood of clinical regression while waiting for VNS to become effective.  Further 
improvement from VNS after 12 months is unlikely, and a positive response from VNS is unlikely 
if there has not been a positive response by 12 months. 

 

Ongoing and Unpublished Clinical Trials 

A search of ClinicalTrials.gov in August 2017 identified over 300 ongoing trials on rTMS. 

 

Practice Guidelines and Position Statements 

American Psychiatric Association (APA) 

The APA 2010 practice guidelines for the treatment of patients with major depressive disorder 
states that treatment in the acute phase should be aimed at inducing remission of the major 
depressive episode and achieving a full return to the patient’s baseline level of functioning [I, 
Recommended with substantial clinical confidence]. Acute phase treatment may include 
pharmacotherapy, depression- focused psychotherapy, the combination of medications and 
psychotherapy, or other somatic therapies such as electroconvulsive therapy (ECT), transcranial 
magnetic stimulation (TMS), or light therapy. Several strategies are available when a change in 
the treatment plan seems necessary…. Transdermal selegiline, a relatively selective MAO B 

http://www.clinicaltrials.gov/
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inhibitor with fewer dietary and medication restrictions, or transcranial magnetic stimulation 
could also be considered [II, Recommended with moderate clinical confidence].59 

 

American Academy of Child and Adolescent Psychiatry 

In 2013, the American Academy of Child and Adolescent Psychiatry (AACP) Committee on 
Quality Issues published practice parameters for the assessment and treatment of children and 
adolescents with tic disorders. AACP does not recommend repetitive transcranial magnetic 
stimulation, citing the limited evidence regarding safety, ethics, and long-term impact on 
development. 

 

National Institute for Health and Care Excellence (NICE) 

In 2007 the National Institute for Health and Care Excellence (NICE) published an Interventional 
Procedure Guideline (IPG) 242 which stated that current evidence suggests no major safety 
concerns for the use of TMS in the treatment of depression. There was uncertainty related to the 
clinical efficacy of TMS which may depend on several factors such as higher intensity, greater 
frequency, bilateral application, and /or longer treatment durations than have appeared in 
evidence to date. TMS should be performed in research studies designed to evaluate these 
factors.60 The opinion was repeated in the NICE 2009 Clinical Guideline (CG) 90.61 

NICE guidance in 2006 on the management of bipolar disorder in adults, children and 
adolescents in primary and secondary care states that TMS should not be routinely used for 
acute depressive episodes in people with bipolar disorder. The guidance states that TMS is not 
of proven efficacy for bipolar disorder and that when compared with sham TMS the participants 
receiving sham treatment had lower endpoint mania symptom scores.62 

In December 2015, NICE updated its Interventional Procedure Guidelines [IPG542] which has the 
following recommendations: 

• The evidence on repetitive transcranial magnetic stimulation for depression shows no major 
safety concerns. The evidence on its efficacy in the short term is adequate, although the 
clinical response is variable. Repetitive transcranial magnetic stimulation for depression may 
be used with normal arrangements for clinical governance and audit. 
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• During the consent process, clinicians should, in particular, inform patients about the other 
treatment options available, and make sure that patients understand the possibility the 
procedure may not give them benefit. 

• NICE encourages publication of further evidence on patient selection, details of the precise 
type and regime of stimulation used, the use of maintenance treatment and long term 
outcomes. 

 

American Academy of Neurology (AAN) 

2006 Practice guidelines on the evaluation and treatment of depression, psychosis, and 
dementia in Parkinson disease from the AAN concluded that there is insufficient evidence to 
support or refute the efficacy of TMS or electroconvulsive therapy (ECT) in the treatment of 
depression associated with Parkinson disease (Level U; Data inadequate or conflicting given 
current knowledge, treatment is unproven).63 

 

Canadian Network for Mood and Anxiety Treatments (CANMAT) 

The CANMAT updated their clinical guidelines on neurostimulation therapies for the 
management of major depressive disorder in adults.64 The evidence reviewed supported ECT as 
a first-line treatment under specific circumstances; when used in patients who have failed to 
respond to one or more adequate antidepressant medication trials, ECT response rates have 
been estimated to be 50-60%. The guidelines considered rTMS to be a safe and well-tolerated 
treatment, with no evidence of cognitive impairment. Based on the 2008 meta-analysis by Lam 
et al.70, response (25%) and remission (17%) rates were found to be greater than sham but lower 
than for other interventions for TRD, leading to a recommendation for rTMS as a second- line 
treatment. The guidelines indicated that there is a major gap in the evidence base regarding 
maintenance rTMS, as only one open-label case series was identified. 

 

Medicare National Coverage 

There is a national coverage determination (NCD) and local coverage determinations that cover 
left prefrontal rTMS for patients diagnosed with severe Major Depression (single or recurrent 
episode) as defined by the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), and 
meet several other criteria. 
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Regulatory Status 

Devices for transcranial stimulation have received clearance by the US Food and Drug 
Administration (FDA) for diagnostic uses include the following: 

• NeoPulse (Neuronetics, Atlanta, GA) received approval in Canada, Israel and the United 
States as a therapy for depression. Initially examined by the FDA under a traditional 510(k) 
application, the NeoPulse,now known as NeuroStar TMS, received clearance for marketing as 
a “De Novo” device in 2008. 

• NeuroStar TMS is indicated for the treatment of patients with depression who have failed 
one 6-week course of antidepressant medication. 

Note:   An FDA advisory panel met in January 2007 to determine if the risk to benefit profile for 
the NeoPulse was comparable to the risk to benefit profile of predicate electroconvulsive 
therapy (ECT) devices. The panel was not asked for a recommendation regarding the 
regulatory determination of substantial equivalence for this 510(k) submission. Materials 
presented at the Neurological Devices Panel meeting are posted online at: 
https://wayback.archive-
it.org/7993/20170405055025/https://www.fda.gov/ohrms/dockets/ac/07/briefing/2007-4273b1_14-

Bibliography-510kAppendix24.pdf  Accessed June 6, 2024. 

FDA approved devices for transcranial stimulation treatment of major depression disorder 
include but may not be limited to the following: 

• For standard repetitive TMS: NeuroStar TMS (formerly known as NeoPulse); MagPro “R” 
series stimulators; MagVita TMS Therapy system; Magstim Rapid Therapy System 

• For deep TMS: Brainsway H-Coil Deep TMS device 

The Brainsway H-Coil Deep TMS device (Brainsway Ltd.) received FDA clearance in 2013. This 
device is indicated for the treatment of depression in patients who have failed to respond to 
antidepressant medications in their current episode of depression and is a broader indication 
than that of the NeuroStar TMS, which specifies the failure of one course of antidepressant 
medication (product code: OBP). 

Other TMS devices not FDA approved for the treatment of depression and other psychiatric 
disorders: 

https://wayback.archive-it.org/7993/20170405055025/https:/www.fda.gov/ohrms/dockets/ac/07/briefing/2007-4273b1_14-Bibliography-510kAppendix24.pdf
https://wayback.archive-it.org/7993/20170405055025/https:/www.fda.gov/ohrms/dockets/ac/07/briefing/2007-4273b1_14-Bibliography-510kAppendix24.pdf
https://wayback.archive-it.org/7993/20170405055025/https:/www.fda.gov/ohrms/dockets/ac/07/briefing/2007-4273b1_14-Bibliography-510kAppendix24.pdf
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• The Cerena TMS device (Eneura Therapeutics) received De Novo marketing clearance in 2013 
for the acute treatment of pain associated with migraine headache with aura. Warnings, 
precautions, and contraindications include the following: 

o The device is only intended for use by patients experiencing the onset of pain associated 
with a migraine headache with aura. 

o The device should not be used on headaches due to underlying pathology or trauma. 

o The device should not be used for medication overuse headaches. 

o The device has not been demonstrated as safe or effective when treating cluster 
headache or chronic migraine headache. 

o The device has not been shown to be effective when treating during the aura phase. 

o The device has not been demonstrated as effective in relieving the associated symptoms 
of migraine (photophobia, phonophobia, and nausea). 

o Safety and effectiveness have not been established in pregnant women, children under 
the age of 18, and adults over the age of 65. 

The De Novo 510(k) review process allows novel products with moderate or low risk profiles and 
without predicates which would ordinarily require premarket approval as a class III device to be 
down-classified in an expedited manner and brought to market with a special control as a class 
II device. 

 

References  

 

1. Gross M, Nakamura L, Pascual-Leone A, et al. Has repetitive transcranial magnetic stimulation (rTMS) treatment for depression 
improved? A systematic review and meta-analysis comparing the recent vs. the earlier rTMS studies. Acta Psychiatr Scand. Sep 
2007;116(3):165-173. PMID 17655557 

2. Schutter DJ. Antidepressant efficacy of high-frequency transcranial magnetic stimulation over the left dorsolateral prefrontal 
cortex in double-blind sham-controlled designs: a meta-analysis. Psychol Med. Jan 2009;39(1):65-75. PMID 18447962 

3. Blue Cross and Blue Shield Association Technology Evaluation Center (TEC). Transcranial magnetic stimulation for depression. 
TEC Assessments 2009; Volume 24, Tab 5. 

4. Blue Cross and Blue Shield Association Technology Evaluation Center (TEC). Transcranial magnetic stimulation for depression. 
TEC Assessments 2011; Volume 26, Tab 3. 

5. Blue Cross and Blue Shield Association Technology Evaluation Center (TEC). Transcranial magnetic stimulation for depression. 
TEC Assessments 2013; Volume 28, Tab 9. 



Page | 49 of 60  ∞ 

6. Gaynes B, Lux L, Lloyd S et al. Nonpharmacologic Interventions for Treatment-Resistant Depression in Adults. Comparative 
Effectiveness Review No. 33. (Prepared by RTI International-University of North Carolina (RTI-UNC) Evidence based Practice 
Center under Contract No. 290-02-0016I.) AHRQ Publication No. 11-EHC056- EF. Rockville, MD: Agency for Healthcare Research 
and Quality. 2011. Nonpharmacologic Interventions for Treatment-Resistant Depression in Adults [Internet] - PubMed  
Accessed April 24, 2025. 

7. O'Reardon JP, Solvason HB, Janicak PG et al. Efficacy and safety of transcranial magnetic stimulation in the acute treatment of 
major depression: a multisite randomized controlled trial. Biol Psychiatry 2007; 62(11):1208-16. PMID 17573044 

8. George MS, Lisanby SH, Avery D et al. Daily left prefrontal transcranial magnetic stimulation therapy for major depressive 
disorder: a sham-controlled randomized trial. Arch Gen Psychiatry 2010; 67(5):507-516. PMID 20439832 

9. Schutter DJ. Antidepressant efficacy of high-frequency transcranial magnetic stimulation over the left dorsolateral prefrontal 
cortex in double-blind sham-controlled designs: a meta-analysis. Psychol Med 2009; 39(1):65-75. 

10. Gross M, Nakamura L, Pascual-Leone A et al. Has repetitive transcranial magnetic stimulation (rTMS) treatment for depression 
improved? A systematic review and meta-analysis comparing the recent vs. the earlier rTMS studies. Acta Psychiatr Scand 2007; 
116(3):165-73. 

11. Avery DH, Holtzheimer PE III, Fawaz W et al. A controlled study of repetitive transcranial magnetic stimulation in medication-
resistant major depression. Biol Psychiatry 2006;59(2):187-94. 

12. Rossini D, Lucca A, Zanardi R et al. Transcranial magnetic stimulation in treatment-resistant depressed patients: a double-blind, 
placebo-controlled trial. Psychiatry Res 2005; 137(1-2):1-10. 

13. Mogg A, Pluck G, Eranti SV et al. A randomized controlled trial with 4-month follow-up of adjunctive repetitive transcranial 
magnetic stimulation of the left prefrontal cortex for depression. Psychol Med 2008; 38(3):323-33. 

14. Fitzgerald PB, Hoy K, McQueen S et al. A randomized trial of rTMS targeted with MRI based neuro- navigation in treatment-
resistant depression. Neuropsychopharmacology 2009; 4(5):1255-62. 

15. Grunhaus L, Schreiber S, Dolberg OT et al. A randomized controlled comparison of electroconvulsive therapy and repetitive 
transcranial magnetic stimulation in severe and resistant nonpsychotic major depression. Biol Psychiatry 2003; 53(4):324-31. 

16. McLoughlin DM, Mogg A, Eranti S et al. The clinical effectiveness and cost of repetitive transcranial magnetic stimulation versus 
electroconvulsive therapy in severe depression: a multicentre pragmatic randomized controlled trial and economic analysis. 
Health Technol Assess 2007; 11(24):1-54. 

17. Rosa MA, Gattaz WF, Pascual-Leone A et al. Comparison of repetitive transcranial magnetic stimulation and electroconvulsive 
therapy in unipolar non-psychotic refractory depression: a randomized, single-blind study. Int J Neuropsychopharmacol 2006; 
9(6):667-76. 

18. US Food and Drug Administration. 510(k) Summary: Brainsway deep TMS System. 2013. Available online at:  
http://www.accessdata.fda.gov/cdrh_docs/pdf12/k122288.pdf  Accessed April 24, 2025. 

19. Fitzgerald PB, Brown TL, Marston NA et al. Transcranial magnetic stimulation in the treatment of depression: a double-blind, 
placebo-controlled trial. Arch Gen Psychiatry 2003; 60(10):1002-8. 

20. Fitzgerald et al. A randomized, controlled trial of sequential bilateral repetitive transcranial magnetic stimulation for treatment-
resistant depression. Am J Psychiatry 2006;163(1):88-94. 

21. Fitzgerald PB, Huntsman S, Gunewardene R et al. A randomized trial of low-frequency right-prefrontal-cortex transcranial 
magnetic stimulation as augmentation in treatment-resistant major depression. Int J Neuropsychopharmacol 2006; 9(6):655-66. 

22. Triggs WJ, Ricciuti N, Ward HE et al. Right and left dorsolateral pre-frontal rTMS treatment of refractory depression: a 
randomized, sham-controlled trial. Psychiatry Res 2010; 178(3):467-74. 

23. Koerselman F, Laman DM, van Duijn H et al. A 3-month follow-up, randomized, placebo-controlled study of repetitive 
transcranial magnetic stimulation in depression. J Clin Psychiatry 2004; 65:1323-9. 

https://pubmed.ncbi.nlm.nih.gov/22091472/
http://www.accessdata.fda.gov/cdrh_docs/pdf12/k122288.pdf


Page | 50 of 60  ∞ 

24. Rumi DO, Gattaz WF, Rigonatti SP et al. Transcranial magnetic stimulation accelerates the antidepressant effect of amitriptyline 
in severe depression: a double-blind placebo-controlled study. Biol Psychiatry 2005; 57(2):162-6. 

25. Herwig U, Fallgatter AJ, Höppner J et al. Antidepressant effects of augmentative transcranial magnetic stimulation: randomised 
multicentre trial. Br J Psychiatry 2007; 191:441-8. 

26. Jorge RE, Moser DJ, Acion L et al. Treatment of vascular depression using repetitive transcranial magnetic stimulation. Arch Gen 
Psychiatry 2008; 65(3):268-76. 

27. Ullrich H, Kranaster L, Sigges E et al. Ultra-high-frequency left prefrontal transcranial magnetic stimulation as augmentation in 
severely ill patients with depression: a naturalistic sham-controlled, double-blind, randomized trial. Neuropsychobiology 2012; 
66(3):141-8. 

28. Demirtas-Tatlidede A, Mechanic-Hamilton D, Press DZ et al. An open-label, prospective study of repetitive transcranial 
magnetic stimulation (rTMS) in the long-term treatment of refractory depression: reproducibility and duration of the 
antidepressant effect in medication-free patients. J Clin Psychiatry 2008; 69(6):930-4. 

29. Richieri R, Guedj E, Michel P et al. Maintenance transcranial magnetic stimulation reduces depression relapse: a propensity-
adjusted analysis. J Affect Disord 2013; 151(1):129-35. 

30. Connolly KR, Helmer A, Cristancho MA et al. Effectiveness of transcranial magnetic stimulation in clinical practice post-FDA 
approval in the United States: results observed with the first 100 consecutive cases of depression at an academic medical 
center. J Clin Psychiatry 2012; 73(4):e567-73.  

31. Janicak PG, Nahas Z, Lisanby SH et al. Durability of clinical benefit with transcranial magnetic stimulation (TMS) in the treatment 
of pharmacoresistant major depression: assessment of relapse during a 6-month, multisite, open-label study. Brain Stimul 2010; 
3(4):187-99. 

32. Fitzgerald PB, Grace N, Hoy KE et al. An open label trial of clustered maintenance rTMS for patients with refractory depression. 
Brain Stimul 2012 [Epub ahead of print]. 

33. Ahmed MA, Darwish ES, Khedr EM et al. Effects of low versus high frequencies of repetitive transcranial magnetic stimulation on 
cognitive function and cortical excitability in Alzheimer's dementia. J Neurol 2011. 

34. Rabey JM, Dobronevsky E, Aichenbaum S et al. Repetitive transcranial magnetic stimulation combined with cognitive training is 
a safe and effective modality for the treatment of Alzheimer's disease: a randomized, double-blind study. J Neural Transm 2012 
[Epub ahead of print]. 

35. Weaver L, Rostain AL, Mace W et al. Transcranial magnetic stimulation (TMS) in the treatment of attention-deficit/hyperactivity 
disorder in adolescents and young adults: a pilot study. J ECT 2012; 28(2):98-103. 

36. Walpoth M, Hoertnagl C, Mangweth-Matzek B et al. Repetitive transcranial magnetic stimulation in bulimia nervosa: preliminary 
results of a single-centre, randomised, double-blind, sham-controlled trial in female outpatients. Psychother Psychosom 2008; 
77(1):57-60. 

37. Khedr EM, Abo-Elfetoh N, Rothwell JC. Treatment of post-stroke dysphagia with repetitive transcranial magnetic stimulation. 
Acta Neurol Scand 2009; 119(3):155-61. 

38. Kim L, Chun MH, Kim BR et al. Effect of repetitive transcranial magnetic stimulation on patients with brain injury and Dysphagia. 
Ann Rehabil Med 2011; 35(6):765-71.  

39. Sun W, Mao W, Meng X et al. Low-frequency repetitive transcranial magnetic stimulation for the treatment of refractory partial 
epilepsy: a controlled clinical study. Epilepsia 2012; 53(10):1782-9.  

40. Marlow NM, Bonilha HS, Short EB. Efficacy of transcranial direct current stimulation and repetitive transcranial magnetic 
stimulation for treating fibromyalgia syndrome: a systematic review. Pain Pract 2012 [Epub ahead of print]. 

41. Short EB, Borckardt JJ, Anderson BS et al. Ten sessions of adjunctive left prefrontal rTMS significantly reduces fibromyalgia pain: 
A randomized, controlled pilot study. Pain 2011; 152(11):2477-84. 



Page | 51 of 60  ∞ 

42. Maestu C, Blanco M, Nevado A et al. Reduction of pain thresholds in fibromyalgia after very low-intensity magnetic stimulation: 
A double-blinded, randomized placebo-controlled clinical trial. Pain Res Manag 2013; 18(6):e101-6. 

43. US Food and Drug Administration. De Novo classification request for cerena transcranial magnetic stimulator (TMS) device. 
2013. Available online at: http://www.accessdata.fda.gov/cdrh_docs/reviews/K130556.pdf  Accessed April 24, 2025. 

44. Berlim MT, Neufeld NH, Van den Eynde F. Repetitive transcranial magnetic stimulation (rTMS) for obsessive-compulsive 
disorder (OCD): an exploratory meta-analysis of randomized and sham-controlled trials. J Psychiatr Res 2013; 47(8):999-1006 

45. Mantovani A, Aly M, Dagan Y et al. Randomized sham controlled trial of repetitive transcranial magnetic stimulation to the 
dorsolateral prefrontal cortex for the treatment of panic disorder with comorbid major depression. J Affect Disord 2013; 144(1-
2):153-9. 

46. Elahi B, Elahi B, Chen R. Effect of transcranial magnetic stimulation on Parkinson motor function-- systematic review of 
controlled clinical trials. Mov Disord 2009; 24(3):357-63. 

47. Benninger DH, Iseki K, Kranick S et al. Controlled study of 50-Hz repetitive transcranial magnetic stimulation for the treatment 
of Parkinson disease. Neurorehabil Neural Repair 2012; 26(9):1096-105. 

48. Yang YR, Tseng CY, Chiou SY et al. Combination of rTMS and treadmill training modulates corticomotor inhibition and improves 
walking in Parkinson disease: a randomized trial. Neurorehabil Neural Repair 2013; 27(1):79-86. 

49. Shirota Y, Ohtsu H, Hamada M et al. Supplementary motor area stimulation for Parkinson disease: a randomized controlled 
study. Neurology 2013; 80(15):1400-5. 

50. Myczkowski ML, Dias AM, Luvisotto T et al. Effects of repetitive transcranial magnetic stimulation on clinical, social, and 
cognitive performance in postpartum depression. Neuropsychiatr Dis Treat 2012; 8:491-500. 

51. Cohen H, Kaplan Z, Kotler M et al. Repetitive transcranial magnetic stimulation of the right dorsolateral prefrontal cortex in 
posttraumatic stress disorder: a double-blind, placebo-controlled study. Am J Psychiatry 2004; 161(3):515-24. 

52. Watts BV, Landon B, Groft A et al. A sham controlled study of repetitive transcranial magnetic stimulation for posttraumatic 
stress disorder. Brain Stimul 2012; 5(1):38-43. 

53. Isserles M, Shalev AY, Roth Y et al. Effectiveness of deep transcranial magnetic stimulation combined with a brief exposure 
procedure in post-traumatic stress disorder - A pilot study. Brain Stimul 2012 [Epub ahead of print]. 

54. Blue Cross and Blue Shield Association Technology Evaluation Center (TEC). Transcranial magnetic stimulation for the treatment 
of schizophrenia. TEC Assessments 2011; Volume 26, Tab 6.  

55. Slotema CW, Aleman A, Daskalakis ZJ et al. Meta-analysis of repetitive transcranial magnetic stimulation in the treatment of 
auditory verbal hallucinations: update and effects after one month. Schizophr Res 2012; 142(1-3):40-5. 

56. Blumberger DM, Christensen BK, Zipursky RB et al. MRI-targeted repetitive transcranial magnetic stimulation of Heschl's gyrus 
for refractory auditory hallucinations. Brain Stimul 2012; 5(4):577-85. 

57. Rosenberg O, Gersner R, Klein LD et al. Deep transcranial magnetic stimulation add-on for the treatment of auditory 
hallucinations: a double-blind study. Ann Gen Psychiatry 2012; 11:13. 

58. Hsu WY, Cheng CH, Liao KK et al. Effects of repetitive transcranial magnetic stimulation on motor functions in patients with 
stroke: a meta-analysis. Stroke 2012; 43(7):1849-57. 

59. Hao Z, Wang D, Zeng Y et al. Repetitive transcranial magnetic stimulation for improving function after stroke. Cochrane 
Database Syst Rev 2013; 5:CD008862.  

60. Seniow J, Bilik M, Lesniak M et al. Transcranial magnetic stimulation combined with physiotherapy in rehabilitation of 
poststroke hemiparesis: a randomized, double-blind, placebo-controlled study. Neurorehabil Neural Repair 2012; 26(9):1072-9. 

61. American Psychiatric Association. Practice Guidelines for the treatment of patients with major depressive disorder. 2010. 
Available online at: http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf  
Accessed April 24, 2025. 

http://www.accessdata.fda.gov/cdrh_docs/reviews/K130556.pdf
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf


Page | 52 of 60  ∞ 

62. National Institute for Health and Care Excellence. Interventional Procedure Guideline (IPG) 242 Transcranial magnetic 
stimulation for severe depression. 2007. Available online at: https://www.nice.org.uk/guidance/ipg242  Accessed April 24, 
2025. 

63. National Institute for Health and Care Excellence. Clinical Practice Guideline (CG) 90 Depression in adults: The treatment and 
management of depression in adults. 2009. Available online at: https://www.nice.org.uk/guidance/cg90  Accessed April 24, 
2025. 

64. National Institute for Health and Care Excellence. Bipolar disorder: The management of bipolar disorder in adults, children and 
adolescents, in primary and secondary care. September 2014. Available online at: https://www.nice.org.uk/guidance/cg185  
Accessed April 24, 2025. 

65. Miyasaki JM, Shannon K, Voon V et al. Practice Parameter: evaluation and treatment of depression, psychosis, and dementia in 
Parkinson disease (an evidence-based review): report of the Quality Standards Subcommittee of the American Academy of 
Neurology. Neurology 66(7):996-1002.  

66. Ray S, Nizamie SH, Akhtar S et al. Efficacy of adjunctive high frequency repetitive transcranial magnetic stimulation of left 
prefrontal cortex in depression: A randomized sham controlled study. J Affect Disord 2011; 128:153-159  

67. Carpenter LL, Janicak PG, Aaronson ST et al. Transcranial magnetic stimulation (TMS) for major depression: a multisite 
naturalistic, observational study of acute treatment outcomes in clinical practice. Depression and Anxiety 2012; 29:587-596. 

68. Connolly KR, Helmer A, Cristancho M et al. Effectiveness of transcranial magnetic stimulation in clinical practice post-FDA 
approval in the United States: results observed with the first 100 consecutive cases of depression at an academic medical 
center. J. Clin Psychiatry 2012; 73: 567-573. 

69. Kennedy SH, Milev R, Giacobbe P et al; Canadian Network for Mood and Anxiety Treatments. Canadian Network for Mood and 
Anxiety Treatments (CANMAT) Clinical guidelines for the management of major depressive disorder in adults. IV. 
Neurostimulation therapies. J Affect Disord 2009; 117(Suppl 1):S44-53.  

70. Seppi K, Weintraub D, Coelho M et al. The Movement Disorder Society Evidence-Based Medicine Review Update: Treatments 
for the non-motor symptoms of Parkinson's disease. Mov Disord 2011; 26 Suppl 3:S42-80. 

71. Lam RW, Chan P, Wilkins-Ho M et al. Repetitive transcranial magnetic stimulation for treatment-resistant depression: a 
systematic review and metaanalysis. Can J Psychiatry 2008; 53(9):621-31. 

72. Blue Cross and Blue Shield Association. Transcranial Magnetic Stimulation as a Treatment of Depression and Other Psychiatric 
and Neurologic Disorders. Medical Policy Reference Manual, 2.01.50, 2015.  

73. Berlim MT, Van den Eynde F, Daskalakis ZJ. Efficacy and acceptability of high frequency repetitive transcranial magnetic 
stimulation (rTMS) versus electroconvulsive therapy (ECT) for major depression: a systematic review and meta-analysis of 
randomized trials. Depress Anxiety. Jul 2013;30(7):614-623. 

74. Kedzior KK, Reitz SK, Azorina V, et al. Durability OF the antidepressant effect of the high-frequency repetitive transcranial 
magnetic stimulation (rTMS) In the absence of maintenance treatment in major depression: a systematic review and meta-
analysis of 16 double-blind, randomized, sham-controlled trials. Depress Anxiety. Mar 2015;32(3):193-203.  

75. Chou YH, Hickey PT, Sundman M, et al. Effects of repetitive transcranial magnetic stimulation on motor symptoms in Parkinson 
disease: a systematic review and meta-analysis. JAMA Neurol. Apr 2015;72(4):432-440. 

76. Dougall N, Maayan N, Soares-Weiser K, et al. Transcranial magnetic stimulation (TMS) for schizophrenia. Cochrane Database 
Syst Rev. 2015;8:CD006081. 

77. Li Y, Qu Y, Yuan M, et al. Low-frequency repetitive transcranial magnetic stimulation for patients with aphasia after stroke: A 
meta-analysis. J Rehabil Med. Sep 3 2015;47(8):675-681. 

78. National Institute for Health and Care Excellence. Interventional Procedure Guideline (IPG) 542 Transcranial magnetic 
stimulation for severe depression. 2015. Available online at: https://www.nice.org.uk/guidance/indevelopment  Accessed 
April 24, 2025.  

https://www.nice.org.uk/guidance/ipg242
https://www.nice.org.uk/guidance/cg90
https://www.nice.org.uk/guidance/cg185
https://www.nice.org.uk/guidance/indevelopment


Page | 53 of 60  ∞ 

79. Murphy TK, Lewin AB, Storch EA, et al. Practice parameter for the assessment and treatment of children and adolescents with tic 
disorders. J Am Acad Child Adolesc Psychiatry. Dec 2013;52(12):1341-1359. 

80. Blumberger DM, Vila-Rodriguez F, Thorpe KE et al. Effectiveness of theta burst versus high-frequency repetitive transcranial 
magnetic stimulation in patients with depression (THREE-D): a randomised non-inferiority trial. Lancet 2018; 391(issue 
101310):1683-1692.  

81. Chu, H-T, Cheng C-M, Liang C-S. et al. Efficacy and tolerability of theta-burst stimulation for major depression: a systematic 
review and meta-analysis. Prog Neuropsychopharmacol Biol Psychiatry 2021; 106 (March): article110168.  

82. Spitz NA, Eyck PT, Nizar K e al. Similar outcomes in treating major depressive disorder with 10 Hz repetitive transcranial 
magnetic stimulation (rTMS) versus intermittent theta burst stimulation (iTBS): a naturalistic observational study. J Psychiatr 
Pract 2022; 28(2):98-107.   

83. Voigt JD, Leuchter AF, and Carpenter LL. Theta burst stimulation for the acute treatment of major depressive disorder: a 
systematic review and meta-analysis. Transl Psychiatry 2021; 11(1):1-12.  

84. Goldman P, Pedersen E, Bailey M et al. Age as a determinant of transcranial magnetic stimulation efficacy for major depressive 
disorder in a naturalistic setting. Brain Stimulation 2022; 15(4):695-696. 

85. Magavi LR, Reti IM, and Vasa RA, A review of repetitive transcranial magnetic stimulation for adolescents with treatment-
resistant depression. Int Rev Psychiatry 2017; 29(2):79-88.  

86. Leggett LE, Sorill LJJ, Coward S et al. Repetitive transcranial magnetic stimulation for treatment-resistant depression in adult 
and youth populations: a systematic literature review and meta-analysis. Prim Care Companion CNS Disor 2015; 17(6): doi: 
10.4088/PCC.15R01807.  

87. Krishnan C, Santos L, Peterson D, and Ehinger M. Safety of noninvasive brain stimulation in children and adolescents. Brain 
Stimulation 2015; 8(1):76-87. 

88. Allen C, Kluger BM, and Buard I. Safety of transcranial magnetic stimulation in children: a systematic review of the literature. 
Pediatric Neurol 2017; 68(March):3-17.   

89. Bermudes RA, Lanocha KI, and Janicak PG, editors. Transcranial Magnetic Stimulation: Clinical Applications for Psychiatric 
Practice. American Psychiatric Association Publishing 2018; Washington D.C.  

90. McIntyre R. Targeting unmet needs in the treatment of major depressive disorder. Current Psychiatry 2019; 18(9):S1-S8.   

91. Rush AJ, South C, Jha MK et al. What to expect when switching to a second antidepressant medication following an ineffective 
initial SSRI: a report from the randomized clinical STAR*D study. J Clin Psychiatry 2020; 81(5): article 19M12949.    

92. Calabrese JR,  Durgam S,  Satlin S et al. Efficacy and safety of lumateperone for major depressive episodes associated with 
bipolar I or bipolar II disorder: a phase 3 randomized placebo-controlled trial. Am J Psychiatry 2021; 178(12):1098-1106. 

93. Meyer JM. Lumateperone for major depressive episodes in bipolar I or bipolar 2 disorder. Current Psychiatry 2022; 21(3):44-51. 

94. Early W, Burgess MV, Rekeda L et al. Cariprazine treatment of bipolar depression: a randomized double-blind placebo-
controlled phase 3 study. Am J Psychiatry 2019; 176(6):439-448. 

95. Duram S, Eealey W, Lipschitz A et al. An 8-week randomized, double-blind, placebo-controlled evaluation of the safety and 
efficacy of cariprazine in patients with bipolar I depression. Am J Psychiatry 2016; 173(3):271-81. 

96. Saraf G, Pinto JV, and Yatham LN. Efficacy and safety of cariprazine in the treatment of bipolar disorder.  Expert Opinion on 
Pharmacotherapy 2019; 20(17): 2063-2072. 

97. Ragguett R-M and McIntyre RS. Cariprazine for the treatment of bipolar depression: a review. Expert Review of 
Neurotherapeutics 2019;19(4):317-323. 

98. Muzina DJ, Gao K, Kemp DE et al. Acute efficacy of divalproex sodium versus placebo in mood stabilizer-naïve bipolar I or II 
depression: a double-blind, randomized, placebo-controlled trial. J Clin Psychiatry 2011; 72(6):813-819.   

99. Ghaemi SN, Gilmer WS, Goldberg JF et al. Divalproex in the treatment of acute bipolar depression: a preliminary double-blind, 
randomized, placebo-controlled pilot study. J Clin Psychiatry 2007; 68(12):1840-1844. 

https://pubmed.ncbi.nlm.nih.gov/?term=Calabrese+JR&cauthor_id=34551584
https://pubmed.ncbi.nlm.nih.gov/?term=Durgam+S&cauthor_id=34551584
https://pubmed.ncbi.nlm.nih.gov/?term=Satlin+A&cauthor_id=34551584


Page | 54 of 60  ∞ 

100. Smith LA, Cornelius VR, Azorin JM et al. Valproate for the treatment of acute bipolar depression: systematic review and meta-
analysis. J Affect Disord 2010; 122(1-2):1-9. 

101. Schatzberg AF and DeBattista C. Schatzberg’s Manual of Clinical Psychopharmacology, Ninth Edition. American Psychiatric 
Association Publishing 2019; Washington D.C.       

102. Carmi L, Tendler A, Bystritsky A et al. Efficacy and safety of deep transcranial magnetic stimulation for obsessive-compulsive 
disorder: a prospective randomized multicenter double-blinded placebo controlled trial. Am J Psychiatry 2019; 176(11):931-938. 

103. Roth Y, Tendler A, Arikan MK et al. Real-world efficacy of deep TMS for obsessive-compulsive disorder: post-marketing data 
collected from twenty-two clinical sites. Journal of Psychiatric Research 2021; 137(May):667-672.    

104. Roth Y, Barnea-Ygael N, Carmi L et al. Deep transcranial magnetic stimulation for obsessive-compulsive disorder is efficacious 
even in patients who failed multiple medications and CBT. Psychiatry Research 2020; 290(August): article 113179.   

105. Hawken ER, Dilkov D, Kaludiev E et al. Transcranial magnetic stimulation of the supplementary motor area in the treatment of 
obsessive-compulsive disorder: a muti-site study. Int J Mol Sci 2016; 17(3):420; doi: 10.3390/ijms17030420.  

106. Carmi L, Alyagon U, Barnea-Ygael N, et al. Clinical and electrophysiological outcomes of deep TMS over the medial prefrontal 
and anterior cingulate cortices in OCD patients. Brain Stimulation 2018; 11(1):158-165. 

107. Tender A and Roth Y. Deep repetitive TMS with the H7 coil is sufficient to treat comorbid MDD ad OCD. Brain Stimulation 2021: 
14(3):658-661.    

108. Clinical TMS Society. Coverage Guidance for TMS for OCD. Clinical TMS Society, Inc. Fresno, CA. www.clinicaltmssociety.org.     
Accessed April 24, 2025. 

109. Avery DH, Isenberg KE, Sampson SM et al. Transcranial magnetic stimulation in the acute treatment of major depressive 
disorder: clinical response in an open-label extension trial. J Clin Psychiatry 2008; 69(3):441-451. 

110. McDonald WM, Durkalski V, Ball ER, et al. Improving the antidepressant efficacy of transcranial magnetic stimulation: 
maximizing the number of stimulations and treatment location in treatment-resistant depression. Depress Anxiety 2011; 
28(11):973-980.  

111. McClintock SM, Reti IM, Caprenter LL et al. Consensus recommendations for the clinical application of repetitive transcranial 
magnetic stimulation (rTMS) in the treatment of depression. J Clin Psychiatry 2018; 79(1): article 16CS10905. 

112. Perera T, George MS, Grammar G et al. The Clinical TMS Society Consensus Review and Treatment Recommendations for TMS 
Therapy for Major Depressive Disorder. Brain Stimulation 2016; 9(3):336-346. 

113. Chang J, Chu Y, Ren Y et al. Maintenance treatment of transcranial magnetic stimulation (TMS) for treatment-resistant 
depression patients responding to acute TMS treatment. Int J Physiol Pathophysiol Pharmacol 2020; 12(5):128-133. 

114. Rapinesi C, Bersani FS, Kotzalidi GD et al. Maintenance deep transcranial magnetic stimulation sessions are associated with 
reduced depressive relapses in patients with unipolar or bipolar depression. Frontiers in Neurology 2015; 6:16. doi: 
10.3389/fneur.2015.00016.   

115. Richieri R, Guedi E, Michel P et al. Maintenance transcranial magnetic stimulation reduces depression relapse: a propensity-
adjusted analysis. J Affect Disord 2013; 151(1):129-135. 

116. Karolina K, Reitz SK, Azorina V, and Loo C. Durability of the antidepressant effect of the high-frequency repetitive transcranial 
magnetic stimulation (rTMS) In the absence of maintenance treatment in major depression: a systematic review and meta-
analysis of 16 double-blind, randomized, sham-controlled trials. Depress Anxiety 2015; 32(3):193-203. 

117. Senova S, Cotovio G, Pacual-Leone A, and Oliveira-Maia AJ. Durability of antidepressant response to repetitive transcranial 
magnetic stimulation: Systematic review and meta-analysis. Brain Stimulation 2019; 12(1):119-128. 

118. Rachid F. Maintenance transcranial magnetic stimulation (rTMS) for relapse prevention with depression: a review. Psychiatry 
Research 2018; 262(April): 363-372. 

119. Haesebaert F, Moirand R, Schott-Pethelaz AM et al. Usefulness of repetitive transcranial magnetic stimulation as a maintenance 
treatment in patients with major depression. World J Biol Psychiatry 2018; 19(1):74-78. 

http://www.clinicaltmssociety.org/


Page | 55 of 60  ∞ 

120. Pridmore S and May T. Relapse prevention (RP) TMS. Brain Stimulation 2018; 11(6):1391-1392. 

121. Janicak PG, Nahas Z, Lisanby SH et al. Durability of clinical benefit with transcranial magnetic stimulation (TMS) in the treatment 
of pharmacoresistant major depression: assessment of relapse during a 6-month, multisite, open-label study. Brain Stimulation 
2010; 3(4):187-199.  

122. Philip NS, Dunner DL, Dowd SM et al. Can medication free, treatment-resistant depressed patients who initially responded to 
TMS be maintained off medications? A propsecitve,12-month multisite randomized pilot study. Brain Stimulation 2016: 
9(2):251-257. 

123.  Mallik G, Mishra P, Garg, S, et al. Safety and efficacy of continuous theta burst “intensive” stimulation in acute-phase bipolar 
depression: A pilot, exploratory study. The Journal of ECT: July 7, 2022. doi: 0.1097/YCT.0000000000000870. Online ahead of 
print.  

124. Zhou S, and Fang Y. Efficacy of non-invasive brain stimulation for refractory obsessive-compulsive disorder: A meta-analysis of 
randomized controlled trials. Brain Sciences. 2022; 12(7):943. https://doi.org/10.3390/brainsci12070943. Published online 2022 
Jul 19. Accessed September 28, 2022. 

125. Cole EJ, Stimpson KH, Bentzley BS, et al. Stanford Accelerated Intelligent Neuromodulation Therapy for treatment-resistant 
depression. American Journal of Psychiatry. 2020; 177(8): 716-726. 

126. Cole EJ, Phillips AL, Bentzley BS, et al. Stanford Accelerated Intelligent Neuromodulation Therapy (SNT): a double-blind 
randomized controlled trial. American Journal of Psychiatry. 2022; 179(2): 132-141. 

127. Giordano D, Kavasidis I, Spampinato C et al. ,An integrated computer-controlled system for assisting researchers 
in cortical excitability studies by using transcranial magnetic stimulation. Computer Methods and Programs in 
Biomedicine 2012: 107(1): 4-15. 

128. Computer-assisted transcranial magnetic stimulation. https://www.ugent.be › research › eelab › lfe › catmstim. Accessed 
April 24, 2025. 

129. https://www.group8tech.com Accessed April 24, 2025. 

130. Austelle CW, O'Leary GH, Thompson S, Gruber E, Kahn A, Manett AJ, Short B, Badran BW. A Comprehensive Review of Vagus 
Nerve Stimulation for Depression. Neuromodulation. 2022 Apr;25(3):309-315.  

131. Carreno FR, Frazer A. Vagal nerve stimulation for treatment-resistant depression. Neurotherapeutics 2017;14:716–727. 

132. Aaronson ST, Conway CR. Vagus Nerve Stimulation: Changing the Paradigm for Chronic Severe Depression? Psychiatr Clin 
North Am. 2018 Sep;41(3):409-418. doi: 10.1016/j.psc.2018.05.001. PMID: 30098654. 

133. Boland R, Verduin ML. Other Somatic Therapies.  In Boland R, Verduin ML Kaplan and Sadock’s Concise Textbook of Clinical 
Psychiatry. Fifth Edition. Wolters Kluwer, 2023.    

134. Rowny SB and Lucas M.  Brain Stimulation Methods. In Sadock BJ, Sadock VA, Ruiz P, editors. Kaplan and Sadock’s 
Comprehensive Textbook of Psychiatry. Tenth Edition. Wolters Kluwer, 2017 

 

Appendix  

 

Abbreviations 
BDI Beck Depression Inventory 

DLFPC Dorsolateral prefrontal cortex 
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Abbreviations 
ECT Electroconvulsive therapy 

HAM-D Hamilton Depression Rating Scale 

MADRS Montgomery-Asberg Depression Rating Scale 

MT Motor threshold 

rTMS Repetitive transcranial magnetic stimulation 

TRD Treatment-resistant depression 

 

History  

 

Date Comments 
01/14/13 New policy. Policy replaces 2.01.50 which is deleted. Previously considered 

investigational for all indications, policy statement created to consider TMS medically 
necessary for treatment resistant major depression when certain criteria are met. 
Added code 296.2x. 

02/13/13 Replace policy. Added code 296.3x. Added literature review on multiple conditions: 
rTMS maintenance therapy, Alzheimer’s, ADHS, Dysphagia, Epilepsy, Fibromyalgia, 
Panic Disorder, Parkinson Disease. Postpartum Depression, Posttraumatic Stress 
Disorder and Stroke. 

07/25/13 Update Related Policies. Add 8.01.39. 

06/19/14 Annual Review. Policy updated with an additional criterion of “bona-fide 
contraindication to ECT on the first medically necessary policy statement. An additional 
medically necessary policy for treatment of bipolar depression (Major Depression as a 
component of Bipolar Disorder or Schizoaffective Disorder) when criteria are met 
(failed medication trials as outlined and a positive clinical response to a previous 
course of treatment with TMS). References reordered and 

07/14/14 Interim Update. For treatment of bipolar depression (Major Depression as a 
component of Bipolar Disorder or Schizoaffective Disorder), medically necessary policy 
criterion “failure of trials of 4 antidepressant medications, or 3 antidepressant 
medications plus ECT, as indicated above for Major Depression, except that all trials 
must have reached the point of adequate dose and duration or intolerable effects 
without the emergence of mania or hypomania” removed. 

02/25/15 Annual Review. Under Major Depressive Disorder policy statement removed criteria 
about failure of 3 medication trials or ECT trial contraindications/intolerance/poor 
response. Policy updated with literature review through October 2014; references 9, 15, 
17, 25, 27, 36, 48, 52-53, 55 added; others renumbered/removed. Policy statement 
criteria removed as noted. 
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Date Comments 
04/14/15 Interim Update. Medically necessary policy statement addressing Major Depressive 

Disorder updated with an additional criterion: failure of at least 3 different 
antidepressant medication trials, from at least 2 different classes, plus failure with the 
addition of an augmenting agent to at least one of the antidepressants. Policy 
Guidelines section updated with the removal of pregnancy as a contraindication to 
TMS; notation made of repeat course of TMS due to relapse to be determined on a 
case-by-case basis. 

08/31/15 Update Related Policies. Remove 8.01.39 as it was archived. 

11/10/15 Interim Update. Policy statements clarified in application to those 18 years and older. 
Policy section updated to types of TMS which are considered medically necessary 
(standard repetitive transcranial magnetic stimulation and deep transcranial magnetic 
stimulation only) versus investigational (all other types). 

04/01/16 Annual Review, approved March 8, 2016. Policy updated with literature review; several 
references added. NICE recommendations updated. Clinical Trials section added. No 
change to the policy statement.  

10/01/16 Interim Update, approved September 16, 2016 Updated Types of TMS and coding 
section. 

09/01/17 Annual Review, approved August 22, 2017. Policy moved to new format. No changes 
to policy statement, minor grammatical updates. 

10/01/17 Interim Review, approved September 21, 2017. Clarifications added that medical 
necessity is determined case-by-case for more than the indicated number of sessions 
with either treatment planning, cortical mapping, and initial motor threshold 
determination (CPT code 90867), or with motor threshold re-determination (CPT code 
90869). Also added that an abbreviated repeat course of TMS is also known as a “mini-
intensive.”   

12/01/18 Annual Review, approved November 21, 2018. No changes to policy statement. 

11/01/19 Annual Review, approved October 4, 2019. Literature review through September 2019, 
no changes to policy statements. 

11/01/20 Annual Review, approved October 22, 2020. No changes to policy statements. 

11/01/21 Annual Review, approved October 5, 2021. No changes to policy statements. 

11/01/22 Annual Review, approved October 11, 2022. Policy changes will be effective Feb. 3, 
2023 following 90-day provider notification. Major update, including: theta burst 
stimulation is medically necessary for the treatment of Major Depressive Disorder 
when medical necessity criteria are met; TMS is medically necessary for the treatment 
of Major Depressive Disorder in adolescents 15 years old and older when medical 
necessity criteria are met; reduction in the number of required failed medication trials 
for Major Depressive Disorder from four to three; increase in the number of required 
failed medication trials for bipolar disorder from two to three due to additional 
medication options for bipolar depression; standard/conventional TMS and deep TMS 
are medically necessary for the treatment of Obsessive-Compulsive Disorder when 
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Date Comments 
medical necessity criteria are met; additional contraindications of a history of repetitive 
or severe head trauma/traumatic brain injury and a history of or presence of a brain 
tumor (due to creating increased risk of seizures with TMS); more detailed specification 
of the types and numbers of treatment sessions that constitute a course of TMS; 
criteria for extended intensive courses of TMS, extended tapers, accelerated intensive 
TMS, maintenance TMS, repeat full intensive courses, and brief (aka mini or booster 
courses; investigational or not medically necessary status for consecutive or 
overlapping courses of TMS for different conditions, TMS with more than one provider 
at the same time, TMS in conjunction with Spravato or ketamine or any other 
psychedelic drug, TMS in conjunction with other neuromodulation techniques, and 
TMS as an augmenting intervention; miscellaneous additional clarifying information for 
the medical necessity criteria for the disorders for which TMS can be considered 
medically necessary; 2022 Update; 45 additional references. Policy reformatted for 
improved clarity. Changed the wording from "patient" to "individual" throughout the 
policy for standardization. 

05/01/23 Interim Review, approved April 11, 2023. Clarification added that a seizure history is 
not a contraindication if seizures were due to adverse drug side effects or interactions. 
Added a contraindication of documentation that any type of medical clearance (e.g., 
cardiac) is needed, until such clearance is obtained. For accelerated TMS, added 
clarification that daily treatment is a hardship for an extended period of time,and 
added two additional examples: the individual is relocating prior to when a standard 
protocol would be completed, or the individual’s schedule will cause a break in 
treatment of a week or longer prior to when a standard protocol would be completed. 
Added criteria for continuation of TMS that was started under a non-Company plan. 

01/01/24 Annual Review, approved December 12, 2023, effective for dates of service on or after 
April 4, 2024, following 90-day provider notification.. Added critereia that (1) 
maintenance TMS is considered not medically necessary if the preceding course of 
intensive TMS was determined to be not medically necessary; (2) a repeat full intensive 
course of TMS is considered not medically necessary if the preceding full intensive 
course of TMS was determined to be not medically necessary; and (3) a short or brief 
intensive course of TMS is considered not medically necessary if the preceding course 
of intensive TMS or maintenance TMS was determined to be not medically necessary. 
References validated. 

07/01/24 Annual Review, approved June 11, 2024. Added accelerated, repetitive high-dose 
functional connectivity MRI-guided theta-burst stimulation including functional MRI 
personalized target development and including neuronavigation as additional 
alternate terminology for the SNT/SAINT protocol. Modified the contraindication of a 
history of or presence of a brain tumor, to presence of a brain tumor, or a history of a 
brain tumor with no documentation that a neurologist or neurosurgeon has evaluated 
the individual and determined that the individual can safely undergo TMS. Modified 
the contraindication of a history of repetitive or severe head trauma/traumatic brain 
injury, to a history of repetitive or severe head trauma/traumatic brain injury with no 
documentation that a neurologist or neurosurgeon has evaluated the individual and 



Page | 59 of 60  ∞ 

Date Comments 
determined that the individual can safely undergo TMS. Added the contraindication of 
an unspecified brain lesion with no documentation that a neurologist or neurosurgeon 
has evaluated the individual and determined that the individual can safely undergo 
TMS. 

08/01/24 Interim Review, approved July 9, 2024. Minor verbiage corrections. Added verbiage 
and moved criteria in order to clarify which criteria apply to first courses of TMS vs. 
which criteria apply to repeat or subsequent courses. Removed the requirement that 
all qualifying medication trials must be monotherapy. Clarified that contraindications 
apply to a full intensive course of TMS, a repeat full intensive course of TMS, a short or 
brief intensive course of TMS, and maintenance TMS. Clarified that the criteria for an 
extended intensive course of TMS apply to both full and short (aka brief or booster or 
mini) courses of TMS.  Modified the criteria for an extended intensive course of TMS to 
remove a redundancy. Modified the criteria for TMS in conjunction with other 
neuromodulation modalities to indicate that TMS may be considered medically 
necessary in conjunction with vagus nerve stimulation specifically when being 
continued as maintenance TMS, if TMS has been partially but inadequately effective, to 
prevent regression during the time between VNS implantation and VNS becoming 
effective. Removed the stipulation that addition of a second antidepressant to an 
antidepressant trial is considered to be addition of an augmenting agent, not a 
separate antidepressant trial. 

09/01/24 Interim Review, approved August 12, 2024. Clarified that contraindications for non-
removable conductive, ferromagnetic, or other magnetic-sensitive metals do not 
include vagus nerve stimulation under conditions noted in the section “TMS in 
conjunction with other neuromodulation modalities.” Clarified that contraindications 
for other implanted stimulators controlled by or that use electrical or magnetic signals 
do not include vagus nerve stimulation under conditions noted in the section “TMS in 
conjunction with other neuromodulation modalities.” Deleted the contraindication for 
vagus nerve stimulator leads in the carotid sheath. 

10/01/24 Interim Review, approved September 9, 2024. Added seizures that were due to 
substance (alcohol or drug) withdrawal and the individual is abstinent from the 
substance(s) as a reason that a seizure history would not be a contraindication to TMS. 

11/01/24 Interim Review, approved October 21, 2024. Deleted “Substance use disorder unless in 
early or sustained remission” as a contraindication. 

06/01/25 Annual Review, approved May 26, 2025. Added a criterion for resumption of 
maintenance TMS treatment when previous maintenance TMS treatment had been 
stopped. Added clarification in the Additional Information section that for Obsessive-
Compulsive Disorder, documentation of symptoms and their severity or score on a 
standardized rating scale, standardized rating scale scores of extreme are considered 
to be equivalent to severe. Moved CPT codes 0889T-0892T to this policy from policy 
10.01.533 to match criteria. 

 



Page | 60 of 60  ∞ 

Disclaimer: This medical policy is a guide in evaluating the medical necessity of a particular service or treatment. The 
Company adopts policies after careful review of published peer-reviewed scientific literature, national guidelines and 
local standards of practice. Since medical technology is constantly changing, the Company reserves the right to review 
and update policies as appropriate. Member contracts differ in their benefits. Always consult the member benefit 
booklet or contact a member service representative to determine coverage for a specific medical service or supply. 
CPT codes, descriptions and materials are copyrighted by the American Medical Association (AMA). ©2025 Premera 
All Rights Reserved. 

Scope: Medical policies are systematically developed guidelines that serve as a resource for Company staff when 
determining coverage for specific medical procedures, drugs or devices. Coverage for medical services is subject to 
the limits and conditions of the member benefit plan. Members and their providers should consult the member 
benefit booklet or contact a customer service representative to determine whether there are any benefit limitations 
applicable to this service or supply. This medical policy does not apply to Medicare Advantage. 
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