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Lessons Learned at the Interface  
of Medicine and Psychiatry
The Psychiatric Consultation Service at Massachusetts 
General Hospital sees medical and surgical inpatients with 
comorbid psychiatric symptoms and conditions. During their 
twice-weekly rounds, Dr Stern and other members of the 
Consultation Service discuss diagnosis and management 
of hospitalized patients with complex medical or surgical 
problems who also demonstrate psychiatric symptoms or 
conditions. These discussions have given rise to rounds 
reports that will prove useful for clinicians practicing at the 
interface of medicine and psychiatry.
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Have you ever wondered what transcranial magnetic 
stimulation (TMS) is and when it is indicated? 
Have you been uncertain about whether it is 

safe and as effective (or more effective) than other 
treatments for mood disorders? Have you been curious 
about the absolute and relative contraindications for 
administration of TMS? If you have, the following 
case vignette and discussion should prove useful.

CASE VIGNETTE

Ms M, a 45-year-old woman with a history of 
recurrent major depressive disorder (MDD) without 
psychotic features, posttraumatic stress disorder (PTSD), 
3 psychiatric hospitalizations, and 1 suicide attempt, 
but no significant medical history, was referred by the 
inpatient psychiatric service for a consultation on the 
use of transcranial magnetic stimulation (TMS) in the 
context of worsening depression and suicidal ideation. 
Prior to her current psychiatric hospitalization, Ms M 
accumulated medications for a premeditated plan for 
suicide; fortunately, before checking into a hotel room 

to carry out her plan, she aborted the suicide attempt 
and reached out to her psychiatrist for assistance.

Sadly, Ms M’s young daughter passed away 
5 years ago due to a rare disease. Since then, 
Ms M struggled with symptoms of depression 
around the anniversary of her child’s death.

Ms M had failed more than 4 antidepressant 
medication trials (with augmentation strategies) 
as well as a course of cognitive-behavioral therapy 
(CBT). Although electroconvulsive therapy (ECT) was 
recommended by the inpatient psychiatry team, Ms 
M declined; however, she was open to having a TMS 
consultation. Ms M’s depression was confirmed by 
validated questionnaires. Ms M had no contraindications 
to undergoing TMS, ie, she had no history of seizures 
and had no brain stimulators, pacemakers, or other 
ferromagnetic foreign bodies implanted in her body.

The TMS procedure was reviewed with Ms M, and 
the benefits and potential risks of the treatment were 
discussed with her (including the risk of seizures, 
headaches, scalp sensitivity, spasms of the facial muscles, 
lightheadedness, and hearing loss due to the noise of the 
treatment). Ms M understood and accepted those risks.

DISCUSSION

What Is TMS?
Transcranial magnetic stimulation is a noninvasive 

neurotherapeutic procedure that utilizes a strong 
electromagnetic field to change brain activity in a 
targeted fashion to treat psychiatric illnesses.1,2 The TMS 
magnetic device is designed to deliver electromagnetic 
pulses that traverse the scalp and skull to either diffusely 
or focally change the brain’s neuronal activity. While 
single-pulse stimulation is being used for obtaining the 
proper dosage, the treatment utilizes repetitive TMS 
(rTMS), in which hundreds of pulses are delivered 
at various frequencies over time. Therapeutic TMS 
is a nonpharmacologic and generally well-tolerated 
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treatment; its risks are mitigated through safety and 
dosing protocols. No anesthesia is required, and patients 
can drive themselves to and from the treatment center.

What Does the Administration  
of TMS Entail?

The initial evaluation often involves a consultation 
with a psychiatrist or neuropsychiatrist who takes a 
comprehensive history (including a history of medication 
trials [with their duration, dosing, and timing]) and reviews 
relevant data. In addition, the consultant reviews the 
indication for therapeutic TMS and discusses its side effects 
and contraindications. Treatment logistics of TMS (eg, 
transportation, leave accommodations) are also reviewed, 
as patients are expected to present to the TMS center daily 
for treatment for several weeks. Currently, most insurance 
companies require at least 4 failed antidepressant 
trials (from drugs in at least 2 different pharmacologic 
categories) as well as a course of CBT before approving 
coverage of TMS, although TMS can sometimes be 
clinically indicated earlier. There are occasional insurances 
that approve TMS after 2 failed antidepressant trials.

What Is Therapeutic TMS Used For?
Multiple devices and approaches have been used 

to treat a variety of neuropsychiatric conditions, 
including treatment-resistant depression (TRD), anxious 
depression (deep TMS), obsessive-compulsive disorder 
(OCD), nicotine use disorder (for smoking cessation 
with deep TMS), and migraine headache (using single-
pulse TMS). Practitioners often use TMS as an off-label, 
adjunctive treatment for generalized anxiety disorder 
and PTSD when it is comorbid with TRD. In addition, 
recent investigations of substance use disorders with 
cravings for opioids and alcohol have been encouraging. 
Currently, the US Food and Drug Administration (FDA) 
has approved therapeutic TMS as a treatment for MDD, 
OCD, migraine headache, and smoking cessation; efforts 
are underway to expand its indications (Table 1).3–8

How Does TMS Work?
Psychiatric illnesses are thought to arise from 

dysfunction of neurocircuits (functionally and 
structurally connected pathways that represent and 
generate mental and body functions).9 For nearly 40 
years, investigators have been optimizing noninvasive 
TMS neuromodulation (ie, TMS magnetic pulses that 
can be delivered in multiple frequencies and patterns) 
to help reverse neuropsychiatric disease states.

Currently, common targets for TMS in the 
treatment of TRD include the left dorsolateral 
prefrontal cortex (DLPFC) and the right DLPFC. 
Targets for OCD treatment include the dorsomedial 
prefrontal cortex (DMPFC) (Table 1). Other targets 
and protocols are under investigation and being 
used off-label. On occasion, when TRD is resistant 
to left DLPFC treatment, a right-side protocol 
can be added to create a bilateral treatment.10

Clinical Points
• Transcranial magnetic stimulation (TMS) is a 

safe, effective, and well-tolerated noninvasive 
neurotherapeutic procedure that utilizes a strong 
electromagnetic field to change brain activity in 
a targeted fashion to treat a variety of psychiatric 
illnesses.

• Currently, the US Food and Drug Administration has 
approved therapeutic TMS as a treatment for major 
depressive disorder, obsessive-compulsive disorder, 
migraine headache, and smoking cessation; efforts are 
underway to expand its indications.

• TMS may increase the risk of mild and transient 
headaches, discomfort, and pain at the stimulation 
site. Rare, but serious, adverse events include hearing 
loss, treatment-emergent mania, and the induction of 
seizures.

• The only absolute contraindication to TMS is the 
presence of metallic hardware that is in close contact 
with the discharging coil (eg, cochlear implants) due to 
the risk of triggering malfunctioning of such implanted 
devices. Relative contraindications include conditions 
in which there is an increased or uncertain risk of 
inducing an epileptic seizure and traumatic, vascular, 
tumoral, or infectious lesion of the brain. A history of 
intracranial ferromagnetic metal implants is typically 
exclusionary.

• TMS is usually administered in outpatient settings 5 
days a week for several weeks (usually 5–8 weeks). 
Most clinical protocols aim to complete 36 treatments. 
Treatments can be performed faster (with about 10 
treatments each day for 5 days) using an accelerated 
TMS protocol.

Table 1. 
US Food and Drug Administration– 
Cleared Transcranial Magnetic Stimulation  
(as of summer 2023): Indications, Devices,  
and Protocols
Illness Target Protocol Coil Type
TRD Left DLPFC 10 Hz or 

intermittent TBS
Figure of 8

TRD Left DLPFC 18 Hz H1 coil
Anxious depression Left DLPFC 18 Hz H1 coil
OCD DMPFC 20 Hz H7 coil
OCD DMPFC 20 Hz Figure of 8
Smoking cessation Bilateral insula and 

prefrontal cortex
10 Hz H4 coil

Migraine Occipital cortex Single pulse Single pulse

Abbreviations: DLPFC = dorsolateral prefrontal cortex, DMPFC = dorsomedial 
prefrontal cortex, OCD = obsessive-compulsive disorder, TBS = theta burst 
stimulation, TRD = treatment-resistant depression.
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Where Is TMS Administered?
TMS is usually administered in outpatient settings, 

although it can be administered in inpatient settings. When 
treatment is administered, the patient sits in a comfortable 
chair, and the practitioner places a magnetic coil on the 
primary motor cortex (located on the frontal lobe) to 
measure the “motor threshold” (MT). The practitioner 
then sends electromagnetic pulses into the brain until the 
contralateral hand begins to twitch. The amount of energy 
required to make the contralateral fingers twitch is the MT, 
which is different for everyone; moreover, the MT varies 
depending on use of medications and substances, as well 
as a patient’s sleep characteristics. It is worth mentioning 
that changes in these characteristics can lead to changes in 
the MT and risk a miscalibration of the patients’ cortical 
excitability, which subsequently can potentially lead 
to the risk of overdosing (seizures in an extreme form) 
or the risk of underdosing that can impact efficacy.

Once the MT is determined, the magnetic coil is 
positioned on the target. The patient then receives the 
treatment as a series of pulses that are applied to their head. 
Up to 120% of the resting MT is administered. The 
treatment does not involve use of any anesthesia or sedation, 
and the patient remains awake and alert during the 
treatment.

How Effective Is TMS?
TMS is a safe, effective, and well-tolerated noninvasive 

neuromodulation treatment for the management of MDD in 
adults. In a systematic review and meta-analysis of unilateral 
and bilateral TMS randomized sham-controlled trials 
conducted over the last 2 decades,11 the pooled remission 
and response rates for unilateral TMS were 16.0% and 
25.1% (as compared to 5.7% and 11.0% for sham treatment, 
respectively), while the pooled remission and response 
rates for bilateral TMS were 16.6% and 25.4% (as compared 
to 2.0% and 6.8% for sham treatment, respectively). The 
conclusion of the investigators11 was that TMS had a 
moderate antidepressant effect for the acute treatment 
of patients with unipolar TRD. Naturalistic, multicenter 
therapeutic TMS studies have generally shown higher 
response rates of 41%–56% and remission rates of 26%–
28% in real-world practice.12 An increase in the total number 
of sessions, pulses, and intensity, while maintaining safety, 
may have improved response rates in naturalistic studies.

Theta burst stimulation (TBS) is a TMS paradigm 
whereby pulses are applied in bursts of 3, at a frequency 
of 50 Hz, and with an inter-burst interval of 200 ms 
(5 Hz). The major advantage of TBS protocols over 
conventional TMS approaches is the reduced treatment 
time. Voigt and colleagues,13 based on meta-analysis 
and systematic review of 10 randomized controlled 
trials (RCTs) (N = 667), concluded that TBS is superior 
to sham treatment, and the response rates for TBS 
versus conventional TMS were not statistically different 
(RR = 1.02; 95% CI, 0.85–1.23; P = .80; I2 = 0%).

What Are the Side Effects of TMS?
The paucity of systemic side effects is the main 

advantage of therapeutic TMS as compared to more 
invasive treatments for the management of MDD. 
According to a systematic review and meta-analysis14 
that included 53 randomized sham-controlled 
trials (N = 3,273), there was no increased risk of 
dropout. The findings suggested that therapeutic 
TMS may significantly increase the risk of nonserious 
(predominantly mild and transient) adverse events 
including headaches, discomfort, and pain at the 
stimulation site.14 Rare but serious adverse events 
associated with TMS treatment include hearing loss, 
treatment-emergent mania (TEM), and the induction of 
seizures. Although a small proportion of patients have 
had a transient reduction in hearing after TMS, and a 
permanent decrease in hearing has been observed in 
one individual who did not wear hearing protection 
while being treated with an H-coil, most studies 
found that no change in hearing was apparent after 
TMS when hearing protection devices were used.2,15 
Therefore, approved hearing protection should be 
used, and prompt referral provided for the auditory 
assessment of all individuals who complain of hearing 
loss, tinnitus, or aural fullness during TMS.15

According to a review of 10 RCTs,16 the pooled rate 
of TEM was 0.84% for the active TMS treatment group 
compared to 0.73% for the sham group (not statistically 
significant), with TEM more commonly diagnosed in 
those with a history of bipolar disorder. In a study17 that 
examined the seizure rates across various TMS devices 
in naturalistic clinical settings, members of the Clinical 
TMS Society were surveyed about seizures in their 
practices. Among 134 members who responded, a total 
of 18 seizures were reported after 586,656 TMS sessions 
in 25,526 patients across all device manufacturers. The 
overall seizure rate was 0.31 (95% CI, 0.18–0.48) per 
10,000 sessions and 0.71 (95% CI, 0.42–1.11) per 1,000 
patients. However, the H-coil seizure rate of 5.56 per 
1,000 patients (95% CI, 2.77–9.95) was significantly 
higher (P < .001) than a combined seizure rate of 0.14 
per 1,000 patients (95% CI, 0.01–0.51) in figure-8 
coil devices.17 The risk of having a seizure depends 
on the frequency, intensity, and interval between 2 
trains of TMS, with a higher risk in those who are sleep 
deprived, who use alcohol or proconvulsant medications, 
or who have preexisting neurological disorders. 
Therefore, the potential of seizure induction with 
TMS requires that careful attention be paid to patient 
selection and preparedness for this adverse event.15

Who Should Not Receive TMS?
The presence of ferromagnetic hardware that is in 

close contact with the discharging coil (eg, cochlear 
implants) is the only absolute contraindication to TMS 
due to the risk of triggering malfunctioning of such 
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implanted devices. Relative contraindications include 
conditions in which there is an increased or uncertain 
risk of inducing an epileptic seizure (such as a personal 
history of epilepsy) and traumatic, vascular, tumoral, or 
infectious lesion of the brain. A history of intracranial 
ferromagnetic metal implants is typically exclusionary.2,15 
Therefore, a standard safety screening questionnaire 
should be used for all patients who are seeking TMS to 
determine the risk:benefit ratio of this procedure.2,15

When Should Other Treatments Be 
Selected?

It is important for clinicians to understand the 
comparative efficacy of TMS and other treatments 
to decide on the best next-step interventions for the 
management of TRD. Ren and colleagues18 examined 9 
RCTs that directly compared TMS and ECT for MDD (N 
= 425). They reported that ECT was superior to high-
frequency TMS in terms of response (64.4% vs 48.7%, 
RR = 1.41, P = .03) and remission (52.9% vs. 33.6%, 
RR = 1.38, P = .006), while discontinuation rates were 
similar between the 2 treatments (8.3% vs 9.4%, RR = 
1.11, P = .80). Both TMS and ECT were reasonably well-
tolerated; however, specific cognitive domains (such as 
visual memory and verbal fluency) were more impaired 
in patients who received ECT. Furthermore, ECT was 
superior in those with psychotic depression, while (high 
frequency) TMS was as effective as ECT in patients with 
nonpsychotic depression.18 Therefore, TMS is an effective 
option for management of nonpsychotic depression; 
however, ECT should take precedence in the management 
of patients with MDD and psychosis, catatonic features, 
or active thoughts of suicide due to its superior efficacy.

To date, there have been no head-to-head published 
studies in patients with MDD that have compared TMS 
with medication strategies (including augmentation 
or switching). The ASCERTAIN TRD study, which is 
currently underway in 10 university hospitals across 
the United States, aims to compare the outcomes of 
treatment interventions, including TMS, augmentation 
with atypical antipsychotic (aripiprazole), and 
switching to another antidepressant (venlafaxine) 
for management of patients with TRD who have not 
responded to 2 adequate antidepressant trials. Similarly, 
no comparative studies have been conducted regarding 
the use of TMS and ketamine in the management of 
TRD. In a retrospective naturalistic study, Mikellides 
and colleagues19 compared the acute antidepressant 
efficacy of intramuscular (IM) ketamine and TMS for 
the management of TRD (N = 24). Twelve patients 
received IM ketamine (twice weekly for 8 sessions), 
and 12 patients received 30 sessions of intermittent 
TBS at the left DLPFC. The authors19 reported that 
both treatments were equally effective regarding 
pre- to post-depressive and anxiety symptoms.

More research with larger sample sizes is needed 

to compare the effects of TMS and ketamine and to 
establish a more effective intervention if medication 
strategies alone are ineffective for management of TRD. 
There is also a paucity of evidence comparing TMS and 
vagus nerve stimulation (VNS) for the management of 
TRD; however, for acute treatment, TMS is preferred, 
as VNS is invasive and has been shown to be effective 
for long-term management of TRD. Finally, deep brain 
stimulation (DBS), which remains experimental for the 
management of TRD, is thought of as the treatment 
of “last resort,” and it should be considered only 
after the conventional treatments and noninvasive 
neuromodulation have been tried and failed.

What Is the Efficacy of Accelerated TMS?
Accelerated TMS treatment consists of ≥ 2 TMS 

treatments conducted daily over the course of several 
days or weeks.20 While many accelerated TMS schedules 
have been used in research studies, currently only SNT 
(Stanford neuromodulation therapy) accelerated TMS 
neuromodulation has been approved by the FDA. The SNT 
protocol consists of 10 daily intermittent TBS treatments 
over 5 days, using specialized neuronavigational 
equipment to deliver the treatment to a functional 
magnetic resonance imaging (fMRI)–derived cortical 
target in the left DLPFC.21 Treatments are delivered with a 
50-minute interval between treatments. The SNT protocol 
may be associated with an accelerated treatment response 
as compared to once-daily treatment, since it is completed 
during a shorter period (5 days vs 4–8 weeks). In the open-
label SNT protocol trial (21 participants), 86.4% of patients 
met criteria for remission by the end of the acute course, 
and in the RCT SNT (29 participants: active [N = 14], 
sham [N = 15]), 78.6% of patients in the active group met 
remission criteria in 1 of the 5 follow-up assessments 
across 4 weeks.21,22 While the results of the SNT studies are 
encouraging, the limited number of participants should 
be considered in the interpretation of the results. A recent 
review of 23 depression studies in which accelerated TMS 
was used found an average response rate and remission 
rate of 42.4% and 28.4%, respectively.20 Better outcomes 
were associated with delivery of more treatment sessions 
per day, a higher number of pulses, and a higher number 
of sessions. More research is needed to determine the 
efficacy and durability of accelerated TMS protocols.

Does Extension of an Acute Course of TMS 
Treatment Work in Nonresponders?

A standard course of TMS treatment consists of 
36 treatments delivered 5 days per week for 6 weeks, 
followed by a taper or maintenance period during 
which treatments are given 1–3 times per week for a 
few weeks.12,23 This treatment schedule was established 
by clinical trials that used specific endpoints, and not 
by dose response studies that determined the optimal 
number of treatments. One retrospective naturalistic 
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study found that by extending the acute course up to 
72 treatments in patients not meeting response criteria 
by session 36, the response and remission rates were 
53.6% and 32.1%, respectively.24 A larger multisite 
observational study25 that used registry data from more 
than 7,000 patients (738 with > 36 treatments) found that 
depression severity scores significantly improved with 
an extended course. When comparing outcomes from 
session 36 to the endpoint (median number of sessions = 
41), response rates increased from 48.9% to 59.9%, and 
remission rates increased from 20.3% to 27.2%.25 Thus, 
evidence suggests that subgroups of patients may follow 
different response trajectories and that longer treatment 
courses likely lead to superior clinical outcomes.

How Long Does the Benefit of TMS Last?
TMS is usually administered 5 days a week for 

several weeks (usually 5–8 weeks). The treatment 
length varies based on the protocol used, the 
clinical response, and availability of the patient to 
receive the treatment. Most clinical protocols aim at 
completion of 36 treatments. The treatment could 
be performed faster (with about 10 treatments each 
day for 5 days) using the accelerated protocol.

The durability of the TMS treatment response is an 
important consideration when advising patients about the 
long-term prognosis, response preservation strategies, 
and re-treatment outcomes. The largest multisite 
naturalistic, observational study that evaluated TMS 
response durability monitored 120 acute TMS treatment 
responders and remitters for 12 months following their 
acute treatment.26 Nearly two-thirds (62.5%) of patients 
had a sustained response during the observation period 
and showed better durability outcomes in those who 
benefited the most from the acute treatment. The study26 
concluded that the clinical benefits of TMS last for at least 
1 year. Almost half (49.2%) of the TMS responders and 
remitters received at least 1 TMS treatment during the 
observational period, making it difficult to determine the 
role that additional TMS treatments had on the results. 
To address the question of how additional TMS sessions 
following the acute course affected response durability, a 
meta-analysis27 of 18 TMS durability studies (involving 
732 patients) compared the response durability in studies 
that did and did not use additional TMS treatments to 
preserve treatment response (preservation TMS). Overall, 
the combined sustained response rates at 3 months, 6 
months, and 12 months following acute treatment were 
66.5%, 52.9%, and 46.3%, respectively. Significantly 
higher sustained response rates were observed in 
studies that used planned or symptom-triggered 
preservation TMS strategies compared to studies without 
preservation TMS (n = 8) at the 3-month (76.2% vs 56.1%, 
respectively) and 6-month (61.1% vs 38.5%) follow-
up time points. These results suggest that preservation 
TMS strategies may improve TMS response durability.

While evidence suggests that preservation TMS 
improves response durability, many different preservation 
TMS strategies have been reported; however, consensus 
recommendations to guide physicians on when and how to 
use preservation TMS are lacking. Proactive preservation 
TMS approaches employ regularly scheduled treatments 
following the acute course to avoid symptom exacerbation, 
while reactive approaches withhold additional treatments 
until a predefined symptom threshold has been crossed.28 
The number of and interval between treatments also 
vary among preservation approaches. Some studies have 
delivered 1 treatment at fixed or gradually increasing 
intervals,29,30 while other studies31,32 have used a clustered 
treatment strategy whereby several treatments are given 
over a few days (eg, 5 treatments over 2 to 3 days) with 
fixed or progressively longer intervals between treatments. 
It should be noted that the majority of preservation 
data comes from uncontrolled studies. More research 
is needed to determine the optimal preservation TMS 
strategy. Despite the lack of consensus guidelines, 
preservation TMS is commonly used in clinical practice, 
although it is not widely covered by insurance plans.

Is the Cost of TMS Covered By All 
Insurance Plans?

Most insurance companies cover TMS that is used 
for MDD if other criteria are met. An increasing number 
of insurance companies cover TMS for OCD. Insurance 
practices in different states have different policies; 
therefore, authorization for the treatment should be 
obtained locally. Many TMS centers seek authorization 
from the patient’s insurance company before starting 
the treatment. During the initial consultation, the 
TMS team should assess whether the criteria for 
coverage are being met; if so, they will typically apply 
to the insurance company for prior authorization.

What Happened to Ms M?
Ms M completed a course of 36 TMS treatments 

over the left DLPFC. She received part of her treatment 
course while she was still on the inpatient service and 
then received the remainder after hospital discharge. 
She reported feeling much better after receiving TMS 
(ie, her negative thoughts, mood, energy, and motivation 
improved significantly). Her score on the 16-item Quick 
Inventory of Depressive Symptomatology33 improved 
from 30 to 3, and her score on the Patient Health 
Questionnaire34 improved from 25 to 2, indicating that 
her depression had remitted. In addition, Ms M had no 
significant side effects from the treatment. Although 
TMS is generally considered to be a relatively durable 
treatment, a follow-up appointment was scheduled 
before the next anniversary of her child’s death so 
that another course of TMS could be considered.
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