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OVERVIEW
TMS is generally a safe and well-tolerated procedure

• Seizures, often considered the most serious risk, are very rare!

• Side effects are generally quite manageable

• BUT investigators should be prepared to manage the common and
uncommon side effects

• Safety considerations in special populations and with devices
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KEY PAPER
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NOT JUST ADVERSE EFFECTS
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BUT THOSE TOO!
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ADVERSE EFFECTS OF TMS
Potential TMS adverse effects include

• Seizures
• Syncope & presyncope
• Hearing changes (Tinnitus, hearing loss)
• Headaches; neck, scalp and dental pain
• Cognitive changes
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SEIZURES AND TMS
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SEIZURE DETAILS
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SEIZURES ARE RARE!
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SOME NOTABLE FACTS
• Majority of seizures (62%) occurred on first exposure to TMS

• With the exception of patients with epilepsy, risk of seizures is very low 
even in otherwise “high-risk populations”

• 19 seizures in 57,185 sessions = 0.33/1000

• At least 8 of these 19 seizures occurred in patients with known epilepsy

• Seizure risk in patients with epilepsy is higher 
• Between 1.4% (Bae et al, 2007) and 2.9% (Pereira et al, 2016)

• Seizure risk may be higher using H-coil device
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WHAT ABOUT WITH CLINICAL RTMS?
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SEIZURES AND CLINICAL RTMS
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SO WHAT CAN WE CONCLUDE?

BUT you still need to be prepared!
PLE

ASE D
O N

OT C
OPY



WHAT ABOUT OTHER ADVERSE EFFECTS?
Syncope (Fainting) and presyncope

• True incidence is unknown, but several cases reported. Likely underreported 
as not as “serious” as seizure

• In study by Lerner et al, 29/174 responding facilities (17%) reported 
experiencing cases (often multiple) of syncope (much more than seizures)

• Risk factors can include orthostasis, prior history of syncope (including in 
response to blood draws), history of cardiac issues etc. 

• Features suggesting syncopal origin included preceding presyncope / 
lightheadedness, diaphoresis, nausea; and very short post-event confusion 

• Be aware of convulsive syncope as a differential for seizures!
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HEARING CHANGES
• TMS is louder than it sounds!

• Noise level of a single pulse has been reported to be between 125-140 dB!
(Koponen 2020, Kukke 2017), but hard to measure using standard sound
meters because pulse is so short

• rTMS may be 95-115 dB (Koponen 2020), well above OSHA safety limits

• Permanent hearing threshold changes reported in one participant whose
ear plug slipped out of one ear (Zangen 2005)

• Hearing protection critical (e.g. using 32dB noise-reducing earplugs)
• No changes in hearing sensitivity after TMS when used (Pascual-Leone 1992,

O’Reardon 2007)

• TMS technicians should wear earplugs too!

• Individuals with cochlear implants should NOT undergo TMSPLE
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HEADACHES AND MUSCULOSKELETAL PAIN
• The most common TMS side effect

• Studies in RCTs that systematically capture side effects have reported rates
between 28% (Loo 2008) and 65% (Blumberger 2018), much higher than
with sham stimulation (typically 10-20%)

• TMS stimulation itself can be painful, particularly to naïve patients
• Musculoskeletal and pain side effects vary greatly depending on location

and orientation of stimulation (e.g. DLPFC >> M1)
• With DLPFC, can get repetitive blinking, eye pain
• In posterior regions, can get neck muscle and jaw activation

• Headaches typically respond well to OTC analgesics
• Local painfulness of prefrontal rTMS declines over first few days of

treatment (Janicak 2008, Anderson 2009)PLE
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COGNITIVE CHANGES
• In patients undergoing experimental single-session studies, transient cognitive 

changes lasting only a few minutes typically reported

• Following rTMS course for TRD, no clear cognitive gains or cognitive side effects 
in systematic reviews (McClintock 2019, Iimori 2019)

• Possible “trends toward improvement in the neurocognitive profile” in patients 
undergoing rTMS for TRD (Serafina 2015) 

• May have some improvement in performance with the Trail Making Test (Martin 
2017)

• Patients with baseline cognitive dysfunction may have improvements in verbal 
memory associated with improvements in affective symptoms (Gregory 2022)

• Some patients can report transient lightheadedness / “brain fog” immediately 
at the end of a session, which improves within minutesPLE
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TASK PERFORMANCE CHANGES WITH RTMS

Serafina 2015PLE
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PREGNANCY
• No meaningful / physiologically relevant electric field at the level of 

the developing fetus (Yanamalda 2017)
• TMS has been used for treatment of depression during pregnancy, 

with no significant side effects
• Children born to mothers treated during pregnancy with rTMS for 

depression did not have increased perinatal complications or 
cognitive/motor developmental abnormalities (Kim 2019)

• Main risk is risk of maternal seizure (which is very low)
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PEDIATRICS
• Zewdie 2020: Reviewed data from 384 children who received > 3.5 million 

stimulations at a single center (U of Calgary, Canada)
• Included >500k stimulations with single- and paired-pulse TMS, and ~3 

million stimulations with rTMS

• No seizures (despite 221 participants having brain injuries or epilepsy)

• Reported side effects to rTMS include HA (<17%), neck pain (<30%), tingling 
(<25%), presyncope / lightheadedness (<30%), and nausea (10%)

• Hong 2015: No major adverse effects in 76 children receiving TBS 
• HA 6.6%, tingling 2.6%

• Hearing protection again recommended, but no documented hearing changes
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SEIZURES DURING TMS MAPPING

• TMS motor or language mapping carried out in 500 sessions (410 
pediatric, 90 adult) in 429 patients. 399 sessions were in patients 
with dx of epilepsy 

• 29 seizures occurred, 28 of which were in patients with epilepsy. 
Remaining 1 seizure occurred in patient with brain tumor

• Most common adverse event was transient pain at stimulation sitePLE
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“SAFETY TABLES”
Rossi 2009
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BUT REMOVED IN 2021!
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WHAT ABOUT OTHER DEVICES
MRI
• Conventional TMS coils and systems are NOT MRI-

compatible
• Special MRI-compatible coils are available, restricted 

to 3T or less scanners
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IMPLANTED DEVICES
• TMS pulses delivered >10 cm from implanted pulse 

generator (IPG) have minimal effective electric field
• Kuhn 2004: TMS at 2-10 cm from IPG caused malfunction. TMS < 

2cm caused permanent damage
• Considered safe in patients with pacemakers, ICDs
• We delivered rTMS in patient with ventricular assist device 

without any complications

• TMS is safe in patients with Vagal Nerve Stimulation (VNS) 
devices providing stimulation is not applied to the neck
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INTRACRANIAL IMPLANTS
• TMS causes minimal heating / displacement of titanium 

plates / rods / clips
• TMS is NOT safe in patients with cochlear implants
• In patients with DBS, TMS may be not safe if

• < 10 cm from IPG
• OR TMS is close to lead, there are loops in the electrode wires 

under the coil, and high TMS pulses are used (Phielipp 2017)
• Recent work suggests that TMS may be safe in patients with 

implanted stereotactic EEG electrodes for epilepsy 
monitoring (Wang 2022 Bioarxiv)
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SUMMARY
• TMS is generally safe and very well-tolerated
• The most common side effects are musculoskeletal 

pain and headache
• Seizures are very rare outside of patients with 

epilepsy
• TMS can be performed in patients with implanted 

devices, provided safety guidelines are adhered to
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