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Clinician-Scientist
• Treats patients with various
psychiatric disorders
• Conducts research focused on
understanding and improving
therapeutic interventions
NINET Lab
• Investigates and advances the use of
NINETs to treat psychiatric disorders
• Facilitates numerous clinical trials, research
studies, and a treatment clinic

• Electric coils deliver brief and focal magnetic
pulses that stimulate neurons in the
dorsolateral prefrontal cortex (DLPFC)
• Treatment for major depressive disorder
• Changes the neuron firing patterns of brain
circuits involved in depression [3] Figure 1: A)

Uncertainty in TMS DLPFC Identification

ECT Patient Side Effects
• Observation: before ECT, patients reported
that they have had many negative side
effects since the last treatment
• Problem: ECT stimulates the whole brain,
rather than a small focal area, leaving
patients with many unwanted side effects
• Potential Solution: induce therapeutic
seizures focally using MST [7], as magnetic,
versus electrical, pulses can target specific
brain areas and reduce cognitive side
effects

Role of Engineering in NINET
1. Treatment: Neurostimulation
• Electrical & magnetic devices are used to
activate brain regions with electric current
• Repeated current induces anatomical and
functional changes to brain circuitry [1]
• Electroconvulsive Therapy (ECT)
• Transcranial Magnetic Stimulation (TMS)
• Magnetic Seizure Therapy (MST)
2. Monitoring: Electrophysiological Recordings
• Electroencephalography (EEG) measures the
electrical activity in the brain
3. Simulations: Software Modelling
• SimNIBS is used to create patient brain
models and run treatment simulations [2]

Schematic
of the coil
and brain.
B) The TMS
device in the
NINET lab.

TMS Modeling & Simulations: SimNIBs
• SimNIBs software quantifies the electric field
distribution given specific subject’s brain, coil
size, location, and pulse magnitude/frequency

Figure 2: SimNIBS uses anatomical MRI scans of the patient
(A) to create a brain model (B) that can be used to simulate
electric field distributions in TMS (C). [2]

ECT
• Induces a therapeutic seizure by delivering an
electric current to the brain through electrodes
• Creates changes in the brain’s chemistry
• Lots of side effects as it is not focalized [4]

Shadowing Experience
TMS

Seizure Therapy

Discussions

4 hours

3 hours

1 hour

Treatment
Observation
Software
Modelling

ECT

MST

Technology
Advances
Current
Challenges

Figure 3: A) The ECT machine in the NINET lab. B) The
EEG recording as the brain stops the seizure.

MST
• Form of convulsive therapy
that uses TMS technology
(pulsating magnetic field)
at a higher magnitude to
induce a seizure [4]

Figure 4: The MST
device in the clinic.

• Observation: the TMS provider could not
identify the DLPFC, a functional region, on the
patient’s brain with certainty and ease
• Problem: localization of the DLPFC is difficult
due to lack of visibility and individual variability
in brain functional anatomy. Inaccurate and
inconsistent identification of the DLPFC greatly
compromises clinical efficacy [5]
• Potential Solution: using neuronavigation
guided by subject fMRI scans and electric field
modeling to identify the DLPFC accurately and
quickly [6]

Engineering Challenge 4
Figure 5: An
example of a
neuronavigation
system
using
subject-specific
MRI scans to
identify
the
location of the
DLPFC
and
where to place
the coil. [6]

Engineering Challenge 2
Difficulty Placing the TMS Coil Accurately
• Observation: the treatment provider struggled to
efficiently and accurately place the TMS coil on
the target brain location
• Problem: the coil is heavy,
difficult to move with
precision, and does not
adjust with subject head
movements. This creates
a stressful and timeFigure
6:
The
consuming set-up process
NINET lab TMS coil
for the treatment
• Potential Solution: a robotic TMS arm that holds
the coil in the specified position and uses
sensors to adjust when the subject moves [6].
This may increase physician ease-of-use and
productivity

TMS Patient Burden
• Observation: patients must travel to the
clinic 5 days a week for 30 days for TMS
• Problem: TMS requires high frequency
doses of in-person treatments. This is
inconvenient and may not be possible for
patients who work full-time or face
transportation challenges
• Potential Solutions:
• At-home stimulation
devices [8]
• Accelerated TMS [9] Figure 7: An at-home
brain stimulation device.
• Nothing (?)
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