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Bidirectional deep brain stimulation

Bidirectional deep brain stimulation (DBS) is an advanced neurostimulation technique that involves
not only delivering electrical impulses to specific brain regions but also simultaneously recording
neural activity from those regions. This approach allows for more precise and adaptable
neuromodulation and has the potential to improve the therapeutic outcomes of DBS. Here are some
key points about bidirectional DBS:

Traditional DBS: In traditional DBS, electrical pulses are delivered to specific brain regions to treat
neurological and psychiatric conditions such as Parkinson's disease, essential tremor, and obsessive-
compulsive disorder. These electrical stimulations can alleviate symptoms by modulating abnormal
neural activity.

Bidirectional DBS: Bidirectional DBS goes beyond traditional DBS by incorporating neural sensing
capabilities. This means that in addition to delivering electrical stimulation, the device also records
neural activity from the same brain region or nearby regions. These neural recordings provide real-
time feedback to adapt and optimize the stimulation parameters.

Advantages:

Personalized Treatment: Bidirectional DBS allows for personalized treatment as the stimulation
parameters can be adjusted based on the patient's neural activity. This adaptability can potentially
lead to better symptom control and reduced side effects.

Reduced Side Effects: By continuously monitoring neural activity, bidirectional DBS can detect
changes in brain signals that may indicate the need for stimulation parameter adjustments. This can
help in minimizing side effects and optimizing therapy.

Research and Understanding: The neural recordings obtained from bidirectional DBS systems can also
contribute to a better understanding of brain circuitry and disease mechanisms. Researchers can
analyze the data to gain insights into how specific brain regions function.

Challenges and Considerations:

Technical Complexity: Implementing bidirectional DBS requires advanced neurostimulation devices
capable of both stimulation and sensing. This technology can be more complex to develop and
maintain.

Data Processing: Managing and interpreting the neural data generated by bidirectional DBS systems
can be a challenge. Advanced algorithms and signal-processing techniques are needed to extract
meaningful information from the recordings.

Ethical and Privacy Concerns: Recording neural activity from the brain raises ethical and privacy
considerations, especially concerning the use and storage of sensitive medical data.

Applications: Bidirectional DBS is still a relatively new and evolving technology. It is primarily being
researched and tested for conditions like Parkinson's disease, epilepsy, depression, and obsessive-
compulsive disorder. Clinical trials and studies are ongoing to evaluate its safety and efficacy in these
and other conditions.

In summary, bidirectional deep brain stimulation represents an exciting advancement in
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neuromodulation technology. By combining neural sensing with electrical stimulation, it holds the
potential to provide more precise and adaptable treatments for a range of neurological and
psychiatric conditions, while also contributing to our understanding of the brain's complex functions.
However, further research and development are needed to fully realize its clinical potential and
address associated technical and ethical challenges

Deep brain stimulation (DBS) has revolutionized the field of neuromodulation, offering hope for
individuals with various neurological and psychiatric conditions. The Medtronic Summit RC + S
experimental prototype DBS device represents a significant leap forward in this technology, with its
unique ability to both deliver stimulation to and record electrical signals directly from the brain. This
chapter explores the groundbreaking capabilities of bidirectional DBS and the role of telemetry in
advancing neural monitoring and closed-loop therapies.

Bidirectional DBS: The Convergence of Stimulation and Sensing

The Medtronic Summit RC + S is at the forefront of bidirectional DBS technology, aiming to merge the
capabilities of microprocessors with neural prostheses embedded within the nervous system. This
device heralds a new era in neuromodulation, where concurrent sensing and stimulation enable a
deeper understanding of the nervous system and the enhancement of therapies for neurological
diseases.

Challenges in Concurrent Sensing and Stimulation

Concurrent sensing and stimulation are critical for maximizing usable neural data, minimizing time
delays for closed-loop actuation, and investigating instantaneous responses to stimulation. However,
existing systems face challenges due to stimulation interference with neural signals of interest.
Factors like tissue-electrode impedance mismatch and constraints on stimulation parameters have
hindered progress.

Mitigating Stimulation Effects

This chapter outlines systematic methods to mitigate the effects of stimulation interference. These
methods encompass a combination of sensing hardware, stimulation parameter selection, and
classification algorithms designed to counteract residual stimulation disturbances. Validation of these
methods involved a completely implantable system tested in a large animal model of epilepsy,
demonstrating the capability to measure and detect seizure activity during and after stimulation.

Telemetry in Bidirectional DBS

Telemetry plays a pivotal role in bidirectional DBS by facilitating data transmission and remote
monitoring. Some devices, such as the Medtronic Summit RC + S, Medtronic Percept PC, and
CereplexW, enable real-time streaming of neural data to external devices. This capability allows for
chronic neural recordings in natural environments, paving the way for personalized biomarkers and
therapies.

The Summit RC+S System Architecture

Stanslaski et al. provide insights into the Summit RC+S system architecture, emphasizing design
changes motivated by experience with previous systems. These changes enhance sense-stim
performance, incorporate rechargeable technology for extended device longevity, and employ
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telemetry for algorithm development and data management. The technology is validated in a chronic
treatment paradigm for canines with naturally occurring epilepsy, showcasing its potential for human
applications.

Impedance Oscillations and Multiscale Cycles

Mivalt et al. present findings on impedance oscillations in limbic brain structures, revealing multiscale
cycles with ultradian, circadian, and infradian periods. These cycles are associated with sleep-wake
state transitions, suggesting a connection between brain impedance and the brain's glymphatic
system. This biomarker holds promise for tracking extracellular space dynamics in various health and
disease contexts.

LFP Analysis and Antidepressant Effects

A study aims to identify changes in local field potentials (LFPs) during active DBS stimulation to
correlate them with antidepressant effects. The Summit RC+S system is implanted in patients with
treatment-resistant depression to collect LFP data. This long-term study provides insights into the
neural mechanisms underlying DBS's therapeutic benefits.

Data Loss Mitigation with PELP

The chapter concludes by introducing a method called Periodic Estimation of Lost Packets (PELP),
designed to reconstruct time-domain neural signals impacted by data loss during wireless
transmission. PELP leverages the periodic nature of stimulation artifacts and enhances the precision
of data reconstruction, enabling more accurate neural signal analysis.

Conclusion

Bidirectional DBS, coupled with telemetry and innovative signal processing techniques, represents a
transformative approach to understanding and treating neurological and psychiatric disorders. These
advancements hold promise for personalized therapies and a deeper exploration of the brain's
complexities. The integration of automated artifact injection opens doors to controlled experiments
for unlocking the brain's secrets.
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