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Wireless closed-loop vagus nerve stimulator and its system

TANG Moxiong, LI Xiaolong

School of Electronic Information, Jiangsu University of Science and Technology, Zhenjiang 212003, China

Abstract: A wireless closed-loop vagus nerve stimulator and its system which includes a head-mounted scalp EEG recorder, a
vagus nerve stimulator, an electromagnetic coupling energy transmitter and a control App are proposed for the treatment of
drug-refractory epilepsy. A bio-signal preamplifier that can separate local field potential and action potential, a vagus nerve
stimulator that can generate biphasic stimulation pulses with adjustable parameters, an electromagnetic coupling energy trans-
mitter and a control App are designed. The coastline parameter algorithm is used to detect the generation of epileptic signals.
The test results show that the amplification gains of the bio-signal preamplifier for local field potential and action potential
are 40 and 60 dB, respectively. The vagus nerve stimulator can generate the corresponding biphasic stimulation pulses after it
receives stimulation parameters from the control App. When the transmitter power is 30 dBm and the distance between the
transmitter coil and the receiver coil is 2 cm, the maximum electromagnetic coupling energy transmission efficiency reaches
15.4%. The detection accuracy of the coastline parameter algorithm is 88%.
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Figure 1 Architecture of the system
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Figure 3 Bio—signal preamplifier circuit
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Table 1 Detection results of coastline parameter algorithm

BE NG S B ERRE S RERE S ERR% BRER%
1 4 4 0 100 0

2 4 3 1 75 25

3 2 2 0 100 0

4 2 1 0 50 0

5 1 1 0 100 0

6 4 4 1 100 25

7 3 3 1 100 333

8 5 4 0 80 0
Sy 3.125 2.750 0.375 88 12

Ro SEGEE RN, BT 0 Jo 2 A B 2K I 22 i I
FR G R %38 Ao AL T 1 T O R T o 2 s o
A 7 R R LR L R ARG SR MR R, T L A
HA 5 18 2 B0 R0k b o 00 R 00 A A, B R
G BT

(5% K]

[1] Wolfgang L, Heidrun P, Sanjay M, et al. Drug resistance in epilepsy:
clinical impact, potential mechanisms, and new innovative treatment
options[ J]. Pharmacol Rev, 2020, 72(3): 606-638.

[2] Beghi E. The epidemiology of epilepsy| J |. Neuroepidemiology, 2020,
54(2): 185-191.

[3] Jobst BC, Cascino GD. Resective epilepsy surgery for drug-resistant
focal epilepsy: a review[J]. JAMA, 2015, 313(3): 285-293.

[4] Ashkan K, Sokratous G, Gobel H, et al. Peripheral nerve stimulation
registry for intractable migraine headache (RELIEF): a real-life
perspective on the utility of occipital nerve stimulation for chronic
migraine[ J]. Acta Neurochirurgica, 2020, 162: 3201-3211.

[5] Toffa DH, Touma L, El Meskine T, et al. Learnings from 30 years of
reported efficacy and safety of vagus nerve stimulation (VNS) for
epilepsy treatment: a critical review[ J . Seizure, 2020, 83: 104-123.

[6] Janmohamed M, Brodie MJ, Kwan P. Pharmacoresistance-
epidemiology, mechanisms, and impact on epilepsy treatment[J].
Neuropharmacology, 2020, 168: 107790.

[7] Gonzilez H, Yengo-Kahn A, Englot DJ. Vagus nerve stimulation for
the treatment of epilepsy[ J ]. Neurosurg Clin N Am, 2018, 30(2): 219-
230.

[8] Boon P, Vonck K, Van Rijckevorsel K, et al. A prospective, multicenter
study of cardiac-based seizure detection to activate vagus nerve
stimulation[ J]. Seizure, 2015, 32: 52-61.

[9] Luo D, Zhang M, Wang Z. Chopper-stabilized low-noise multipath
operational amplifier with dual ripple rejection loops[ J |. IEEE J Solid-
St Circ, 2019, 54(8): 2255-2265.

[10] Chandrakumar H, Markovic D. An 80-mVpp linear-input range, 1. 6-
GQ input impedance, low-power chopper amplifier for closed loop
neural recording that is tolerant to 650-mVpp common-mode
interference[ J . IEEE J Solid-St Circ, 2017, 52(1 1): 2811-2828.

[11] Wu J, Tang K. A band-tunable, multichannel amplifier for neural
recording with AP/LFP separation and dual-threshold adaptive AP
detector [C]// 2011 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society. 2011: 1847-1850.

[ 12] Chandrakumar H, Markovi¢ D. A high dynamic-range neural recording
chopper amplifier for simultaneous neural recording and stimulation
[J]. IEEE J Solid-St Circ, 2017, 52(3): 645-656.

[13] Yang X, Xu J, Ballini M, et al. A 108 dB DR-pM front-end with 720
mVpp input range and > 300 mV offset removal for multi-parameter
biopotential recording[ J]. IEEE Trans Biomed Circuits Syst, 2021, 15
(2): 99-209.

[14] Tasneem N, Mahbub 1. A low-power reconfigurable readout circuit
with large DC offset reduction for neural signal recording applications
[C1//2020 TEEE 63rd International Midwest Symposipm on Circuits
and Systems (MWSCAS). IEEE, 2020: 521-524.

[15] Huang Q, Zhan C, Wang L, et al. A-40 °C to 120 °C, 169 ppm/°C nano-
ampere CMOS current reference[ J |. IEEE Trans Circuits-I1, 2020, 67
(9): 1494-1498.

[16] Khan SR. Sub-1V, 5.5 ppm/°C, high PSRR all CMOS bandgap voltage
reference[ J . IETE J Res, 2020, 66(4): 527-532.

[17] Singh M, Sarma R. Design and implementation of MOSFET based
folded cascode current mirror[ C ]//2018 International Conference on
Intelligent Circuits and Systems (ICICS). IEEE, 2018: 17-21.

[18] Ho JS, Yeh AJ, Neofytou E, et al. Wireless power transfer to deep-
tissue microimplants[J]. PNAS, 2014, 111(22): 7974-7979.

[19] Agarwal K, Jegadeesan R, Guo YX, et al. Wireless power transfer
strategies for implantable bioelectronics[ J]. IEEE Rev Biomed Eng,
2017, 10: 136-161.

[20] Haerinia M, Shadid R. Wireless power transfer approaches for medical
implants: a review[J]. Signals, 2020, 1(2): 209-229.

[21] Manoufali M, Bialkowski K, Mohammed BJ, et al. Near-field
inductive-coupling link to power a three-dimensional millimeter-size
antenna for brain implantable medical devices[J]. IEEE Trans Biomed
Eng, 2017, 65(1): 4-14.

[22] Gandhi T, Panigrahi BK, Bhatia M, et al. Expert model for detection
of epileptic activity in EEG signature[ J ]. Expert Syst Appl, 2010, 37:
3513-3520.

[23] Mirzayi S, Rajebi S. Diagnosis of epilepsy using signal time domain
specifications and SVM neural network[ J]. J Mach Learn Res, 2020,
5(2): 28-38.

[24] Korn SJ, Giacchino JL, Chamberlin NL, et al. Epileptiform burst
activity induced by potassium in the hippocampus and its regulation
by GABA-mediated inhibition[ J ]. J Neurophysiol, 1987, 57(1): 325-
341.

[25] Hoffmann U, Vesin JM, Ebrahimi T, et al. An efficient P300-based
brain-computer interface for disabled subjects[J]. J Neurosci Meth,
2008, 167(1): 115-125.

(B . TAmE)



