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SUMMARY:  22 

This protocol demonstrates how to use an electrophysiological system for closed-loop 23 

stimulation triggered by neuronal activity patterns. Sample Matlab code that can be easily 24 

modified for different stimulation devices is also provided.  25 

 26 

ABSTRACT:  27 

Closed-loop neurophysiological systems use patterns of neuronal activity to trigger stimuli, which 28 

in turn affect brain activity. Such closed-loop systems are already found in clinical applications, 29 

and are important tools for basic brain research. A particularly interesting recent development is 30 

the integration of closed-loop approaches with optogenetics, such that specific patterns of 31 

neuronal activity can trigger optical stimulation of selected neuronal groups. However, setting 32 

up an electrophysiological system for closed-loop experiments can be difficult. Here, a ready-to-33 

apply Matlab code is provided for triggering stimuli based on the activity of single or multiple 34 

neurons. This sample code can be easily modified based on individual needs. For instance, it 35 

shows how to trigger sound stimuli and how to change it to trigger an external device connected 36 

to a PC serial port. The presented protocol is designed to work with a popular neuronal recording 37 

system for animal studies (Neuralynx). The implementation of closed-loop stimulation is 38 

demonstrated in an awake rat.  39 

 40 

INTRODUCTION:  41 

The goal of this protocol is to demonstrate how to implement closed-loop stimulation in 42 

neurophysiological experiments. The typical setup for closed-loop experiments in neuroscience 43 

involves triggering stimuli based on the online readout of neuronal activity. This, in turn, causes 44 
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modifications in the brain activity, thus closing the feedback loop1,2. Such closed-loop 45 

experiments provide multiple benefits over standard open-loop setups, especially when 46 

combined with optogenetics, which allows researchers to target a specific subset of neurons. For 47 

example, Siegle and Wilson used closed-loop manipulations to study the role of theta oscillations 48 

in information processing3. They demonstrated that stimulating hippocampal neurons on the 49 

falling phase of theta oscillations had different effects on behavior than applying the same 50 

stimulation on the rising phase. Closed-loop experiments are also becoming increasingly 51 

important in preclinical studies. For instance, multiple epilepsy studies have shown that neuronal 52 

stimulation triggered on seizure onset is an effective approach to reduce the severity of seizures4-53 
6. Moreover, systems for automated seizure detection and the contingent delivery of therapy7,8 54 

showed significant benefits in epilepsy patients9-12. Another application area with rapid 55 

advancement of closed-loop methodologies is the control of neuroprosthetics with cortical 56 

brain–machine interfaces. This is because providing instantaneous feedback to users of 57 

prosthetic devices significantly improves accuracy and capability13.  58 

 59 

In recent years, several labs have developed custom systems for the simultaneous electrical 60 

recording of neuronal activity and delivery of stimuli in a closed-loop system14-18. Although many 61 

of those setups have impressive characteristics, it is not always easy to implement them in other 62 

labs. This is because the systems often demand experienced technicians to assemble the required 63 

electronics and other necessary hardware and software components. 64 

 65 

Therefore, in order to facilitate the adoption of closed-loop experiments in neuroscience 66 

research, this paper provides a protocol and Matlab code to convert an open-loop 67 

electrophysiological recording setup19-22 into a closed-loop system2,6,23. This protocol is designed 68 

to work with the Digital Lynx recording hardware, a popular laboratory system for neuronal 69 

population recordings. A typical experiment consists of the following: 1) Recording 5-20 minutes 70 

of spiking data; 2) Spike sorting to create neuronal templates; 3) Using these templates to 71 

perform online detection of neural activity patterns; and 4) Triggering stimulation or 72 

experimental events when user-specified patterns are detected. 73 

 74 

PROTOCOL:  75 

 76 

All procedures described here were performed under an Animal Research Protocol approved by 77 

the University of Lethbridge Animal Welfare Committee. 78 

 79 

1. Surgery 80 

 81 

NOTE: The surgery procedures used to implant probes for neurophysiological recordings have 82 

been presented in other publications24-26. The exact details of the surgery for closed-loop 83 

stimulation depend on the type of recording probes used and the brain areas targeted. In most 84 

cases, however, a typical surgery will consist of the following steps. 85 

 86 

1.1. Bring to the surgery room a cage with a rat to be implanted with a silicone probe or 87 

electrode array to record neuronal activity. 88 
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 89 

1.2. Anesthetize the rodent with 2-2.5% isoflurane and fix the head in a stereotaxic frame. 90 

Ensure that the animal is unconscious during surgery by observing any motoric reaction to mild 91 

tactile stimuli25.  92 

 93 

1.3. Apply an eye ointment to minimize dryness during the surgery. 94 

 95 

1.4. Shave the surgical area and disinfect the skin with 2% chlorhexidine solution and 70% 96 

isopropyl alcohol. 97 

 98 

1.5. Inject lidocaine (5 mg/kg) under the scalp over the brain area where electrodes will be 99 

implanted.  100 

 101 

1.6. Make an incision of the scalp over the area of future implant, and use a scalpel and cotton 102 

swab to clear the periosteum from the exposed skull25.  103 

 104 

1.7. Drill 4-8 holes in the skull for implantation of anchor screws (~0.5 mm) as structural 105 

support for the implant25. Attach the screws to the skull by inserting them in the holes and ensure 106 

that they are held firmly in place. 107 

 108 

1.8. Drill the craniotomy at the specified coordinates, and inset the microdrive/probe implant.  109 

 110 

NOTE: The described protocol for closed-loop stimulation will work for any brain region in 111 

which the electrodes are inserted.  112 

 113 

1.9. Fix the microdrive/probe and any required electrical interface connector to the skull using 114 

dental acrylic. The amount of dental acrylic should be enough to firmly attach the implant, but it 115 

should not come in contact with the surrounding soft tissue25.  116 
 117 

1.10. After surgery, closely monitor the animal until it has regained sufficient consciousness to 118 

maintain sternal recumbency25. For the subsequent 3 days, administer subcutaneously an 119 

analgesic (e.g. Metacam, 1 mg/kg), and an antibiotic to prevent infection (e.g. enrofloxacin, 10 120 

mg/kg). 121 
 122 

NOTE: Animals are typically left to recover from surgery for one week prior to any testing or 123 

recording. 124 

 125 

2. Software installation  126 
 127 
NOTE: This was tested on Windows 10, 64 bit version. 128 
 129 

2.1. Install data acquisition and processing software. 130 

 131 

2.1.1. Install the data acquisition system Cheetah 6.4 132 
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(https://neuralynx.com/software/category/sw-acquisition-control), which includes libraries to 133 

interact with the Cheetah Acquisition System.  134 

 135 

2.1.2. Install SpikeSort3D (https://neuralynx.com/software/spikesort-3d) or any other software 136 

that uses KlustaKwik27 for spike sorting. The online detection software uses the cluster definitions 137 

from the KlustaKwik engine. This software may run on the same computer, or it may run on 138 

separate computers that are on the same network.  139 
 140 

2.1.3. Install the NetComDevelopmentPackage (https://github.com/leomol/cheetah-141 

interface/blob/master/NetComDevelopmentPackage_v3.1.0), which can be also downloaded 142 

from https://neuralynx.com/software/netcom-development-package. 143 
 144 

2.2. Install Matlab (https://www.mathworks.com/downloads/; code was tested on Matlab 145 

version R2018a). Make sure that Matlab is enabled in the Windows firewall. Normally a pop-up 146 

will come up during the first connection.  147 
 148 

2.2.1 Log in to a Matlab account. Choose the licence. Choose the version. Choose the operating 149 

system. 150 

 151 

2.3. Download the following library for online event triggering from: 152 

https://github.com/leomol/cheetah-interface and extract files to the computer’s 153 

‘Documents/Matlab’ folder. A copy of the code is provided in the accompanying supplemental 154 

materials.  155 

 156 

3. Initial data acquisition 157 

 158 

3.1. Start data acquisition using Cheetah software. 159 

 160 

3.2. Record a few minutes of spiking data to populate template waveforms. 161 
 162 

3.3. Stop the data acquisition and perform spike sorting on the recorded data. 163 
 164 

3.3.1. Open SpikeSort3D, click File | Menu | Load Spike File, and select a spike file from the 165 

folder with recorded data. 166 

 167 

3.3.2. Click Cluster Menu and then Autocluster using KlustaKwik, leaving the default settings 168 

and click Run. 169 
 170 

4. Closed-loop experiment  171 

 172 

4.1. Resume data acquisition in Cheetah. 173 
 174 

4.2. Open Matlab. 175 

 176 

https://neuralynx.com/software/category/sw-acquisition-control
https://neuralynx.com/software/spikesort-3d
https://github.com/leomol/cheetah-interface/blob/master/NetComDevelopmentPackage_v3.1.0
https://github.com/leomol/cheetah-interface/blob/master/NetComDevelopmentPackage_v3.1.0
https://neuralynx.com/software/netcom-development-package
https://www.mathworks.com/downloads/
https://github.com/leomol/cheetah-interface
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4.2.1. Open ClosedLoop.m and click on Run. Alternatively, in the Matlab command window, 177 

execute ClosedLoop(). Ensure that ClosedLoop.m is on the Matlab path. If the user wants to 178 

employ a custom function to call on every trigger, execute ClosedLoop(‘-callback’, 179 

customFunction) instead, where customFunction is a handle to that function. 180 
 181 

4.2.2. Load the spike information defined on the initial recording by clicking on Load, browsing 182 

to the recording folder, and selecting one of the spiking data files (.ntt, .nse). 183 

 184 

4.2.3. Select one or multiple neurons that will trigger stimulation by clicking the checkbox under 185 

the plotted waveforms. 186 

 187 

4.2.4. Define the minimum number of neurons that will trigger stimulation by typing an integer 188 

in the “min matches” text box; and define the time window in which spikes matching different 189 

waveforms are considered co-active by typing a number in the “window” text box. 190 

 191 

4.2.5. Click Send to start. This will begin online triggering of events (tones as default) based on 192 

spiking activity of selected neurons.  193 

 194 

REPRESENTATIVE RESULTS:  195 

Fisher-Brown Norway rats born and raised on-site were habituated to handling for two weeks 196 

prior to the experiment. A recording drive was surgically implanted, similar to methods described 197 

previously28-34. The neuronal signals were recorded at 32 kHz with a digital acquisition system. 198 

Neuronal signals were first amplified with a unity gain wireless head-stage, then amplified with a 199 

gain of 1000, and band pass filtered between 600 and 6,000 Hz. Neuronal spikes exceeding a 200 

manually set amplitude threshold (typically 48-60 µV) were automatically saved, and then sorted 201 

into distinct clusters. Thus, each cluster presumably corresponds to spikes from a different 202 

neuron27. For this protocol demonstration, the rat was resting on a flowerpot, which was a 203 

familiar resting place during breaks in behavioral experiments (Figure 1).  204 

 205 

A representative screenshot from the recording computer is shown in Figure 2. It shows the 206 

simultaneous running of the recording software (left) and the Matlab program, which displays 207 

spike waveforms acquired in real time. This Matlab script is included in the Supplemental 208 

Materials. When spikes from predefined triggering clusters are detected, the waveforms are 209 

displayed with a bold dashed line in the Matlab figure window (Figure 2), and it triggers a tone, 210 

providing a closed-loop system. This closed-loop experimental setup allows, for example, to study 211 

neuroplasticity, where one can test if pairing neuronal activity with an external stimuli (tone) can 212 

affect the receptive fields of those neurons.  213 

 214 

FIGURE AND TABLE LEGENDS:  215 

Figure 1. Photograph of a rat with the wireless head-stage (board with pre-amplifiers and a 216 

blue LED) attached to an implanted silicone probe. The probe is positioned under the dental 217 

acrylic (pink material) and is not visible. 218 

 219 
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Figure 2. Screenshot of the recording and closed-loop software. Leftward panels are windows 220 

that are part of the Cheetah recording system used for visualizing and controlling the data 221 

acquisition. The window on the right side of the screen shows a Matlab session running the 222 

described software. The middle window shows the waveform of an online detected spike 223 

matching a pre-defined template. Spikes belonging to that cluster were used to trigger sound in 224 

the presented video.  225 

 226 

Figure 3. Schematic pipeline for the data flow.  227 

 228 

Figure 4. Test of stimulus latency. (A) Histogram of delays between time of generating an 229 

artificial spike and time of triggered signal. (B) Schematic of a microprocessor board setup to 230 

generate artificial spike waveforms. The black and orange connections output an RC like 231 

waveform (ranging from 0 to 810 mV) and it is connected to the head-stage via a “signal-mouse” 232 

interface that reduces the voltage to 810 µV. Components plugged in the same column of the 233 

breadboard are connected (resistors: 110 Ohm; 220 Ohm; 1000 Ohm; capacitor: 10 µF). The 234 

Arduino was connected to a PC via USB/UART, which triggered Arduino spikes and received back 235 

signals from both the Arduino circuit and the acquisition software API. The Arduino was 236 

instructed to generate 1000 spikes. 237 

 238 

DISCUSSION:  239 

The protocol described here, shows how to use a standard neurophysiological recording system 240 

to perform closed-loop stimulation. This protocol allows neuroscientists with limited expertise in 241 

computer science to rapidly implement a variety of closed-loop experiments with little cost. Such 242 

experiments are often necessary to study causal interactions in the brain. 243 

 244 

After preparing an animal and installing the software (Steps 1 & 2), the closed-loop experiment 245 

consists of two separate stages. First, initial data acquisition (Step 3) to collect data to define 246 

templates corresponding to activity of single neurons (i.e., spike sorting; Step 3.5). Secondly, the 247 

closed-loop stimulation, where newly recorded spikes will be automatically assigned to 248 

predefined clusters in real time and trigger stimulation if spikes form specified neurons are 249 

detected (Step 4). The presented Matlab scripts (see Supplemental Materials) demonstrate the 250 

triggering of different stimuli based on the activity of a single neuron, and on the activity of 251 

multiple selected neurons. The latter is a particularly important option, because neurons are 252 

believed to process information as an assembly (e.g., packets35,36). Triggering stimuli based on 253 

neuronal population patterns may thus be a key tool for answering a wide range of research 254 

questions. The data flow during closed-loop control is illustrated in Figure 3.  255 

 256 

In this protocol demonstration, a 3 kHz tone stimuli was used. This pure tone can be replaced by 257 

an arbitrary sound waveform by changing the variable “tone0”. Also, note that instead of a 258 

speaker, many other devices could be connected to the computer’s audio output to trigger a 259 

stimulation. For example, the audio output was used to drive a vibration motor to deliver low 260 

frequency (20 Hz) tactile stimuli22. Alternatively, the Matlab code could be used to send a TTL 261 

signal to a device connected to a computer serial port. This can be accomplished by replacing the 262 

‘sound()’ command with the following code: obj=serial('COM1'); fopen(obj); obj.RequestToSend 263 
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= 'on'. A sample implementation of this method is provided in the Supplemental Materials (see 264 

pulse.m). Similarly, Matlab could be used to send signals to external devices through a USB port. 265 

Thus, the code presented here allows users to send closed-loop triggers in a variety of ways to 266 

multiple devices.  267 

 268 

Tests showed that the time delay between a neuronal spike and the trigger signal is about 13 ms 269 

(min 9 ms; max 15 ms). The distribution of time delays is illustrated in Figure 4A. For this latency 270 

tests, an Arduino was used to send an artificial spike to the acquisition system (via the head-271 

stage). The delay was recorded as the time between the spike and the trigger signal from the 272 

acquisition PC running the closed-loop Matlab script. The schematic of the Arduino setup to 273 

generate spikes is shown in Figure 4B.  274 

 275 

The approach presented here is implemented in software, and thus may not be able to deliver 276 

stimuli with temporal accuracy of systems with dedicated hardware. For example, TDT (Tucker-277 

Davis Technologies) offers systems for spike triggered stimulation which can deliver stimuli within 278 

milliseconds. However, the advantage of the Matlab solution presented here is its low cost for 279 

users who own Cheetah recording hardware, its flexibility in defining the activity patterns to 280 

trigger stimuli, and its flexibility in defining neuronal templates. Moreover, single millisecond 281 

precision is not required in many experiments, so the implementation ease of this approach could 282 

offer a major advantage.  283 
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Name of Material/Equipment Company Catalog Number Comments/Description

Baytril Bayer, Mississauga, CA DIN 02169428 antibiotic; 50 mg/mL

Cheetah 6.4 NeuraLynx, Tucson, AZ 6.4.0.beta Software interfaces for data acquisition 

Digital Lynx 4SX NeuraLynx, Tucson, AZ 4SX recording equipment

Headstage transmitter TBSI B10-3163-GK transmits the neural signal to the receiver

Isoflurane Fresenius Kabi, Toronto, CA DIN 02237518 inhalation anesthetic

Jet Denture Powder & Liqud Lang Dental, Wheeling, US 1230 dental acrylic

Lacri-Lube Allergan, Markham, CA DIN 00210889 eye ointment

Lido-2 Rafter 8, Calgary DIN 00654639 local anesthetic; 20 mg/mL 

Matlab Mathworks R2018b software for signal processing and triggering external events

Metacam Boehringer, Ingelheim, DE DIN 02240463 analgesic; 5 mg/mL

Netcom NeuraLynx v1 Application Programming Interface (API) that communicates with Cheetah

Silicone probe Cambridge Neurotech ASSY-156-DBC2 implanted device

SpikeSort 3D  NeuraLynx, Tucson, AZ SS3D spike waveform-to-cell classification tools

Wireless Radio Receiver TBSI 911-1062-00 transmits the neural signal to the Digital Lynx 

Table of Materials Click here to access/download;Table of Materials;JoVE_Table_of_Materials_v3.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1095597&guid=67e756cf-bb19-4fd3-9f33-c98ca3606b7b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1095597&guid=67e756cf-bb19-4fd3-9f33-c98ca3606b7b&scheme=1


transmits the neural signal to the receiver

software for signal processing and triggering external events

Application Programming Interface (API) that communicates with Cheetah

spike waveform-to-cell classification tools

transmits the neural signal to the Digital Lynx 
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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1. Upload an electronic version on the JoVE submission site 
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3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 
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CC: "Leonardo A. Molina" leonardo.molina@ucalgary.ca, "Victorita E. Ivan" 

victorita.ivan@uleth.ca, "Aaron Gruber" aaron.gruber@uleth.ca 

Dear Dr. Luczak, 

 

Your manuscript, JoVE59812R2 "Using neuron spiking activity to trigger closed-loop stimuli in 

neurophysiological experiments.," has been editorially and peer reviewed, and the following 

comments need to be addressed. Note that editorial comments address both requirements for 

video production and formatting of the article for publication. Please track the changes within the 

manuscript to identify all of the edits. 

 

After revising and uploading your submission, please also upload a separate rebuttal document 

that addresses each of the editorial and peer review comments individually. Please submit each 

figure as a vector image file to ensure high resolution throughout production: (.psd, ai, .eps., 

.svg). Please ensure that the image is 1920 x 1080 pixels or 300 dpi. Additionally, please upload 

tables as .xlsx files. 

 

Your revision is due by Jul 16, 2019. 

 

To submit a revision, go to the JoVE submission site and log in as an author. You will find your 

submission under the heading "Submission Needing Revision". Please note that the 

corresponding author in Editorial Manager refers to the point of contact during the review and 

production of the video article. 

 

Best, 

 

Nam Nguyen, Ph.D. 

Manager of Review 

JoVE 

617.674.1888 

Follow us: Facebook | Twitter | LinkedIn 

About JoVE 

____________________________________ 

 

Editorial comments: 
Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in 

the submitted revision may be present in the published version. 

We did additional careful proofreading to eliminate any grammatical errors.  

 

2. Please add more details to your protocol steps. Please ensure you answer the “how” question, 

i.e., how is the step performed? Alternatively, add references to published material specifying 

how to perform the protocol action. 

Rebuttal Letter Click here to access/download;Rebuttal
Letter;rev_resp_round_2.pdf

http://www.editorialmanager.com/jove
http://www.jove.com/
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We inserted references in multiple steps to address this.  

3. 1.6: What are the hole diameters? How many holes? 

Now we clarify that typically, 4-8 screws with diameter ~0.5mm are used to anchor the implant. 

 

4. 1.7: What are the coordinates? 

We now clarify that the presented protocol for closed-loop stimulation will work properly, 

regardless if coordinates of implanted electrodes are set to motor cortex, sensory cortex or any 

other brain area. 

 

5. 1.8: How much acrylic is applied? 

Now we clarify that the amount of dental acrylic should be enough to sturdily attached implant 

but it should not extend beyond implant to contact soft tissue.   

 

6. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). 

We now eliminated personal pronouns.  

 

7. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials and Reagents. 

We would appreciate your advice on this topic. Our software is designed to work only on one 

type of recording system out of multiple types available on the market. Thus not mentioning 

explicitly in the main text for which system our protocol is designed may cause significant 

confusion. It is like reading instruction how to fix something, only to discover on the last page 

that it does not apply to my case. With other publishers, we never experienced restriction on 

specifying company names in the main text to disambiguate products. Therefore we kindly ask to 

allow us to mention right in the front, that our protocol is specifically designed only for 

Neuralynx system.  

 

 

 

Reviewers' comments: 

Reviewer #1: 
The authors addressed all of my concerns and recommendations. 

I am happy to support it being accepted. 



 

Thank you. 

 

Reviewer #3: 

Manuscript Summary: 

This article presents an easy to implement matlab software for stimulation upon detection of 

single or multiple neuronal activity. It is nice to present this as an method to be implemented in 

research. I think that both Introduction and Discussion do not discus many articles and the 

methods of closed-loop systems that they use. That could be interesting to enable comparison 

between different methods and recommendations when other methods are good to use and when 

this method outstands all the others. 

 

 

Major Concerns: 

- I think optogenetics is just one of the possible stimulation options. In human patients, there is a 

lot of interest in electrical stimulation. Is this also possible to apply using your software? If that 

is the case, you should mention one of the Neuropace studies as well, since they have applied 

electrical closed-loop stimulation to suppress epilepsy in a large amount of patients (Heck et al. 

2014 Epilepsia, for example) in introduction. Another system for detection and delivering of 

therapy is Peters et al. J Clin Neurophysiol 2001. 

Thank you for the suggestion. Those studies are now added in the Introduction.  

 

- I am not familiar with Neuralynx. Is this system especially used in animal studies? This should 

be added in abstract line 35. 

Yes, this system is mostly used in animal studies, especially in rodents. This is now specified in 

the Abstract. 

 

- Page 3 line 129: I do not understand what kind of spike information is loaded. Is this an 

electrocorticography with epileptic spikes, or is this neuronal spiking data. I would like to see an 

example of the data than can be loaded. 

This is neuronal spiking data, not epileptic spikes. Example of single neuronal spike is shown in 

Figure 2.  

 

- Page 3 line 131. I do not understand what you mean with neuronal ensemble. Is this the kind of 

event you would like to detect to trigger stimulation? I would like to see an example of such a 

neuronal ensemble. 

By neuronal ensemble we mean group of neurons. We now clarify that users select one or 

multiple neurons to trigger stimulation.  



 

- Page 4 line 152, I only see a bold dashed line in figure 2, but not the displayed spike waveforms 

in real time, which you mention in line 152. Could you update the figure with such a plot as 

well? 

Spike waveforms is plotted in the left top corner of Figure 2 but it was not clearly visible, as it 

was a dark blue trace on a black background. We have now changed the color of the spike 

waveform to yellow to better illustrate it.  

 

- Page 4 line 147: what kind of clusters were observed when sorting the spikes? What were the 

properties of these clusters, and what were the criteria for a spike belonging to a cluster, and did 

all clusters trigger a stimulation? 

This is a good question. Each cluster corresponds to spikes from a different neuron. For example, 

if a neuron is close to an electrode, then spikes from that neuron will have larger amplitude than 

spikes from neurons located farther away from the recording electrode. Thus, spike waveform 

features, like amplitude, will form separate clusters corresponding to different neurons. 

Differentiating spike feature clusters is often difficult, and there are multiple methods developed 

to facilitate this process. We now clarify this point in the text and we provide reference for more 

details on this topic.  

 

- Discussion: I do not see that many references to other articles using a closed-loop system and 

what they're protocols are. What makes this protocol different/better than others? 

 

We added 6 new references (including suggested above by the Reviewer) in the Introduction 

where we provide an overview of closed-loop literature. In the Discussion, we specify that the 

advantage of our method is that it only requires software installation, and it does not require any 

new hardware for users who already own a Cheetah recording system. Thus, for many labs 

studying animal electrophysiology, our protocol offers a low cost solution to implement closed-

loop stimulation.  

 

Minor Concerns: 

- Page 2, line 102, Software installation: on separate computers that are. This is just one of the 

weird grammar examples (see also Abstract line 29-30, page 4 line 134). This should be 

checked! 

 

Thank you for pointing it out. We corrected those sentences and we carefully checked grammar 

in the rest of manuscript.  

 

 

Reviewer #4:  



Manuscript Summary: 

Paper describe the protocol for using closed-loop systems with optogenetics, specifically for 

triggering stimuli based on the activity of single neurons. Paper is well written and clear. 

Protocol and scripts are step-by step explained in a clear way. Authors well addressed all 

potential critical points. No further significant concerns has raised. 

 

 

Major Concerns: 

non major concerns are present 

Thank you. 
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