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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __No____
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___2.2___2.7 and 2.8___3.3_____5.1____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____The single most difficult aspect of this protocol is that the patient performs voluntary breathing. One way to ensure success is that the experimenter demonstrates voluntary breathing while instructing the patient to do so__________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to improve therapeutic efficacy of electrical stimulation when it is triggered by voluntary breathing. (Intro)
This is achieved by monitoring breathing signals to detect voluntary breathing. (P1, show human figure without face mask. Then add face mask.)
As a second step, the value of detected breathing signals is compared to the preset threshold, which determines whether a trigger needs to be sent. (P2, add arrow and “airflow rate monitor “ and arrow and “control circuit” )  

Next, a trigger is sent to the electrical stimulator in order to deliver an electrical pulse to the target areas that is synchronized with voluntary breathing. (P3, add remainder of figure (but not the two far right text boxes) and have a spark travel down from the “Electrical stimulation delivery controller” box to the arm)
Results are obtained that show increased efficacy in pain relief and spasticity reduction based on Breathing-controlled electrical stimulation. (P4, figure 2)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

Please provide one image for each step.  
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name:  Sheng Li : The main advantage of this technique over existing methods, like trancutaneous electrical nerve stimulation (TENS), is that Breathing-controlled electrical stimulation, or BreEStim, integrates the intrinsic physiological coupling activated during voluntary breathing to improve therapeutic efficacy of electrical stimulation.    

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Video Editor: The videographer was asked to film Broll of the subject using the apparatus in the results section, to be used as background for the bullet points describing the case study in the Results section and elsewhere. 
2. Subject preparation and setup
2.1. To begin setup for stimulation, first have the subject sit comfortably, with the arms and hands comfortably on the treatment table.  Then, Identify and localize the area of interest for surface electrode placement. 
2.1.1. WIDE: the subject sits in the chair, with arms and hands comfortably on the treatment table.
2.1.2. MED: the researcher speaks to the subject (as if explaining) as he examines the arm to be used during stimulation.  
2.2. To perform BreEStim for pain management, first locate the acupuncture points of Neiguan and Weiguan on the forearm ipsilateral to the side of interest.
2.2.1. LAB MEDIA: Lab Media: Show Figure 3  (Neiguan) (Move this one after 2.3.1)
2.2.2. LAB MEDIA:  authors, can you provide a Figure showing the location of Weiguan to show here? (I don’t think it is necessary,) 
2.3. To perform BreEStim (pronounced "Bree – stim”) for pain management, first locate the acupuncture points of Neiguan (pronounced "nay – g’wan” where the last “n” is a nasal n) and Weiguan (pronounced " whaa – g’wan” where “whaa” rhymes with the “ma” of “mac” and the last “n” is a nasal n) on the forearm ipsilateral to the side of interest. Neiguan is located about 3-finger widths above the wrist crease on the volar side and in the middle between medial and lateral boards of the forearm. Weiguan is the counterpart of Neiguan, located in the dorsal aspect of the forearm.   
2.3.1. MED over the shoulder: researcher locates Neiguan on the subject’s arm (uses 3 finger widths) and marks it.  Then, he turns the arm over to locate and mark Weiguan.  
2.3.2. LAB MEDIA: Lab Media: Show Figure 3  (Neiguan) [video editor: The author said to tell you to use this here if useful, but don’t need to. Also you can move it up before 2.3.1 if you think it fits better there]
2.4. Trim each self-adhesive electrode to a 2 by 2cm square to provide focal and isolated electrical stimulation, and place the cathode electrode on Neiguan, and the anode electrode on Weiguan.
2.4.1. MED over the shoulder: researcher trims an electrode to a 2 by 2cm square.
2.4.2. MED: researcher places the cathode electrode on Neiguan, and the anode electrode on Weiguan. 
2.5. To perform BreEStim for spasticity management, place the cathode over the finger extensor muscle belly, and attach the anode to a site 1~2 cm distal to the cathode. Then optimize the sites for the anode and cathode to the locations eliciting the largest isolated finger extension response with a minimal wrist response. Shown here is a photograph of patient being treated with BreEStim.
2.5.1. Lab Media: Figure 4 (example spasticity management) (suggest to move this after 2.5.3 after showing electrode placement on the normal subject, and then say: here is a photo of real patient)
2.5.2. MED: Researcher places the cathode over the finger extensor muscle belly, then attaches the anode to a site 1~2 cm distal to the cathode.
2.5.3. MED: Show the subjects arm as the location eliciting the largest isolated finger extension response w minimal wrist response is determined (we see isolated finger extension response with a minimal wrist response)
2.5.4. Lab Media: Figure 4 (example spasticity management)
2.6. For both treatment methods, next connect the surface electrodes to the electrical stimulator, then place and secure the facemask. Select the size of facemask carefully to fit individual’s face to prevent air leakage and to provide comfort of wearing the mask. Connect the facemask to a pneumotach system.  
2.6.1. MED: researcher connects the surface electrodes to the electrical stimulator. (pain setup used here) 
MED: researcher places the face mask, checking to assure that it fits well and prevents leakage.  [Editor: Can’t tell if this was filmed as part of 2.6.1 or separately.]
2.6.2. MED: researcher connects the facemask to the pneumotach system. 
2.7. Now, again for both treatment methods, provide the subject with instructions for voluntary breathing.  Voluntary inhalation plays a critical role in this intervention, and is defined as effortful deep and fast inhalation. Instruct the subject to take a single isolated deep breath, similar to routine deep breaths, but faster and stronger.
2.7.1. WIDE: researcher speaks to the subject, as if providing instructions for voluntary breathing. (perhaps demonstrates, i.e. takes a deep breath, as speaking) 
2.7.2. MED: show the subject, practicing the breathing. (multiple angles, used again below) 
2.7.3. MED: researcher speaks to the subject again, as the subject is practicing, and the subject nods as if he understands.
2.8. There is no need to perform voluntary exhalation preceding forced inhalation in a breathing cycle. Allow the subject to have 8~10 practice trials to understand and become comfortable with the instructions.
2.8.1. MED:  use 2.7.2:  again, show the subject practicing the breathing, from another angle. 
3. Electrical stimulation settings
3.1. Set a single electrical stimulus as a single square-wave pulse with a 0.1 ms duration. There is no need to set a frequency parameter. The intensity of electrical stimulation is different for the different applications. 
3.1.1. WIDE: Show as researcher sets up for stimulation, as the subject is seated, & waiting, still wearing electrodes (Note: Using setup for pain management here) and a facemask. 
3.1.2. MED over the shoulder: Show as researcher sets the equipment to send a single electrical stimulus as a single square-wave pulse with a 0.1ms duration
3.2. For pain management, use zero as the starting intensity, then allow the subject to determine incremental changes of the stimulation intensity. Determine the highest level is the maximal output of the stimulator or the level the subject can tolerate. 
3.2.1. MED over the shoulder (or CU of the equipment, if it’s a knob): researcher sets the intensity to zero, 
3.2.2. MED: show the subject and researcher as a stimulus is given, then the subject speaks to the researcher, and he then changes the setting. 
3.2.3. MED: show the subject as another stim is given, a slight grimace on his face this time….
3.3. Explicitly instruct the subject that discomfort or painfulness, even “aversiveness” to electrical stimulation is part of treatment; therefore, encourage the subject to select the highest level that he or she can tolerate.  
3.3.1. MED: researcher speaks to the subject as he again changes the setting, 
3.3.2. MED: show the subject as he is feeling discomfort during the stimulation. 
3.4. For spasticity management, determine the intensity of electrical stimulation at which isolated finger extension responses are elicited with minimal involvement of wrist joint responses. Also determine the highest intensity the subject can tolerate. 
3.4.1. MED over the shoulder: show as researcher again changes the intensity setting. 
3.4.2. MED: (NOTE: use set up for spasticity management here) show the subject (hand can be seen), as isolated finger extension responses are elicited with minimal involvement of wrist joint.  
3.5. Note that the absolute magnitude of stimulation intensity can differ between subjects. Again, encourage the highest intensity that the subject can tolerate to achieve the best outcome. 
3.5.1. MED: researcher speaks to the subject again, as if explaining, and the subject nods in understanding. 
4. Control of electrical stimulation
4.1. For both Breathing-controlled electrical stimulation and Electrical stimulation, write a customized LabView program to control delivery of stimulation. Here, the stimulation is demonstrated for pain management.  (Note:  suggest using the setup for pain management for this section)  

4.1.1. TITLE Screen: above said with title screen.
4.2. Using BreEStim, determine the peak airflow rate during voluntary inhalation, i.e., during the deepest and fast inhalation (Figure 6).  Next, determine the threshold which is 40% peak airflow rate. Set the threshold higher than the airflow rate during normal breathing to encourage deeper and faster voluntary breathing.
4.2.1. Lab Media: figure 6, (graph). 
4.2.2. MED: show researcher determining 40% peak airflow rate (i.e. adjusting settings). 
4.2.3. MED over the shoulder: show researcher setting the threshold higher than the airflow rate during normal breathing.
4.3. Next, set the trigger function. When the instantaneous airflow rate of an isolated voluntary inhalation reaches or surpasses the threshold, the LabView program will trigger and deliver a single electrical stimulus with preset duration and intensity. Allow the subject to rest upon request.  
4.3.1. MED over the shoulder: show as researcher sets the trigger function.
4.3.2. MED: OR SCREENCAPTURE:  show LabView program as it triggers and delivers a single electrical stimulus
4.3.3. MED: show subject as a stimulus is delivered.
4.4. To perform Randomly-triggered electrical stimulation with EStim, allow the subject breathe normally without specific instructions. The LabView program will randomly deliver a single electrical stimulus with a preset duration and intensity every 4 to 7 seconds. Similarly, allow the subject to rest upon request.
4.4.1. MED: show subject breathing normally.
4.4.2. MED over the shoulder: (OR SCREENCAPTURE, if authors can provide) : show as LabView program randomly delivers a single electrical stimulus with a preset duration
4.4.3. MED: show subject as a random stimulus is delivered.(still breathing normally)
4.5. Note that it is recommended that each session of treatment contains 100 to 120 BreEStim stimuli, and should last approximately 30-40 minutes.  
4.5.1. MED: show the subject as EStim is performed. 
5. Recording and monitoring
5.1. To assure accurate recording and monitoring during stimulation, assure that there is no air leakage from the facemask, since voluntary inhalation plays an important role in this protocol. 
5.1.1. MED:  OR SCREENCAPTURE:  show data as it is recorded on screen during BreEStim.
5.1.2. MED:  show the face mask on the subject, perhaps from the side, showing that it is well fitted. 
5.2. Closely monitor for signs of hypoxemia and hyperventilation while the subject wears the facemask. Be sure to allow rest at the subject’s request for this purpose. Record any side effects, tolerance of voluntary breathing via the face mask, and any psycho-social effects that may occur. 
5.2.1. MED over the shoulder: show as researcher closely monitors for signs of hypoxemia and hyperventilation.
5.2.2. MED: The subject speaks (asking for a break), and the researcher nods and halts the stimulation for a rest period.
5.2.3.  MED over the shoulder:  researcher records side effects, or tolerance of voluntary breathing, etc. (uses computer or a clipboard)  
5.3. For pain management, also record any reduction of pain, such as visual analogue scores and duration of the effect. Also record the average intensity for each session, since the intensity of electrical stimulation varies during each session of treatment.  Use the modified visual analogue scores to further quantify the effect of pain reduction, such as how much pain is reduced and duration of reduction. 
5.3.1. MED over the shoulder:  researcher records reduction of pain (computer or a clipboard) using visual analogue scores, then records average intensity. 
5.3.2. MED over the shoulder:  Show as the researcher uses software/ spreadsheet to quantify the effect of pain reduction. 
6. Results: BreEStim Case presentation 
Video Editor, if the videographer shot Broll of the subject using the apparatus, please use that as background for the bullet points describing  the case study 
6.1. This patient was a 40 year old male who suffered a spinal cord injury 4.5 years ago in a motor vehicle accident, resulting in T8 ASIA A spinal cord injury. The patient complained of neuropathic pain at the injury level, while he had no other active medical issues. 
Text on screen: 

40 year old male
Spinal cord injury 4.5 years ago
T8 ASIA A cord injury
Neuropathic pain at the injury level
6.2. He had been stable on a pain regime for 2 weeks prior to the treatment. He received EStim first, waited 1 week as a washout, and then received BreEStim with the same dose.
EStim: 1 session per day for 5 consecutive days
-1 week washout-
BreEStim: 1 session per day for 5 consecutive days
6.3. Each treatment session consisted of 120 stimuli. Surface electrodes were placed on acupoints (Neiguan and Weiguan) of the right forearm. Modified Visual Analogue Scale (mVAS) was used to compare the effect of each intervention. 
Treatment sessions: 120 stimuli
Acupoints Neiguan and Weiguan on the right forearm
Visual Analogue Scale (mVAS), to compare EStim & BreEStim
6.4. As seen here, BreEStim had a greater pain reduction effect than EStim, except on Day 2 when the patient had a urinary tract infection which was successfully treated with antibiotics.
6.4.1. LAB MEDIA: figure 2, top 2 graphs.  
6.5. The intensity of electrical stimulation was similar between EStim and BreEStim.  The subject tolerated both interventions well, even during the UTI. The subject maintained the same dose and schedule of pain medications.
6.5.1. LAB MEDIA: figure 2 (bottom 2 panels only)
6.6. During the 4 week experimental period both BreEStim and EStim treatment sessions were performed at the same time of the day (between 11Am to Noon), such that changes in the pain rating could possibly be attributed to stimulation effects and not diurnal variation.
6.6.1. Figure 2  -show both the top panels and the bottom panels.  
6.7. Here we see photographic evidence of results for spasticity management.  For this patient, the finger flexor spasticity was greatly reduced after BreEStim treatment. Finger flexor spasticity has been reduced from MAS 1+ to a minimum score of MAS=0.  
6.7.1. Lab media: (Figure 1) 
6.7.2. The author submitted a video of patient testimony and would like it inserted here (the author gave the video to Patric, the videographer)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Author name Sheng Li: After watching this video, you should have a good understanding of how to properly use voluntary breathing to trigger electrical stimulation and to improve its therapeutic efficacy.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


