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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____ If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)________ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps.

Step 1 Skin prep and electrode placement.

Step 2 selection of stimulation site with minimum stimulation threshold

Step 3 acquisition settings (filter range and sweep)

Step 4 Measurement of CMAP responses from each of the three intrinsic hand muscles

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The difficult aspect of the procedure is to get the electrode placement and stimulation site correct.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to obtain the split hand index, a simple neurophysiological measurement, which reliably distinguishes Amyotrophic Lateral Sclerosis, or ALS, from mimic neuromuscular disorders.  (Intro)
This is achieved by first selecting appropriate patients via their history and through a neurophysiological examination (P1: Use footage from the beginning of the experiment of talent questioning the patient, shot 2.1.1)
As a second step, the maximal motor responses are recorded from three intrinsic hand muscles, namely the abductor pollicis brevis, or APB, first dorsal interosseous, or FDI, and abductor digiti minimi, or ADM. (P2: Show the graphic with labels and then point out the various muscles and label them (Their location is described in Figure 1) as they are mentioned.)  

Next, the product of the compound muscle action potential, or CMAP recorded for the APB and FDI is divided by the CMAP recorded for the ADM in order to obtain the split-hand index. (P3: Add Figure 1 to the screen with the hand. Pull the image of the motor amplitude from the location of each of the hand muscles tested in the order mentioned and have it shrink into the appropriate part of the equation in Figure 1. )
The results reveal that a diagnostic cut off value of 5.2 for the split hand index reliably differentiates ALS from mimic neuromuscular disorders. (P4: Figure 3A & 3B, Label the slide with “Receiver Operating Characteristic Curve Analysis”)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Steve Vucic: The main advantage of this technique is its simplicity and ease of use.
Protocol (read by voice talent at JoVE):
2. Patient Preparation and Clinical Assessment
2.1. To begin, determine the suitability of Amyotrophic Lateral Sclerosis, or ALS patients for testing by selecting patients who have been diagnosed with ALS or a neuromuscular disorder. 

2.1.1. MED/WIDE: Talent welcomes patient for study and goes through their chart history. 

2.2. Exclude patients with coexistent focal neuropathy, median neuropathy at the wrist, ulnar neuropathy at the elbow, or patients with a generalized neuropathy, such as diabetic polyneuropathy.

2.2.1. MED/WIDE: Talent questions patient to determine if they have a coexistent focal, median, ulnar, generalized or diabetic neuropathy. 

2.3. Next, confirm the diagnosis of ALS or neuromuscular mimic disorders and ensure all patients provide informed consent for all of the neurophysiological procedures.  

2.3.1. MED/WIDE: Talent performs physical exam to confirm the diagnosis. 

2.3.2. MED/WIDE: Talent gives patient forms to sign. 

2.3.3. MED/WIDE: Talent then receives informed consent from the patient. 

2.4. Calculate the rate of disease progression in all ALS patients according to the formula shown here. 


2.4.1. MED – Over the Shoulder: Talent calculates the rate of disease progression. (TEXT: (48-ALSFRS-R)/duration of symptoms) 

2.5. Then, determine muscle strength in all patients using the Medical Research Council, or MRC rating scale, and develop a total MRC score comprising of upper limb and lower limb muscle groups.  The total MRC score of normal muscle strength should be 90.

2.5.1. MED: Talent tests patient’s muscle strength. SAME FOOTAGE AS IN 2.3.1 (I SHOT SOME CU AND MED SHOTS IN 2.3.1 THAT COULD BE USEFUL.).
2.5.2. MED: Talent then allows the subject to rest. 

2.5.3. MED – Over the Shoulder: Talent calculates the total MRC score.
3. Neurophysiological Assessment
3.1. Begin the assessment by performing motor nerve conduction studies on the median and ulnar nerves with compound muscle action potential responses, or CMAP responses recorded from the abductor pollicis brevis, or APB… the first dorsal interosseous, or FDI… and the abductor digit minimi, or ADM. 

3.1.1. MED: Talent prepares motor nerve conduction studies on patient. 

3.1.2. CU: Top view of hands and muscles as talent performs motor nerve conduction studies on the median and ulnar nerves and records CMAP responses for the APB, FDI, and ADM. (Video Editor: Add lines and guides to the footage in the video as seen in LAB MEDIA Figure 1) 

3.1.3. LAB MEDIA: Figure 1 (Video Editor: Display the two hand diagrams. Reveal the text when prompted) 

3.2. First, clean the skin surface over each muscle and the wrist with an abrasive gel to reduce skin resistance, and an alcohol wipe to improve adhesion. 

3.2.1. MED/CU: Talent cleans the patient’s skin over each muscle and the wrist with an abrasive gel. Talent cleans the same areas with an alcohol wipe. 
3.5 – 3.10 SHOULD GO BEFORE 3.3 & 3.4
3.3. Then, set the stimulating current to 20% above the supramaximal current, which is the intensity required to produce a maximal CMAP response.

3.3.1. MED: Talent sets the stimulating current to 20% above the supramaximal current. 

3.3.2. CU: Capture the settings inputted in the machine. THIS FOOTAGE CAN BE FOUND AT THE END OF 3.3.1 – TALENT POINTS TO A SINGLE NUMBER IN A BOX AT THE TOP OF THE SCREEN.
3.4. Slowly increase the stimulus intensity to ensure that the selected site exhibits the lowest threshold for stimulation to avoid volume conduction.

3.4.1. MED/CU: Talent slowly increases the stimulus intensity to ensure that the site exhibits the lowest threshold for stimulation. 

3.5. Then, apply conductive gel to the electrodes and position 10 mm gold disc electrodes in a belly tendon arrangement over each muscle.  Position the active electrode over the midpoint of the respective muscle ensuring a negative take-off of the CMAP response, and position the reference electrode over the base of the thumb for APB and FDI CMAP recordings and the base of digit 5 for ADM CMAP recordings. 

3.5.1. MED – Over the Shoulder: Talent applies conductive gel to the muscle sites to be measured. 

3.5.2. CU: Talent begins to position the electrodes. 3.5.3 & 3.5.4 CAN ALL BE FOUND IN THE ONE ACTION IN 3.5.2
3.5.3. CU: Talent positions the active electrode over the midpoint of each muscle. Talent then positions the reference electrodes over the three muscles in the hand as described above.  

3.5.4. MED: Capture the belly tendon arrangement of the electrodes on the patient. 

3.6. Set the distance between the stimulating cathode and active electrode for APB and ADM compound motor action potential responses to 5 cm and the distance to the FDI at 14 cm.

3.6.1. MED – Over the Shoulder: Talent sets the distance between the stimulating cathode and active electrodes to 5 cm and sets the distance to the FDI to 8 cm. THIS SHOT NEEDED TO BE DONE IN 3 X SHOTS. SEQUENTIALLY, 3.6.1 IS FIRST, 3.6.1 1B IS SECOND & 3.6.1 1A IS THIRD.
3.7. Next, prepare the neutral earth site by scrubbing the dorsal aspect of the hand with an abrasive gel to reduce skin resistance, then clean the site with an alcohol wipe. Position the electrosurgical neutral earth plate between the stimulating and G1 electrode with conductive gel. 

3.7.1. MED/CU: Talent scrubs the hand with abrasive gel then cleans the site with an alcohol wipe. 

3.7.2. MED/CU: Talent positions the electrosurgical neutral earth plate between the stimulating and G1 electrode using conductive gel. 

3.8. Set the filter between 3 Hz and 10 KHz and set the sweep speed to 20 ms. 

3.8.1. MED/CU: Talent sets filter between 3 Hz and 10 KHz, then sets the sweep speed to 20 ms. 

3.9. Then, ensure that the sensitivity for recording CMAP responses is set to 5 mV.

3.9.1. MED – Over the Shoulder: Talent enters settings for CMAP responses to 5 mV 

3.10. Monitor the temperature at the site of stimulation throughout the study and make sure that the limb temperature is maintained at 32 °C.  

3.10.1. MED: Talent checks the temperature at the site. 

3.10.2. CU: Shot of the temperature staying at 32oC. 
3.4 GOES HERE

3.3 GOES HERE

3.11
Record the size of the CMAP from the APB, ADM and FDI muscles.

3.11.1
MED – RECORDING THE SIZE OF THE CMAP.
4. Analysis and Interpretation
4.1. To begin analysis, measure baseline-to-peak CMAP amplitudes over the APB, FDI, and ADM muscles in ALS patients and the neuromuscular mimic disease controls.

4.1.1. MED – Over the Shoulder: Talent measures CMAP amplitudes for APB, FDI, and ADM muscles in patients and controls. 

4.2. Next, calculate the split-hand index by multiplying the CMAP amplitude recorded over the APB and FDI muscles, and dividing the product by the CMAP amplitude recorded over the ADM muscle.

4.2.1. MED – Over the Shoulder: Talent calculates the split-hand index. 

4.2.2. LAB MEDIA: Figure 1 (Video Editor: Display the formula. Highlight the numerator of the formula, then the denominator) 
4.3, 4.4 & 4.5 ARE TO BE REPLACED WITH A GRAPH / FIGURE SUPPLIED BY STEVE VUCIC. PLEASE CONTACT HIM FOR THIS.
4.3. Then, compare the split-hand index between ALS patients and neuromuscular mimic disorder pathological controls according to the standards for reporting diagnostic accuracy in order to determine the diagnostic utility of the split hand index.   

4.3.1. MED – Over the Shoulder: Talent compares the split-hand index between ALS patients and controls using the standards for reporting diagnostic accuracy. Show the standards the talent uses. 

4.4. Determine optimal diagnostic cutoff values for the split-hand index by using the receiver-operating characteristic, or ROC curves.  

4.4.1. MED – Over the Shoulder: Talent obtains diagnostic cutoff values. 

4.5. Then, derive the ROC curve by plotting the sensitivity and 1-specificity for split-hand index values derived from ALS and neuromuscular disorder patients. 

4.5.1. MED – Over the Shoulder: Talent creates ROC curve, plotting the sensitivity and 1-specificity values from ALS patients and control patients. 
5. Results: Split-Hand Index Reduced in Amyotrophic Lateral Sclerosis Patients 
5.1. In total, 44 patients were studied. Upon combining the CMAP amplitudes, it was evident that there was a significant reduction of the split hand index in ALS patients compared to neuromuscular disorder patients. 

5.1.1. LAB MEDIA: Figure 2A (Video Editor: Highlight the text for ALS, then NMS on the bar graph when prompted) 

5.2. While this reduction in the split-hand index was a ubiquitous finding in ALS, it was most pronounced in ALS patients with limb-onset disease.

5.2.1. LAB MEDIA: Figure 2B (Video Editor: Highlight text for LIMB when prompted) 

5.3. The split hand index robustly differentiated ALS from neuromuscular disorder patients, with an optimal diagnostic cut-off value of 5.2, as indicated by the dotted black lines. 

5.3.1. LAB MEDIA: Figure 3A (Video Editor: Highlight or zoom in on 5.2, then the dotted black lines). 

5.4. Importantly, the diagnostic utility of the split-hand index was greater in ALS patients with limb-onset disease.  

5.4.1. LAB MEDIA: Figure 3B 

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
6. Conclusion (said by authors on camera)
6.1 Author name Steve Vucic: After watching this video, you should have a good understanding of how to measure the split hand index by recording the maximal motor response from the APB, FDI and ADM muscle in the hand. Measurement of the split-hand index helps to differentiate ALS from mimic neuromuscular disorders with a cut-off value of 5.2. 
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, .eps, 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.
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