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Title: High-Frequency Ultrasound Imaging of Mouse Cervical Lymph Nodes
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) If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.- Yes, this has been done and provided.
C.  Which steps of your protocol will viewers benefit most from having filmed? Most important steps are all included – its a reasonable shoot day.
D.  Will the filming need to take place in multiple locations? (Y/N) __Yes, three locations about 500 yards apart.
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to use high-frequency ultrasound to visualize mouse cervical lymph nodes and use image guided ultrasound to conduct lymph node biopsies. (Intro)  
This is accomplished by first placing the anesthetized mouse in a supine position on the heated imaging platform and conducting all required animal-specific steps to prepare for imaging. (P1)   
The second step is to conduct high frequency ultrasound imaging of the mouse neck region to identify and visualize cervical lymph nodes. (P2)  
Next, an image-guided biopsy is performed on the cervical lymph nodes of interest. (P3)  
Ultimately, high frequency ultrasound imaging is used to analyze mouse cervical lymph nodes and identify and quantify normal and pathological changes using longitudinal monitoring in a variety of mouse models. (P4) 
Video editor:
This requsted animation comed directly from the authors, with my edits:

P1 - Show the mouse with nose cone laying on back with paws on gold-colored rectangles.  Next, sequentially add graphic layers that illustrate fur removal from the neck (pink region), then, application of ultrasound gel (blue color that will cover the pink region).

P2 - Have the transducer lower from the top of the screen (with blue connector attached) and make contact with the blue ultrasound gel.   Next, introduce an actual screen capture figure in the white space next to the mouse to show what the ultrasound of the region actually looks like.  Please use the 40 MHz image from Figure 1 in the manuscript for this purpose.  

P3 - Have the needle come in from the right as shown in the image (plunger down), having it to make contact and puncture the neck.  Animate the plunger withdrawing a dark blue substance into the syringe (add this color as plunger move upward), then have needle dispense the blue contents into a standard 1.5ml microfuge tube (stock image 3323).  At the same time all this is going on, please show the video associated with Figure 3 that demonstrates the biopsy as viewed by ultrasound.  (Walk et al biopsy – Zoom.avi)

P4 - Please show the pictures from Figure 3, panels D and E as examples of identified lymph nodes with the yellow circumscribing outlines to denote the nodes that will be analyzed.
[image: image1.emf]








B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Sarah McLaughlin: Visual demonstration of this method is critical as the mouse set up and biopsy steps require a fair degree of detail and precision to properly accomplish.   

1.2. Elyse Walk: We first had the idea for this method when we employed high-frequency ultrasound to monitor mouse tongue tumor formation, then realized that the method could be easily adapted to simultaneously monitor changes in the associated cervical lymph nodes.

1.3. Scott Weed: Though this method can provide insight into cancer-related changes of cervical lymph nodes in mice, it can also be used to monitor cervical lymphadenopathy in additional mouse model systems such as bacterial infection or autoimmune diseases. 
C. The Protocol Section (read by voice talent at JoVE)
1.4. EXTRA TITLE CARD: All animal procedures demonstrated in this protocol have been reviewed and approved by the West Virginia University Animal Care and Use Committee under protocols 11-0412 and 14-0514 and conducted in accordance with the principles and procedures outlined in the NIH Guide for the Care and Use of Animals.
2. Preparations
2.1. In preparation, preheat the imaging platform to 40 ºC [2.1.1 - WID] and plan to maintain it within a few degrees. [2.1.2 – MED]

2.1.1. establish the setting, talent approaches imaging platforms

2.1.2. turning on heat source for the platform
2.2. After anesthetizing the mouse, place it in a supine position on the imaging platform. [MED/TEXT]

2.2.1. positioning mouse, TEXT: 3% isofluorane in 1.5 L O2 / min

2.3. Next, attach a nose cone to maintain steady state sedation … [CU/TEXT]

2.3.1. Film as written, TEXT: 1.5% isofluorane in 1.5 L O2 / min
2.4. …then confirm the anesthesia using a toe pinch… [CU]

2.4.1. Film as written

2.5. 
2.5.1. 
2.6. … and apply ophthalmic ointment to the eyes. [CU]

2.6.1. film as written

2.7. Then, using tape and gel, attach the paws [2.6.1 - MED] to the ECG. [2.6.2 – CU]

2.7.1. preparing the ECG with gel
2.7.2. securing paw to ECG with tape, repeating on next paw

2.8. The next step is to insert a lubricated rectal temperature probe to maintain the mouse's temperature [2.7.1 – MED] within two degrees of 36.9 °C. [2.7.2 – CU]

2.8.1. inserting temp probe and looking at the read out, adjusting the heat on platform

2.8.2. the temp probe reading an acceptable temperature
2.9. Lastly, use depilatory cream to remove the fur from the neck and elsewhere.  [2.8.1 – MED]  Rinse the cream and hair off with water soaked gauze. [2.8.2 – CU]

2.9.1. preparing cream and dabbing it on mouse

2.9.2. distributing cream as needed, then washing it off with water, which removes hair
3. Imaging the Mouse Cervical Lymph Nodes Using HFUS in B-Mode
3.1. To begin, liberally apply a layer of warmed ultrasound gel [3.1.1 - MED] to the neck area devoid of fur.  Do not introduce air bubbles in the gel. [3.2.1 – ECU]

3.1.1. establish talent preparing gel to applicator or however prepared before applying to mouse

3.1.2. spreading around the gel, show enough detail to show absence of bubbles
3.2. Elyse Walk:  We have found that applying a liberal application of the ultrasound gel enhances imaging by preventing the transducer from pulling on the skin. [WID]

3.2.1. interview shot, at bench
3.3. Next, angle the imaging platform [3.2.1 - MED] to slightly elevate the mouse's head, which will improve the mouse's respiration rate. [3.2.2 – CU]

3.3.1. film as written

3.3.2. head of mouse rising relative to horizon as platform changes angle

3.4. Then, place the 40 MegaHertz transducer transversely in the mounting system [3.3.1 – CU/MED] and carefully lower it until the front of the scan-head is in the gel. [3.3.2 - CU]  Do not use excessive pressure, which would compromise breathing.  [3.3.3 – ECU]

3.4.1. film as written

3.4.2. film as written

3.4.3. show final stages of lowering the scan-head with enough detail to show the neck isn't pressed down

3.5. Using the software control, [3.5.1 – MED] adjust the brightness mode settings as follows: Set the gain to 22 dB, set the depth to 10.00 mm and set the width to 14.08 mm.  This will serve as the starting point. [3.5.2 – LM or CU]

3.5.1. talent gets situated to make changes on computer

3.5.2. LAB MEDIA: make a SCREEN CAPTURE showing changing brightness, etc.
Videographer, in this section, if the lab indicates that screen captures of the ultrasound controls i aren't feasible, do your best to get a CU of screen or (better yet) record direct video feed to monitor to tape. 
3.6. Adjust the tilt of the imaging platform to make both sides of the neck appear even in the B-mode image [CU/MED].
3.6.1. show tilting the platform in foreground with changes on screen in background
3.7. Now, to image the lymph nodes, use the Y-axis to scan the neck in a cranial to caudal manner towards the thoracic region. Use the X-axis to center the image.  [LM]

3.7.1. LAB MEDIA: SCREEN CAPTURE showing the step described above

3.8. Identify major landmarks, like the buccal cavity … [LM]

3.8.1. LAB MEDIA: Fig 3A

3.9. ... tongue … [LM]
3.9.1. LAB MEDIA: Fig 3B
3.10. … and thyroid gland. [LM]
3.10.1. LAB MEDIA: Fig 3C
3.11. 
3.11.1. 
3.12. Next, map the lymph nodes with a 3D scan of the entire neck region from the thyroid gland to the buccal cavity/tongue region.  [LM]

3.12.1. LAB MEDIA: SCREEN CAPTURE showing the step described above
3.13. Along the Y-scale, note the numerical location of the tongue/buccal cavity and the thyroid gland, and take the difference to know the length of the neck. [CU/MED]

3.13.1. Film the control knobs and show the numerical scale.
3.14. Then, center the transducer at the calculated mid-point of the neck. [ECU]

3.14.1. Included with 3.12.1.
3.15. Once centered, press “3D” and enter the calculated neck length as the scan distance. [CU]

3.15.1. talent operating computer control, presses “3D” on keyboard
3.16. Set the 3D step size to 0.076 mm. Then, press scan to acquire the image series stack for the entire neck region.[LM]

3.16.1. LAB MEDIA: SCREEN CAPTURE showing the step described above and in 3.14.  This was filmed on the computer screen, but a screen capture has been uploaded for use. Please use the provided screen capture (3-15-1_3D setup).
4. Cervical Lymph Node Biopsy
4.1. To elevate the mouse, either use a taller platform [4.1.1 - CU] or raise the platform with a plastic microfuge tube rack. [4.1.2 – CU]

4.1.1. film as written

4.1.2. film as written 
4.2. Start with selecting the largest visible lymph node for biopsy [4.2.1 – WID] and maintain a high frequency ultrasound image of it with the 50 MegaHertz transducer. [4.2.2 - CU]  The selected nodes should be larger than 10 cubic millimeters, or the biopsy will be very difficult to perform.  [4.2.3 – CU / LM]

4.2.1. Establishing shot of talent working at scanner, finding lymph node to biopsy Use 2nd take, ignore 1st take
4.2.2. holding/adjusting transducer on mouse neck to find lymph node Captured in 2nd take of 4.2.1
4.2.3. This is like the last section, either we get screen capture of the described action or we get a CU of the screen showing the action, in this case the selecting a lymph node to biopsy, several should be shown before the images settles on the best lymph node and an HFUS image is obtained of the selected lymph node
4.3. Now, attach a 1 ml syringe to a 27 Gauge, half inch needle [4.3.1 - CU] and place it into the syringe holder.  Orient the needle perpendicularly to the neck … [4.3.2 - MED]
4.3.1. film a s written Use take 2
4.3.2. film as written
4.4. …
4.4.1. 
4.4.2. 
4.5. and now, follow the text protocol to adjust the image for the biopsy. [MED]

4.5.1. talent gets image on screen just as needed for biopsy In addition, use LM
4.6. Next, adjust the needle holder until the needle tip comes into view and contacts the skin.  [LM]
4.6.1. LM - Needle advances against skin

4.7. Then, advance the needle with a firm, fast push to puncture the skin. [CU]

4.7.1. show the hand motion of making a puncture
4.8. Continue to advance the needle until the tip also punctures the capsule [4.7.1 - LM] and is visible within the medulla. [4.7.2 – LM]
4.8.1. LAB MEDIA – Combined in one video.  LAB MEDIA: Figure 4C
4.8.2. LAB MEDIA: Figure 4D 
4.9. Sarah McLaughlin: During biopsy, it is important to rapidly advance the needle in order to puncture the skin, then pause briefly before continuing with a second quick advance to puncture the lymph node capsule.

4.9.1. WID: interview with Sarah, at bench
4.10. Once the needle is in the lymph node, gently pull the plunger back [4.9.1 - CU] to between the 200 to 300 µL mark.  The biopsy material typically remains within the needle, and thus, is not visible within the syringe.  [4.9.2 – ECU]

4.10.1. film as written

4.10.2. show detail of syringe approaching .2 - .3 mL and what is below plunger in syringe (typically nothing) Use 4.9.1 Take 2
4.11. Then, gently remove the needle from the mouse [4.10.1 – CU] and expel the contents into a 1.5 ml microfuge tube. [4.10.2 – MED CU]

4.11.1. film as written

4.11.2. ejecting content into tube

4.12. Remove the needle from the syringe and put that into the tube as well. [CU]

4.12.1. film as written
4.13. Then, load one milliliter of biopsy media into the syringe ... [MED CU]
4.13.1. film as written
4.14. … reattach the needle, and expel the biopsy material into the tube. [CU]
4.14.1. film as written
4.15. After the procedure, be sure to monitor the mouse until it is fully active. [WID] [MED]
4.15.1. talent cleaning up mouse and monitoring it [WID] Take 1
Mouse awake and mobile in home cage [MED] Take 2
5. Image Analysis of Cervical Lymph Nodes
Video editor: For this section there is one video capture that covers the entire narrative: Section 4 Video – all steps.mp4.  There are time codes in the [brackets] to help guide you.

5.1. In the ultrasound software, [5.5.1 - WID] select the image for analysis [5.5.2 – MED] and navigate to the “Image Processing” tab. Choose “Load into 3D” [LM - 0:15] then, select “3D Reconstructed Image” in the top left corner and click on “Display Single Pane”. [LM - 0:30]

5.1.1. [combined with 5.1.2] establishing shot of talent at computer

5.1.2. view of talent opening images in software with screen in shot

5.1.3. LM: Section 4 Video – all steps.mp4

5.2. Use the zoom function to enlarge the image if desired.  Then, toggle the “Display Layout” button [LM - 0:47] to view the image in B-mode, which removes the view of the power Doppler overlay. This makes it easier to see the edges of the lymph node during subsequent 3-D analysis.  Scroll through the image series to locate the beginning of the lymph node.
5.2.1. LM: Section 4 Video – all steps.mp4
5.3. To circumscribe the lymph node, navigate to the “3D Settings” tab [LM - 1:12]. Select “volume”, then the “Start” button [LM - 1:23] next to “Parallel”.
5.3.1. LM: Section 4 Video – all steps.mp4 ***Please shorten or fast forward this part.  It is not necessary to see all the contours as they are drawn.  Just use as much as needed to make the timing match.
5.4. By scrolling around, draw contours around the area of interest within individual images.  Continue doing this until enough images are marked, so that the entire lymph node is marked.  Then, choose “Finish” [LM - 3:30] to complete the analysis.  At the bottom of the image, the 3D volume and % vascularity are automatically displayed.  
5.4.1. LM: Section 4 Video – all steps.mp4
5.5. Next, toggle the “Display Layout” button [LM - 3:42] to view the power Doppler image overlay. On the surface, observe a net view of the volume area of interest [LM - 3:50]. Ultimately, export the images in TIF format or export the 3D scans as AVI movies. [MED]

5.5.1. LM: Section 4 Video – all steps.mp4

5.5.2. talent working on computer, exporting images
E. The Results Section
6. Biopsy Processing
6.1. Using the described protocol, real-time high frequency ultrasound imaging allowed for guided fine needle biopsy of cervical nodes similar to what is conducted in clinical practice. [LM]

6.1.1. LAB MEDIA: Figure 4A - Placement of the biopsy needle and attached collection syringe to the controlling microinjector equipment

6.2. B-mode sonographs showed the ideal needle placement prior to biopsy. [LM]

6.2.1. LAB MEDIA: Figure 4B
6.3. The sonographs guided needle tip entry into a cervical lymph node… [LM]

6.3.1. LAB MEDIA: Figure 4C
6.4. …And the sonographs guided the needle position [6.4.1 - LM] during the biopsy. [6.4.2 - LM]

6.4.1. LAB MEDIA: Figure 4D
6.4.2. LAB MEDIA: Figure 4E – close up view
6.5. The biopsy components were processed using cytospin. Abundant lymphoid cell clusters and associated connective tissue were found, verifying a successful lymph node biopsy. [LM]

6.5.1. LAB MEDIA: Figure 4F

6.6. Computer-aided analysis of the high frequency ultrasound images provided information about the lymph node architecture, volume and vascular flow.  Using power Doppler mode and 3D volume measurements, the percent vascularity was calculated. [LM]
6.6.1. LAB MEDIA: Figure 5A
6.7. Additionally, 3D imaging allowed for virtual lymph node reconstruction, revealing the overall lymph node topography. [LM]
6.7.1. LAB MEDIA: Figure 5B
7. Conclusion 
7.1. Elyse Walk: Once mastered, this technique can be done in about 15 minutes/mouse if it is performed properly.

7.2. Sarah McLaughlin: After watching this video, you should have a good understanding of how to identify mouse cervical lymph nodes using high frequency ultrasound, and have knowledge on how to use image guided ultrasound to perform a lymph node biopsy.
G. List of Provided Media (provided by you)
For use with the schematc (A):

A- Jove platform with needle.ai- cartoon to be used for the introductory voice-over section

A- Walk et al biopsy –zoon.avi – video of actual lymph node biopsy to be used in voice-over section

A- 52718fig1.jpg- overview image of procedure.  Please use 40 MHz ultrasound image (the image the arrow is pointing to) for the appropriate voice over segment

A- 52718fig3.jpg- analysis of lymph nodes in ultrasound image- use in voice over section where indicated
5.1 – 5.5: Section 4 video all steps.mp4
Authors, you need to break up the multipanel images, e.g. fig 4.  Make separate image files for each panel used, eg. 6.7.1 is for panel B of figure 5, not all of figure 5.  Then, list those file names here please.
3-5-2_settings
3-7-1_Y Scan better
3-8-1_BC
3-9-1_Tongue
3-10-1_Thyroid
3-11-1_3D Scan
3-15-1_3D setup
4-2-3_Selecting LN
4-5-1_Needle
4-7-1_Biopsy – Zoom
6-1-1_Biopsy setup
6-2-1_Needle position
6-3-1_Biopsy entry
6-4-1_Biopsy
6-4-2_Biopsy Zoom
6-5-1_Cytospin
6-6-1_3D Power with text
6-7-1_3D Reconstruction
P2_40MHz
P3_Biopsy - Zoom
GENERAL PREPARATION NOTES
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.
 2015, Journal of Visualized Experiments


