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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? Yes, presumably screen captures from 4.1

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

2.2, 2.4, 2.5, 3.1, 3.10 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?

The most difficult aspect of this procedure is to obtain a stable ECG signal. We ensure its success with a well-prepared setup.

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.  

Procedural Narrative:

The overall goal of this procedure is to generate multi-modality magnetic resonance image data sets for the comprehensive assessment of both cardiac function and morphology in rats (Intro).

This is accomplished by first attaching electrodes to the rat’s footpads (P1, Editor, begin with the animal figure in P2 with only the isoflurane mask and rat, then add the four electrodes and their wires to the paws and the temperature sonde. Then add the rectangular “animal holder” and pink “heating mat” next to the rat, and move the animal on top of the heating pad so the final image is as shown.)
Next, the animal is positioned into the MRI (P2, Editor, zoom out on the animal in the holder and place it in the 3 Tesla MRT box in P3 (replacing the upright rat that is shown in that box) and bring in the Monitoring panel below the MRT box).

Scanning is then initiated and multislice short axis Small Animal Look-Locker Inversion, or SALLI, recovery stacks are acquired (P3, Editor, bring in the MR-System computer on the left with the word gating with the VO ‘Scanning is then initiated’, then the arrow below it with the bottom rectangle with the text that includes SALLI stack with the VO that begins ‘and multislice short axis…’.  Leave the anesthesia box out since the animal has the mask on).

Finally, the images are reconstructed both online or offline (P4, Editor, from the SALLI stack rectangle, add another arrow to the right and scroll over to the reconstruction computer in P4 and then the arrow with the T1 maps).

Ultimately results can be obtained that allow the study of the function and morphology of the heart in a small animal model through cardiac magnetic resonance imaging. (P5, Editor, use the 4 panels in figure 3 here).

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.   
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P4:
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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.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   

1.1) Author name Sarah Jeuthe: This method can help answer key questions in the field of functional and morphological cardiac studies in small animals, such as myocarditis or cardiac infarction models in rodents.  

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.     

2. Tail Vein Cannula Insertion and Positioning of Electrodes

2.1. After anesthetizing a rat in an induction chamber filled with 5% isoflurane, check the level of sedation with a toe pinch, then weigh it. Attach a nose cone and deliver 2-3% isoflurane in oxygen (TEXT: 1L/min) to maintain anesthesia for the remainder of the procedure.  

2.1.1. WIDE Talent approaches bench near scale with sedated rat and places it down

2.1.2. CU Talent performs toe pinch 

2.1.3. additional shot MED: Talent places rat on scale

2.1.4. MED Talent places nosecone on rat’s face

2.1.5. CU Talent turns on isoflurane

2.2. With warm water and soap, wash the rat’s tail to make the blood vessels more visible.  Using a 22-24 gauge iv catheter, approximately 1/3 of the distance from the tip of the tail, cannulate either vein.  If attempts are unsuccessful, cannulate more proximally. 

2.2.1. CU Talent washes rat’s tail 

2.2.2. CU Talent points out blood vessels that have become more visible, points out 1/3 of the distance from the tip of the tail and then cannulates with iv catheter 
2.3. Take a blood sample for hematocrit analysis and use skin glue and tape to secure the iv catheter.  

2.3.1. CU Talent inserts catheter and takes a blood sample

2.3.2. additional shot CU: Talent takes blood sample

2.3.3. CU Talent secures catheter with tape 

2.4. Next, using alcohol or soap and water, clean the animal’s footpads. Then attach an electrode to the middle of each footpad and use adhesive tape to secure it in position.

2.4.1. CU Talent cleans animal’s footpads 

2.4.2. CU Talent attaches an electrode to a footpad and tapes it into position

2.5. To minimize the formation of loops that may cause interference with the ECG signal, twist the ECG cables tightly around each other.

2.5.1. MED/CU Talent twists ECG cables together

3. Positioning of Animal and Scan Protocol

      3.0. To maintain the rat’s body temperature at 381°C, first place a warming mat into the imaging 
container. Then insert the sensor of the thermometer in the anal orifice about 1-2 cm.

3.0.1. MED: Talent places warming mat in tube

3.0.2. CU: MED/CU Talent inserts thermometer

3.1. Then, place the rat in a supine or prone position into the imaging container.

3.1.1. MED/CU Talent places animal onto imaging container - canceled – 
3.2. Canceled (moved to 3.0)
3.3. canceled (moved to 3.0)

3.4. canceled (moved to 3.0 and 3.6.)

3.5. Used in this study is a Philips Ingenia 3.0T clinical MRI system with a 70 mm inner diameter solenoid coil (TEXT: refer to text protocol for further system details). Place the rat in a supine or prone position into the imaging container with its heart in the center of the coil. Then connect the ECG electrodes and wait for a stable signal before beginning imaging.

3.5.1. MED Shot of the MRI system

3.5.2. CU Shot of the coil

3.5.3. added shot: MED: Talent puts imaging container into the coil

3.5.4. added shot: CU: Talent connects ECG

3.6. Begin with a survey to locate the heart in the center of the MRI field of view.

3.6.1. SCREEN/LAB MEDIA Talent surveys to locate the heart in the center of the field of view

3.7. Once the position is correct, continue with two-chamber and four-chamber cine MRI views to determine the geometry of the stack of short axis images. 

3.7.1. SCREEN/LAB MEDIA Talent brings up a two chamber view 

3.7.2. SCREEN/LAB MEDIA Talent brings up a four chamber view - Editor, use a split screen to show 3.8.1 and 3.8.2 side-by-side and label ‘two chamber’ and ‘four chamber’

3.8. For SALLI, position a mid-cavity short axis slice on the two- and four-chamber images.  Use a combination of 4,000 ms acquisition and 4,000 ms relaxation durations to allow for sufficient recovery of magnetization along the z-axis and to prevent overheating of the gradients. 

3.8.1. SCREEN/LAB MEDIA Talent positions a slice on the two chamber image and then the four chamber image (then sets acquisition and relaxation durations)
3.8.2. Added SCREEN sets acquisition and relaxation durations

3.9. To enable functional analysis, set the phases to at least 12 with temporal under sampling at a factor of 2 to accelerate acquisition.

3.9.1. SCREEN Talent sets phases to 12 or above and temporal (under sampling at a factor of 2)

3.9.2. Added SCREEN and temporal under sampling at a factor of 2
3.10. Next, without moving the rat, inject the gadolinium-based contrast agent into the indwelling catheter, then wait five minutes to allow the blood pool signal in the LV cavity to decline.

3.10.1. CU Talent injects the contrast agent into the indwelling catheter

3.11. Establish SALLI as a multislice short axis stack, consisting of at least 7 slices 2.5 mm in thickness.  Position the slices so that the most distal is below the apex of the heart and the top level is just distal to the cardiac valves, ensuring that the short axes are perpendicular to the septum.

3.11.1. SCREEN Talent establishes SALLI as a short axis stack then positions the slices so that the most distal is below the apex of the heart and top is just distal to cardiac valves - talent point out on the screen the septum that is perpendicular to the short axes - Editor, point this out on the image with the VO

3.12. After approximately three rounds of SALLI, or in 30-minute intervals, inject additional doses of contrast agent.

3.12.1. MED OVER SHOULDER Talent watches screen as SALLI images are captured

3.12.2. CU Talent injects another dose of contrast agent into rat’s tail catheter

3.13. Finally, when image acquisition is complete, remove the rat from the scanner and allow it to recover from anesthesia before returning it to its cage in the housing facility.

3.13.1. MED Talent removes rat from catheter

3.13.2. CU Talent removes nose cone from rat

4. Image Reconstruction

4.1. For performing online reconstruction of images, a number of parameters need to be defined.  For T1 mapping, these include: the location and width of the reconstruction window within the cardiac cycle; and for IR-prepared images, the location and width of the inversion time window and number of images to be reconstructed within that window. (canceled, not shown in the video)
4.1.1. SCREEN/LAB MEDIA Talent defines location and width of reconstruction window within cardiac cycle for T1 mapping (canceled, not shown in the video)
4.1.2. SCREEN/LAB MEDIA Talent defines the location and width of the inversion time window and number of images to be reconstructed within window for IR-prepared images (canceled, not shown in the video)
4.2. For performing offline reconstruction of images choose the cardiac phase for which to extract the data; for example, T1 maps in the systolic or diastolic phase. 

4.2.1. SCREEN/LAB MEDIA Talent in Gyrotools chooses a cardiac phase and the T1 maps (canceled, shown in 4.3.1)
4.3. For performing offline reconstruction of images choose the cardiac phase for which to extract the data; for example, T1 maps in the systolic or diastolic phase.  Adjust the definition of the end-systole or end-diastole for T1 by selecting the corresponding cine image.

4.3.1. SCREEN/LAB MEDIA Talent adjusts definition of the end--systole or end-diastole for T1 by selecting the corresponding cine image

4.4. Use color maps to visualize T1 that provide exact values by mousing over an area of interest.  Finally, store the images in various image formats for further analysis.

4.4.1. SCREEN/LAB MEDIA Talent mouses over an area of interest on a T1 color map

4.4.2. SCREEN/LAB MEDIA Talent saves a file with a specific format

5. Results: Small Animal Look-Locker Inversion Recovery (SALLI) MRI 
5.1. The SALLI technique demonstrated in this video produces three types of images simultaneously.  The first are cine images that can be used to study local and global LV function. LV parameters that are assessed using a CMR software package include end systolic and end diastolic volumes, ejection fraction, and mass.  

5.1.1. LAB MEDIA Figure 3A and B 

5.1.2.  added:Salli cine.mov (if desired)
5.2. Multiple IR images with different nominal TIs are the second type of dataset acquired, from which the images with optimal nulling of normal myocardium can be selected. This ensures maximum enhancement of areas with focal myocardial fibrosis or scars, as necessary for LGE imaging. 

5.2.1. LAB MEDIA Figure 3D

5.3. Thirdly, as shown here, T1 maps are generated that should demonstrate homogenous relaxation times over healthy myocardium. Before administration of gadopentetate dimeglumine, myocardium has a shorter T1 than blood within the LV cavity. In the first minutes after administration of contrast agent, T1 of blood shortens more than that of myocardium. While the presented data from a healthy animal shows homogenous T1 behavior across the entire myocardium, in the presence of myocardial injury e.g. myocardial infarction, T1 is shortened in the affected region. T1 maps can be reconstructed for any phase of the cardiac cycle.

5.3.1. LAB MEDIA Figure 3C

5.4. In this figure, the top panel shows a pulse sequence scheme. After an adiabatic inversion pulse of 180°, image data for the first radial segment, represented by colored sectors of circles, are continuously sampled for consecutive cardiac phases, represented by circles of different sizes and heart cycles depicted by the different circle colors, during a predefined AD while magnetization recovers with a time constant T1* (solid line). Temporal resolution, for example, the number of cardiac phases, is theoretically limited by minimum repetition time. After a predefined RD, during which magnetization recovers without any readout-induced perturbations with a time constant T1 (dashed line), the process is repeated for the next radial segment and so on.

5.4.1. LAB MEDIA Figure 1 Editor, zoom in on the top panel and with the VO, ‘colored sectors of circles’, zoom in on a circle that is 1/4 shaded and point to the shaded region, then with the VO ‘circles of different sizes, point out the red, green, and blue large circles in one section, and then the next largest circles from each color group, then with the VO ‘heart cycles’ point out a group of similar color circles.  With the VO ‘recovers with a time constant T1*’ point out the solid portion of the line above the circles.  With the VO ‘during which magnetization recovers without any readout-induced…,’ point out the dashed portion of the line

5.5. In a first step of the reconstruction of T1 maps, raw images for the number of cardiac cycles encompassed by AD are reconstructed from all available image data acquired during a predefined time window within the R-R interval, for example, during systole. as a second step, pixel-wise nonlinear curve fitting is performed and the resulting T1* values are corrected for readout-induced deviation of the magnetization recovery curve to generate a T1 map from these raw images.

5.5.1. LAB MEDIA Figure 1a - Editor, zoom in on this panel when VO begins

5.6. For a predefined interval after inversion, for example, 100-300 ms, a set of IR-prepared images with predefined steps of inversion time, such as 25 msec, is reconstructed from all image data available within the interval

5.6.1. LAB MEDIA Figure 1b - Editor, zoom in on this panel at beginning of VO

5.7. As shown here, cine images for a predefined number of cardiac phases are reconstructed from all image data available beyond the time point at which all longitudinal magnetization within the field of view have recovered by at least 90%.    

5.7.1. LAB MEDIA Figure 1C - Editor, zoom in on this panel at start of VO

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)

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.

6.1 Author name Darach O h-Ici: Once mastered, this technique can be done in around 2 hours including animal preparation, scanning and image reconstruction if it is performed properly.

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 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:

P 1- Figure P1.png - Procedural Narrative P1

P 2- Figure P2.png - Procedural Narrative P2

P 3- Figure P3.png - Procedural Narrative P3

P 4- Figure P4.png - Procedural Narrative P4

3.7.1 survey.tiff-screen shot, Positioning of Animal and Scan Protocol
3.8.1 two chamber view.mov- Positioning of Animal and Scan Protocol

3.8.2 four chamber view.mov- Positioning of Animal and Scan Protocol

3.9.1 two and four chamber view.tiff-screen shot, Positioning of Animal and Scan Protocol

3.9.2 Acq. Dur. Relax. Dur.tiff- screen shot, Positioning of Animal and Scan Protocol

3.10.1 Heart Phases 12.tif – screen shot, Positioning of Animal and Scan Protocol

3.10.2 Unders. Factor 2 .tif –screen shot, Positioning of Animal and Scan Protocol

3.12.1 Salli multi slice stack.tif –screen shot, Positioning of Animal and Scan Protocol

4.3.1 selection of the image.systole.mp4 –offline reconstruction

4.4.1 T1 colour map.mp4 –offline reconstruction

4.4.2 saving data.mp4 –offline reconstruction

5.1.1- Figure 3a.tif - representative results

5.1.1 -Figure 3b.tif - representative results

5.1.2 Salli cine.mov - representative results

5.2- Figure 3d.tif - representative results

5.3- Figure 3c.tif - representative results

5.4-5.6 –SALLI scheme.pdf panel top, a-b –representative results 

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.

 2010, Journal of Visualized Experiments


