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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (N) _________ If yes, please list make and model of your microscope: ______________________________

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 1.3); 2.1); 2.4); 2.5); 2.7); 2.8)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Aligning the needle correctly for the specific targeted intramyocardial injection site is the single most challenging part of this protocol. The optimal technique is to set up the orientation of mouse, transducer and needle prior to advancing the needle through the chest wall to minimize risk of off-target injection, procedural complication and unnecessary (and excessive) manipulation of the needle once placed in the animal’s body.

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to deliver an aliquot of injectate safely and accurately to a desired region of murine myocardium under ultrasound guidance. (Intro)
This is accomplished by first manipulating the transducer orientation so that it is aligned parallel to the axis of the delivery needle. (P1, Editor, begin with panel 1.  Start with the syringe in clamp, and then bring in the ultrasound probe and ‘align’ it as shown)
Next, the recumbent and anesthetized mouse is appropriately placed on the animal platform to facilitate targeted injection. (P2, Editor, transition from panel 1 by bringing the syringe and top of probe into panel 2 where the mouse is on animal platform.)
Then, the optimal acoustic window is defined for accurate delivery of injectate through minor adjustments to the animal platform and displaying a wide field of view. (P3, Editor, use panel 3 here.)
Finally, under ultrasound guidance, the needle tip is carefully advanced into the chest wall and myocardium and injectate is safely & effectively delivered. (P4, Editor, transition to panel 4, bring in the yellow needle as shown.)
Ultimately, cross-sectional microscopy of the murine myocardium is used to show the successful delivery of a tissue marker to the desired myocardial target. (P5, Editor, use Figure 6 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. Please keep all layers in the file (i.e., do not flatten the file).   

[image: image1.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Ma, Qing: The main advantage of this technique over existing methods, like myocardial injection through a lateral thoracotomy, is the absence of surgical morbidity and the ability to temporally control the timing of intervention.   

1.2. Author name Pu, William: This method can help answer key questions in the field of regenerative biology, such as those investigating therapeutic strategies for recovering myocardial performance in infarcted hearts.  

1.3. Author name Zhou, Pingzhu: Generally, individuals new to this method will struggle most with proficiency of on-target injection. Careful attention to detail in setting up needle alignment and the optimal acoustic window will ensure success.

1.4.  Author name Lin, Zhiqiang: We first had the idea for this method, when trying to devise a methodology for the regional knock-out of floxed genes in the adult murine myocardium.

1.5. Author name Prendiville, Terence: Visual demonstration of this method is critical as the integrated rail system, animal platform, injection syringe control and transducer clamp must all be spatially aligned correctly for accurate delivery of injectate.   

1.5.1. Interview style: Author saying the above 

1.5.2. Aibin He, a post doc looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Preparation for ultrasound-guided intramyocardial injection
2.1. TEXT ON WHITE BACKGROUND: These protocols were approved by the Institutional Animal Care and Use Committee of Boston Children’s Hospital.
2.1.1. TEXT of the above statement

2.2. After performing echocardiography to assess baseline cardiac anatomy place an empty syringe with a sheathed needle (TEXT: refer to text protocol for details), with the bevel oriented upwards, in the syringe clamp (fig 1C) and secure the ultrasound transducer probe in the scan-head clamp (fig 1B).

2.2.1. LAB MEDIA Image ‘mouse undergoing standard echo.tif’
2.2.2. WIDE Talent approaches injection setup with syringe and needle

2.2.3. MED/CU Talent places empty syringe with sheathed needle into syringe clamp, Videographer frame for inset of needle orientation

2.2.4. CU/ECU Shot showing sheathed needle with bevel oriented upwards, Editor, use as an inset with 2.3.3 with the VO, ‘with the bevel oriented upwards’

2.2.5. CU Talent secures the ultrasound transducer probe in the scan head clamp

2.3. Loosen the scan-head clamp ball lock joint (Figure 1B) and manipulate the transducer orientation so that it is aligned parallel to the axis of the needle. Fix the scan-head position by tightening the scan-head clamp ball lock joint.
2.3.1. MED/CU Talent loosens scan-head clamp ball lock joint and manipulates transducer orientation

2.3.2. MED Show the alignment of the scan head with relation to the needle

2.3.3. MED/CU Talent tightens the clamp ball lock joint

2.4. Next, liberally apply ultrasound gel to the transducer head.  Carefully unsheathe the needle and use the needle mount controls to advance the needle directly under the transducer and within the ultrasound gel for visualization.  
2.4.1. MED/CU Talent applies ultrasound gel to transducer head
2.4.2. CU Talent unsheathes the needle
2.4.3. MED/CU Talent uses needle mount controls to advance needle
2.4.4. CU Shot of needle as talent advances it directly under transducer head in gel
2.5. Use the needle mount control to make minor adjustments so that the needle can be clearly seen along its length on the ultrasound image.  Then use the scan height control to move the transducer superiorly from the animal platform to allow placement of the anesthetized mouse onto the animal platform (TEXT: do not disturb needle/transducer horizontal alignment).
2.5.1. CU Talent uses needle mount control to make minor adjustments
2.5.2. LAB MEDIA Image ‘step 2.6 (ultrasound of needle visible along its length)’
2.5.3. MED/CU Talent uses scan height control to move transducer to allow placement of mouse
2.6. Remove the syringe that was used for alignment from the syringe clamp and carefully discard it.   Load the new needle and syringe with the injectate to the final target volume, allowing for dead space in the syringe tip (TEXT: remove air bubbles).  
2.6.1. CU Talent removes syringe from clamp
2.6.2. CU Talent loads new needle with injectate, leaving dead space in tip
2.7. Place the syringe into the syringe clamp without adjusting its x-axis alignment, and use the injection control to fully retract the syringe.
2.7.1. CU Talent places syringe into syringe clamp 

2.7.2. MED/CU Talent uses injection control to fully retract syringe
3.  Intramyocardial Injection
3.1. Turn on the integrated warmer of the heating platform and set it for 37°C.  Place the animal platform 180 degrees from the usual imaging orientation, with the anesthesia hose clamp and head of the animal closest to the operator, which allows the heart to be ipsilateral to the syringe clamp and needle.
3.1.1. MED/CU Talent turns on warmer for heating platform and sets to 37°C
3.1.2. MED/CU Talent turns animal platform 180 degrees from imaging orientation, Videographer, have talent point out anesthesia hose clamp and where head of animal will be placed - and get enough footage; Editor, point out hose clamp and where animal’s head will be placed
3.2. After preparing the mouse for echocardiography and anesthetizing it in an induction chamber with 2% isoflurane, use hair removal cream to remove the chest hair and apply lubricating gel to the eyes.
3.2.1. WIDE Talent places anesthetized mouse onto bench to prepare for injection

3.2.2. MED/CU Talent wipes hair cream from mouse’s chest to remove hair

3.2.3. CU Talent puts lubricating gel in eyes

3.3. Place the anesthetized mouse supine atop the heated animal platform and attach a nose cone to deliver 1-3% isoflurane. 
3.3.1. MED/CU Talent places mouse on heated platform

3.3.2. CU Talent attaches nose cone

3.4. Gently insert a rectal probe and apply electrode gel to the four paws before taping them to the ECG electrodes.   
3.4.1. MED/CU Talent inserts rectal probe

3.4.2. MED/CU Talent finishes applying electrode gel to paws and tapes them to the ECG electrodes

3.5. Once the mouse is secure on the animal platform, lower the transducer onto the depilated chest.  
3.5.1. MED/CU Talent lowers platform onto chest
3.6. To obtain the optimal acoustic window for injection in the short-axis imaging plane, rotate the animal platform 20-30 degrees clockwise.
3.6.1. MED/CU Talent rotates animal platform 20-30 degrees clockwise

3.7. For a clear ultrasound of both the heart and the needle tip as it approaches the chest, apply plenty of ultrasound gel over the left side of the chest and optimize the acoustic window by using the echocardiography controls to set a wide field of view.  

3.7.1. CU Talent applies ultrasound gel over left side of chest

3.7.2. LAB MEDIA Figure ‘step 3.7’ for setting a wide field of view
3.8. Use the animal platform adjustment controls to pan back-and-forth from the apex to the base of the heart to target the desired injection location in the left ventricular myocardium.  Refer to the text protocol for view recommendations. (Fig 3A-C)
3.8.1. MED Talent uses platform adjustment controls to pan back and forth

3.8.2. LAB MEDIA Figure ‘step 3.8’ for desired injection location in the left ventricular myocardium
3.9. Next, starting with the syringe in the fully retracted syringe clamp, turn the injection control clockwise to slowly advance the syringe towards the animal’s chest. (Fig 4A)

3.9.1. MED/CU Talent turns injection control clockwise

3.9.2. CU Syringe slowly advances towards animal’s chest

3.10. Then, with appropriate sedation confirmed by a tail pinch, advance the needle through the chest wall of the mouse and into the myocardium, carefully observing the position of the beveled needle tip at all times.
3.10.1. CU Talent performs a tail pinch
3.10.2. CU Talent inserts needle through chest wall of mouse and into myocardium
3.10.3. LAB MEDIA Figure 4C
3.11. When the entire beveled needle tip is within the target myocardium, stop advancing the needle and slowly push on the syringe plunger to deliver the injectate (TEXT: inject up to 50 ul). A transient echobright appearance to the injected myocardial region may be evident after successful injection.  
3.11.1. LAB MEDIA Figure 4C
3.11.2. CU Talent slowly pushes on syringe plunger to deliver injectate
3.11.3. LAB MEDIA Transient echobright appearance.tif
3.12. Once the injectate has been administered, promptly rotate the injection control knob counterclockwise to withdraw the needle (TEXT: reposition needle for additional injections) before discarding it. 
3.12.1. CU Talent rotates the injection control knob counterclockwise
3.12.2. CU Needle is withdrawn
3.12.3. MED/CU Talent properly discards needle
3.13. Keep the animal under anesthesia for several minutes of echocardiographic observation to confirm preserved ventricular function and no post-procedural complications.
3.13.1. CU Animal lying on stage under anesthesia
3.14. After intramyocardial injection, place the mouse in a cage on its own and allow it to recover from anesthesia under observation.  When it has regained sternal recumbancy, place it in a heated cage with water and food.   

3.14.1. MED/CU Mouse recovering in cage

3.14.2. MED/CU Talent places mouse into heated cage with food and water

4. Results: Murine Intramyocardial Injection
4.1. This figure shows an example of a successful injection with blue dye infiltrating the myocardium at the level of the mid-papillary muscle (Fig 5A).  These panels (5C-F) illustrate multiple injection targets of red fluorescent microbeads in the anterior and posterior left ventricular walls.

4.1.1. LAB MEDIA Figure 5, Editor, point out 5A with the first sentence of the VO.  Also point out the dark spot in 5B as the ‘injection site’ with the first sentence.  For the second sentence, point out panels C and E, focusing on the red fluorescent regions

4.2. To visualize the delivery of adenovirus to myocardium by ultrasound-guided injection, an adenovirus was injected in which the cardiomyocyte-specific rat troponin T promoter drives expression of mammalian codon-optimized Cre.  The domain of Cre-mediated recombination was determined using Rosa26mTmG mice, in which Cre recombination turns off red fluorescent protein and turns on green fluorescent protein.  As shown here, a single 50 ul injection regionally activated GFP expression within 7 days.

4.2.1. LAB MEDIA Figure 6, Editor, with the last sentence, point out panels B and D in the areas of the fluorescent signal.
5. Conclusion (said by authors on camera)
5.1. Author name Zhou, Pingzhu: Once mastered, this technique can be done in 20 minutes if it is performed properly.

5.2. Author name Ma, Qing: While attempting this procedure, it’s important to remember to spend time aligning the optimal needle orientation prior piercing the chest wall.

5.3. Author name Prendiville, Terence: Following this procedure, other methods like tissue section microscopy can be performed in order to answer additional questions like the extent and effect of injectate delivery.

5.4. Author name Pu, William: After watching this video, you should have a good understanding of how to safely and accurately deliver an aliquot of injectate into a targeted region of murine myocardium.

5.5. Author name Lin, Zhiqiang: Don't forget that working with Adenovirus can be hazardous and precautions such as preparation of injectate under a biosafety cabinet should always be taken while performing this procedure.   

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.
step 2.3) fig 1C; fig 1B

step 2.4) fig 1B

step 3.1) fig 2A, fig 2B

step 3.8) fig 3A-3C

step 3.9) fig 4A

step 3.11) fig 4C (+ representative ultrasound images - to be attached)
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


