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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21719708
3. Filming location: Will the filming need to take place in multiple locations? No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes

Current Protocol Length
Number of Steps: 15
Number of Shots:  51

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Note: The statements have been edited for length and clarity

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Gajalakshmi Singuru: Our research focuses on assessing cardiac function in mice, with particular emphasis on diastolic function during heart failure.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Gajalakshmi Singuru: Current methods are invasive or complex; this protocol offers a simple, non-invasive, and reproducible approach to assess diastolic function.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Gajalakshmi Singuru: This protocol enables accurate measurement of cardiac structure, function, and diastolic parameters in live mice over time.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Gajalakshmi Singuru: Maintaining a stable heart rate and anesthesia is critical for acquisition of clear and reliable Doppler signals.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Gajalakshmi Singuru: Future studies may use this method to investigate novel therapies and improve understanding of heart failure mechanisms.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Videographer: Obtain headshots for all authors available at the filming location.




`Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.


What problem in your field of research does your JoVE article address?
1.6. Gajalakshmi Singuru, Postdoctoral Research Fellow, Mayo Clinic: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What value do you expect this video article to have for other researchers working in your field?
1.7. Gajalakshmi Singuru, Postdoctoral Research Fellow, Mayo Clinic: (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Mayo Clinic, Rochester 



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Pre-Imaging Preparation of Mouse
Demonstrator: Gajalakshmi Singuru 
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21719708

2.1. To begin, position the C57BL/6NJ (C-fifty-seven-B-L-six-N-J) control mouse on a clean surface [1]. Use depilatory cream to remove the chest hair 24 to 48 hours before imaging [2]. Clean the thoracic region thoroughly using damp gauze [3].
2.1.1. WIDE: Talent placing the mouse on a clean surface. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent applying depilatory cream on the chest region of the mouse.
2.1.3. Talent cleaning the thoracic region with damp gauze.
2.2. Ensure complete hair removal from the thoracic region [1]. Allow skin irritation or redness to resolve fully before imaging [2]. Prepare the imaging system [3], anaesthesia setup [4], and monitoring equipment before induction [5].
2.2.1. Talent inspecting the thoracic region for remaining hair.
2.2.2. CU: Shot of the thoracic skin after redness has resolved.
2.2.3. Talent preparing the imaging system.
2.2.4. Talent preparing the anesthesia setup.
2.2.5. Talent checking the monitoring equipment.
2.3. Select the Cardiac Imaging Preset [1]. Set the imaging depth to 2 to 2.5 centimetres [2], set the frame rate to at least 200 frames per second [3], and adjust the gain to optimize myocardial visualization [4].
2.3.1. SCREEN: Show the imaging system interface and select the cardiac imaging preset.
2.3.2. SCREEN: Show the imaging depth being adjusted between 2 to 2.5 cm.
2.3.3. SCREEN: Show the frame rate set to at least 200 frames per second.
2.3.4. SCREEN: Show the gain adjusted until the myocardium is clearly visible.
2.4. For anaesthesia, place the mouse in an induction chamber with calibrated vaporizer [1] and induce using 2 to 3 percent isoflurane in oxygen [2]. Place the mouse supine on a temperature-controlled platform [3]. Maintain the anaesthetic dose at 1 to 1.5 percent isoflurane through a nose cone [4]. Secure the limbs to electrocardiogram electrodes [5].
2.4.1. Talent placing the mouse in an induction chamber with vaporizer for anaesthesia induction.
2.4.2. Talent initiating anesthesia with 2 to 3 percent isoflurane in oxygen.
2.4.3. Talent placing the mouse supine on the temperature-controlled platform. 
2.4.4. Talent positioning the nose cone to maintain anesthesia at 1 to 1.5 percent isoflurane. 
2.4.5. Talent securing the limbs to the electrocardiogram electrodes.
2.5. Apply ophthalmic lubricant to prevent corneal drying [1]. Monitor heart rate and respiratory rate continuously [2].
2.5.1. Talent applying ophthalmic lubricant to the mouse eyes.
2.5.2. Shot of the heart rate and respiratory rate readouts on the monitor.
2.6. Maintain the heart rate at approximately 450 to 500 beats per minute to ensure separation of Doppler early, or E and atrial, or A waves [1]. Ensure the respiratory rate is at 80 to 120 breaths per minute [2] and body temperature at 37 plus or minus 0.5 degrees Celsius [3]. Adjust the isoflurane concentration incrementally by plus or minus 0.1 to 0.2 percent to maintain stability [4].
2.6.1. SCREEN: Show the heart rate maintained near 450 to 500 beats per minute with clear Doppler E and A wave separation.
2.6.2. SCREEN: Show respiratory rate maintained between 80 and 120 breaths per minute.
2.6.3. SCREEN: Show body temperature maintained at 37 plus or minus 0.5 degrees Celsius.
2.6.4. Talent adjusting the isoflurane concentration incrementally.

3. Imaging Workflow

Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21719708

3.1. To capture the brightness mode, or B-mode image, position the transducer along the sternum for parasternal long-axis view [1]. Acquire cine loops or continuous video recordings showing cardiac chambers and wall motion over several cardiac cycles [2].
3.1.1. WIDE: Talent positioning the transducer along the sternum. (Authors: Could you please specify the orientation of the transducer relative to the sternum at the time of filming?)
3.1.2. SCREEN: Show continuous video recordings of cardiac chambers and wall motion over several cardiac cycles.
3.2. Next, to capture the motion mode, or M-mode image, position the transducer to obtain a parasternal short-axis view at the level of the papillary muscles [1]. Confirm that the left ventricle appears like a donut with the base of 2 papillary muscles visible at the 4 o’clock and 8 o’clock positions [2].
3.2.1. Talent positioning the transducer for the parasternal short-axis view.
3.2.2. SCREEN: Show the left ventricle in short axis with the bases of 2 papillary muscles visible at the 4 o’clock and 8 o’clock positions.
3.3. Align the M-mode cursor perpendicular to the interventricular septum and posterior wall [1]. Record 3 to 5 cardiac cycles [2] and save them for analysis [3].
3.3.1. SCREEN: Show the M-mode cursor aligned perpendicular to the interventricular septum and posterior wall.
3.3.2. SCREEN: Show recording of 3 to 5 cardiac cycles.
3.3.3. SCREEN: Show the recorded cardiac cycles being saved for analysis.
3.4. For the Left Ventricular Outflow Tract, or LVOT (L-V-O-T) imaging, activate color Doppler to visualize flow at the aortic level [1]. Align the Doppler beam parallel to flow in the left ventricular outflow tract [2]. Record pulsed-wave Doppler signals over 3 to 5 cardiac cycles [3].
3.4.1. SCREEN: Show color Doppler activated with flow visible at the aortic level.
3.4.2. SCREEN: Show the Doppler beam aligned parallel to flow in the left ventricular outflow tract.
3.4.3. SCREEN: Show pulsed-wave Doppler signals recorded over 3 to 5 cardiac cycles.
3.5. For mitral inflow imaging, obtain an apical four-chamber view [1] and place the pulse Doppler sample volume at the tips of the mitral valve leaflets [2]. Record E and A waves at a speed of 200 to 300 millimeters per second [3].
3.5.1. SCREEN: Show the apical four-chamber view on the imaging system.
3.5.2. SCREEN: Show the pulse Doppler sample volume placed at the tips of the mitral valve leaflets.
3.5.3. SCREEN: Show E and A waves recorded at 200 to 300 millimeters per second.
3.6. For tissue doppler imaging, position the sample volume at the septal mitral annulus [1]. Record early or e’ (E-prime) and late or a’ (A-prime) tissue diastolic velocities over multiple cardiac cycles [2].
3.6.1. SCREEN: Show the sample volume positioned at the septal mitral annulus.
3.6.2. SCREEN: Show early e prime and late a prime tissue diastolic velocities recorded over multiple cardiac cycles.
4. Animal Recovery and Image Analysis

Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21719708

4.1. Discontinue anaesthesia [1] and remove ultrasound gel [2]. Place the mouse in a warm recovery cage [3] and monitor until it is fully ambulatory before returning to housing [4]. 
4.1.1. Talent discontinuing anaesthesia.
4.1.2. Talent removing the applied ultrasound gel from the mouse skin.
4.1.3.  Talent placing the mouse in the warm recovery cage.
4.1.4. Shot of mouse recovering and becoming fully ambulatory.
4.2. For image analysis, open the analysis software [1] and load the cine loop [2]. Measure ventricular dimensions at end-diastole [3] and end-systole [4]. 
4.2.1. SCREEN: Show the analysis software opening.
4.2.2. SCREEN: Show the cine loop being loaded into the analysis software.
4.2.3. SCREEN: Show measurement of ventricular dimensions at end-diastole.
4.2.4. SCREEN: Show measurement of ventricular dimensions at end-systole.
4.3. Measure E and A wave velocities [1] and calculate the E to A ratio [2]. Measure e’ velocity [3] and calculate the E to e’ ratio [4]. Average measurements over 3 to 5 cardiac cycles [5].
4.3.1. SCREEN: Show measurement of E and A wave velocities.
4.3.2. SCREEN: Show calculation of the E to A ratio.
4.3.3. SCREEN: Show measurement of e’ velocity.
4.3.4. SCREEN: Show calculation of the E to e’ ratio.
4.3.5. SCREEN: Show measurements averaged over 3 to 5 cardiac cycles.

Results
5. Results 

5.1. Motion mode, or M-mode imaging at the papillary muscle level enabled measurement of left ventricular internal dimension, or LVID (L-V-I-D) [1], left ventricular anterior wall, or LVAW (L-V-A-W) [2] and left ventricular posterior wall, or LVPW (L-V-P-W) dimensions [3]. (Authors: Could you please provide enhanced-resolution figures and the specific physiological values obtained from the ultrasound analysis? Also, there seems to be a minor discrepancy between the legends and the corresponding figures for 2, 3, and 4. Would you be able to take a look and confirm the alignment?)
5.1.1. LAB MEDIA: Figure 4B. Video editor: Highlight the region and arrow labelled LVID
5.1.2. LAB MEDIA: Figure 4B. Video Editor: Highlight the region and arrow labelled LVAW
5.1.3. LAB MEDIA: Figure 4B. Video Editor: Highlight the region and arrow labelled LVPW
5.2. Doppler imaging showed distinct mitral inflow early, or E and atrial, or A waves for calculation of the E/A ratio [1].
5.2.1. LAB MEDIA: Figure 5C. Video editor: Highlight the two wave labels marked E and A
5.3. Tissue Doppler imaging showed myocardial velocity patterns with measurable early and atrial components for E/e prime assessment [1].
5.3.1. LAB MEDIA: Figure 6. Video editor: Show the whole image and highlight the regions marked E and A 
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