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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
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21149053


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. No  


Current Protocol Length
Number of Steps: 31
Number of Shots: 57

Introduction
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.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Maria Bauer: Our research focuses on heart failure with preserved ejection fraction, and the significant sex differences the disease manifests.
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. Maria Bauer: Diastolic dysfunction is a hallmark of HFpEF with indices that can be assessed using Doppler sonography without 2D echocardiography which is expensive and requires sophisticated equipment.
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. Maria Bauer: This protocol allows you to study established echocardiographic indices of HFpEF including E/A ratio, IVRT or E-wave deceleration 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. Maria Bauer: This technique lacks 2D visualization of the heart, and some markers of diastolic function are load dependent, a condition that is difficult to control for.
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. Maria Bauer: This is a low-cost technique that reliably detects disease progression over time in cardiopulmonary diseases that manifest diastolic dysfunction. 
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.


Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC)  at the Johns Hopkins University



Protocol  

2. Preparation and Setup of Electrocardiogram Monitoring in a Rodent Model
Demonstrator: Maria Bauer 


2.1. To begin, turn on the tablet connected to the ECG tracing pad [1]. Select RSMonitor from the available applications [2]. Then turn on the ECG pad by pressing the round button in front [3].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21149053
2.1.1. Talent powering on the tablet placed beside the electrocardiogram tracing pad.
2.1.2. SCREEN: Show the tablet home screen and tap on RSMonitor from the list of applications.
2.1.3. Talent pressing the round power button on the front of the electrocardiogram pad.
2.2. Tap SETTINGS in the right lower corner of the user interface [1]. Select PRESETS from the dropdown menu of experimental settings [2]. Tap the dropdown menu under Saved Presets [3]. Then choose Rat CV and click OK in the bottom right corner [4].
2.2.1. SCREEN: Display the user interface and tap SETTINGS in the lower right corner.
2.2.2. SCREEN: From the experimental settings dropdown menu, select PRESETS.
2.2.3. SCREEN: Tap the dropdown menu under Saved Presets.
2.2.4. SCREEN: Select Rat CV and click OK in the bottom right corner.
2.3. Now clean the ECG pad with 70 percent ethyl alcohol to remove any ECG gel residue [1]. Obtain highly conductive electrode gel for the electrocardiogram and water-soluble hypoallergenic ultrasound gel for the Doppler [2].
2.3.1. Talent wiping the electrocardiogram pad surface with 70 percent ethyl alcohol.
2.3.2. Shot of the electrode gel and ultrasound gel on the workspace.
2.4. Place the anesthetized animal supine on the noninvasive ECG pad with the nose positioned in the appropriately sized nose cone [1-TXT]. 
2.4.1. Talent positioning the anesthetized animal supine on the electrocardiogram pad with the nose secured in the nose cone. TXT: Vaporizer Output: 1.5 - 2%
2.5. Using a cotton-tipped applicator, apply a small amount of electrode gel to the dorsal surface of the forepaws and to the plantar side of the hind paws [1]. Secure the paws with tape on the electrode contact surface of the ECG pad [2-TXT]. 
2.5.1. Talent applying electrode gel to the forepaws and hind paws with a cotton-tipped applicator.
2.5.2. Talent taping the paws onto the electrode contact surfaces of the electrocardiogram pad. TXT: Ensure sufficient contact between the gel and the pad
2.6. Then use a gentle depilator cream to remove the chest and abdominal hair [1]. Wipe off any residual depilator cream to avoid skin irritation [2].
2.6.1. Talent applying depilator cream to the chest and abdomen of the animal.
2.6.2. Talent wiping off the depilator cream from the skin surface.
2.7. Ensure that the isoelectric baseline and the P, QRS, and T waveform are clearly displayed on the computer monitor [1].
2.7.1. SCREEN: Show the electrocardiogram tracing with a stable isoelectric baseline and visible P, QRS, and T waveforms on the monitor.


3. Noninvasive Doppler Echocardiography in Rodent Model

3.1. Create a new folder identifying the animal and the data of interest [1].
3.1.1. SCREEN: Show the desktop interface, right-click to create a New Folder, rename it with the animal and experiment identifiers, and confirm its creation.
3.2. Turn on the Pulsed Doppler Transceiver device using the power switches on the front and the back of the large blue box [1]. Then turn on the Doppler Signal Processor [2].
3.2.1. Talent switching on the front and rear power buttons of the large blue Pulsed Doppler Transceiver device.
3.2.2. Talent turning on the small black Doppler Signal Processor.
3.3. Now open the Doppler Signal Processing Workstation software [1]. Click on Setup and select System Setup [2].
3.3.1. SCREEN: Double-click on the Doppler Signal Processing Workstation icon to launch the software.
3.3.2. SCREEN: Click on Setup > System Setup.
3.4. Select the appropriate probe frequency for the experiment [1-TXT]. Plug in the 20-megahertz probe when investigating a young rat or mouse, or use a 10 megahertz probe for older, larger, or obese rats [2]. If both probes are connected, use the toggle switch on the front of the transceiver module to switch between frequencies as needed [3].
3.4.1. SCREEN: Select the probe frequency option. TXT: Frequency: 20 MHz (mice); 10 MHz (rats)
3.4.2. Talent connecting the appropriate handheld probe to the transceiver module.
3.4.3. Shot of the toggle switch on the front panel being used to alternate between probe frequencies.
3.5. Ensure that the handheld probe transducer is connected to channel A or B receptacle on the transceiver module [1]. Select the corresponding channel to operate the handheld probe [2]. Set the DIRECTION switch to TWD  (T-W-D) to display flow toward the probe above the zero-flow baseline [3].
3.5.1. SCREEN: Shot of the probe cable connected to channel A or B receptacle.
3.5.2. SCREEN: Shot of the channel selection switch set to 10 megahertz or 20 megahertz.
3.5.3. SCREEN: the DIRECTION switch being set to TWD.
3.6. Then adjust the RANGE to 2.5 to 3.5 millimeters for mice or 4 to 6 millimeters for rats [1]. Set FILTER to 15 to smooth the phasic velocity output to a damped signal [2].
3.6.1. SCREEN: The RANGE dial adjusted to the specified millimeter depth.
3.6.2. SCREEN: The FILTER control is being set to 15.
3.7. Press GO in the top left corner of the user interface [1]. In the pop-up window, enter the relevant acquisition information including animal type, gender, date of birth, age on acquisition date, and weight [2]. 
3.7.1. SCREEN: Click GO in the top left corner of the interface to open the acquisition window.
3.7.2. SCREEN: Enter the required acquisition information into the appropriate fields.
3.8. Select the desired pre-created folder from the Directory dropdown menu and click OK [1]. Adjust the ECG baseline by dragging the axis scale bar up or down and until the R waves are clearly visible [2].
3.8.1. SCREEN: Open the Directory dropdown menu, select the previously created folder and Click OK. 
3.8.2. SCREEN: Adjust the electrocardiogram baseline by dragging the scale bar vertically until the R waves are clearly visible.
3.9. To perform Doppler measurements, first apply a small amount of ultrasound gel to the substernal and epigastric region of the anesthetized animal’s chest and abdomen [1].
3.9.1. Talent applying ultrasound gel to the substernal and epigastric area of the animal.
3.10. Place the Doppler probe midline under the diaphragm just below the sternum with the head pointing cephalad toward the left ear of the animal [1]. Slowly scan for blood flow by moving the probe in small circular motions, with increasing radius [2].
3.10.1. Talent positioning the Doppler probe under the diaphragm with correct orientation.
3.10.2. Shot of the probe being moved in small circular motions over the gelled area.
AND
SCREEN: Blood flow is being detected. 
Video Editor: Please play both shots side by side in a split screen
3.11. Maintain gentle pressure of the probe against the skin under the diaphragm at all times [1].
3.11.1. Talent holding the probe steadily with gentle pressure applied to the skin.
3.12. If mitral flow is not detected, adjust the RANGE dial in increments of 0.5 millimeters [1] until the transmitral waveform is identified [2].
3.12.1. SCREEN: Talent turning the RANGE dial in 0.5 millimeter increments.
3.12.2. SCREEN: Mitral waveform is being seen. 
3.13. Ensure that the Doppler waveform and the electrocardiogram are displayed simultaneously on the screen [1].
3.13.1. SCREEN: Display both the Doppler waveform and the electrocardiogram tracing simultaneously on the monitor.
3.14. Create snapshots using the foot pedal once the correct flow is identified [1-TXT]. Stop data acquisition by clicking STOP when satisfied with the data quality [2].
3.14.1. Talent pressing the foot pedal to capture a snapshot. TXT: Repeat until optimal data quality is recorded
3.14.2. SCREEN: Click on STOP in the upper right corner of the interface.
4. Electrocardiogram Acquisition in Rodent Model

4.1. Click on File and select Open from the dropdown menu [1]. Choose the highest quality data file from the pre-created folder for analysis [2].
4.1.1. SCREEN: Click on File > Open .
4.1.2. SCREEN: Navigate to the pre-created folder and select the highest quality data file.
4.2. Now press on Analysis , choose Step 2: General Setup and set Data type to Doppler [1]. Then set Signal to Mitral Inflow, select the appropriate animal model and choose All measurement names under default measurement names [2].
4.2.1. SCREEN: Click on Analysis> Step 2: General Setup then set Data type to Doppler. 
4.2.2. SCREEN: Under Signal, select Mitral Inflow, select the appropriate animal model and choose All measurement names under default measurement names. 
4.3. Select Step 5: R peak editor from the Analysis Control dropdown menu [1]. Enable Display beat and R peak markers and click Auto calculate [2].
4.3.1. SCREEN: Open the Analysis Control dropdown menu and select Step 5: R peak editor.
4.3.2. SCREEN: Check Display beat and R peak markers then click Auto calculate
4.4. Now choose Step 6: Beat editor from the Analysis Control dropdown menu, enable Display beat and R peak markers and click Select all beats [1]. Next, choose Step 7: Marker editor, click Display analysis markers and choose the desired parameter under Current Marker Selected [2]. Ensure the given parameters are available for the completeness of data [3].
4.4.1. SCREEN: Choose Step 6: Beat editor from the dropdown menu, Check Display beat and R peak markers and Click Select all beats
4.4.2. SCREEN: Select Step 7: Marker editor from the dropdown menu, Click Display analysis marker and Choose a parameter under Current Marker Selected.
4.4.3. SCREEN: Sequentially verify that ES, EPV, EEAS, APV, AE, IVCTE, and IVRT markers are displayed on the waveform.
AND
TEXT ON PLAIN BACKGROUND:
Parameters:
ES: early start. 
EPV: early peak velocity. 
EEAS: early end, atrial start. 
APV: atrial peak velocity. 
AE: atrial end. 
IVCTE: isovolumic contraction time end. 
IVRT: isovolumic relaxation time start
Video Editor: Please play both shots side by side in a split screen

4.5. Select Step 8: Measurement results, click Copy Results to Clipboard to copy the data into an Excel file and save the Excel file [1]. After closing the Analysis Control window, press File and select Save to store the performed measurements [2]. Exit the Doppler Signal Processing Workstation [3].
4.5.1. SCREEN: Select Step 8: Measurement results from the dropdown menu, Click Copy Results to Clipboard and paste the data into an open Excel file then Save the Excel file in the designated folder. 
4.5.2. SCREEN: Click on File and select Save to save the measurements.
4.5.3. SCREEN: Exit the Doppler Signal Processing Workstation.
4.6. Remove the tape from the animal’s paws after turning off the vaporizer [1]. Then remove the animal from the electrode pad [2].
4.6.1. Talent gently removing tape from the animal’s paws.
4.6.2. Talent lifting the animal carefully from the electrocardiogram pad.
4.7. Clean off any remaining depilator cream and electrode gel from the animal [1]. Then transfer the animal back into its cage with free access to water and food [2-TXT].
4.7.1. Talent wiping the animal’s skin to remove residual cream and gel.
4.7.2. Talent placing the animal back into its cage with visible water and food sources. TXT: Monitor recovery and clean the anesthetizing chamber 
4.7.3. 

Results

5. Results 

5.1.  Antegrade and retrograde flow patterns related to the opening and closing of the mitral and aortic valve were visualized within the same cardiac cycle over multiple cycles [1].
5.1.1. LAB MEDIA: Figure 1. 
5.2. Multiple indices were derived from the biphasic flow pattern [1].
5.2.1. LAB MEDIA: Figure 2. 	Video editor: Please sequentially highlight each graph
5.3. The isovolumic relaxation time was prolonged in the heart failure with preserved ejection fraction model and represented the earliest echocardiographic manifestation of pulmonary hypertension due to left heart disease [1].
5.3.1. LAB MEDIA: Figure 3. Video editor: Highlight the red data points in the Final group that are positioned higher
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