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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

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

3. 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.

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 07/31/26


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  24
Number of Shots:  60 (47 SC) 

Interviews 

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. Matthew Douglass:  We use a preterm lamb model and echocardiography to study cardiac function and pulmonary hypertension after preterm birth.
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. Matthew Douglass:  This protocol addresses a gap in preterm cardiopulmonary models by enabling longitudinal, noninvasive assessment of cardiac function and pulmonary hypertension.
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. 
1.1. 
1.2. 
1.3. 
1.4. Matthew Douglass: This protocol allows researchers to serially quantify cardiac performance and echocardiographic markers of pulmonary hypertension in preterm and neonatal lambs.
1.4.1. 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.
1.5. Matthew Douglass: Standardized and adequate sedation is important during the procedure for ensuring reproducibility and study subject comfort.
1.5.1. 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.
1.6. Matthew Douglass: Future studies should establish normative echocardiographic data under standardized conditions to assess responses to interventions.
1.6.1. 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 University of Utah’s Institutional Animal Care and Use Committee



Protocol  
2. Obtaining Standard Ultrasound Apical Views in Lamb
Demonstrator: Matthew Douglass

2.1. To begin, position the lamb in a sling and configure the ultrasound system while continuously monitoring vital signs to ensure safe echocardiographic imaging [1]. Adjust the lamb and transducer positions as needed to obtain optimal transthoracic echocardiographic views [2]. Position the transducer in the 5th to 6th intercostal space [3].
2.1.1. WIDE: Talent positioning the lamb in a sling and configuring the ultrasound system.	Comment by Poornima  G: Authors: These are representative shots only, to give an idea of what the setup looks like
2.1.2. Talent adjusting the transducer position on the lamb.
2.1.3. Talent positioning the transducer in the 5th to 6th intercostal space.
2.2. Point the transducer toward the right shoulder [1] and dorsally toward the lamb’s left ear [2].
2.2.1. Talent angling the transducer toward the right shoulder.
2.2.2. Talent orienting the transducer indicator dorsally toward the lamb’s left ear.
2.3. To obtain the standard apical four-chamber view, fan the transducer tail caudally [1] and rotate the transducer clockwise or counterclockwise as needed [2]. Continue adjusting until the maximal outer margins of the right and left ventricles are visible [3] and the right and left atria are visualized without foreshortening [4]. Confirm that the tricuspid and mitral valves are visible and that the left ventricular outflow tract is not visible [5].
2.3.1. Talent fanning the transducer tail caudally.
2.3.2. Talent rotating the transducer clockwise or counterclockwise as needed.
2.3.3. SCREEN: Show the maximal outer margins of the right and left ventricles.
2.3.4. SCREEN: Show the right and left atria visualized without foreshortening.
2.3.5. SCREEN: Show the tricuspid and mitral valves visible without the left ventricular outflow tract.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: 	Comment by Poornima  G: Authors: Would you be providing screen recordings for the shot labeled as SCREEN, or would you be providing actual ultrasound videos? Please let me know. 

Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE 

2.4. Once the apical four-chamber view is obtained, record a cine loop of at least 3 cardiac cycles, with 5 to 7 cycles preferred [1]. Use the cine loop to measure the right atrial and left atrial dimensions, the right ventricular dimensions, the right ventricular fractional area change, the subjective septal position, and the left ventricular ejection fraction [2].
2.4.1. SCREEN: Record a cine loop of at least 3 cardiac cycles, with 5 to 7 cycles preferred.
2.4.2. SCREEN: Show the cine loop used to measure the right atrial and left atrial dimensions, the right ventricular dimensions, the right ventricular fractional area change, the subjective septal position, and the left ventricular ejection fraction.
2.5. Measure the tricuspid annular plane systolic excursion by aligning the cursor with the lateral tricuspid annulus [1] and recording an M-mode tracing [2]. Measure the mitral annular plane systolic excursion by aligning the cursor with the lateral mitral annulus [3] and recording an M-mode tracing [4].
2.5.1. SCREEN: Align the cursor with the lateral tricuspid annulus.
2.5.2. SCREEN: Record the M-mode tracing for the tricuspid annular plane systolic excursion.
2.5.3. SCREEN: Align the cursor with the lateral mitral annulus.
2.5.4. SCREEN: Record the M-mode tracing for the mitral annular plane systolic excursion.
2.6. While maintaining the apical four-chamber view, add color Doppler [1]. Position the cursor as parallel to the Doppler flow as possible, ideally with an angle of insonation of less than 20 degrees [2].
2.6.1. SCREEN: Add color Doppler while maintaining the apical four-chamber view.
2.6.2. SCREEN: Position the cursor as parallel to the Doppler flow as possible, ideally with an angle of insonation of less than 20 degrees.
2.7. Assess the tricuspid regurgitation presence and the peak velocity by placing the region-of-interest box over the tricuspid valve [1]. Align the cursor parallel with the color signal through the tricuspid valve [2] and record a continuous-wave Doppler tracing [3].
2.7.1. SCREEN: Place the region-of-interest box over the tricuspid valve.
2.7.2. SCREEN: Align the cursor parallel with the color signal through the tricuspid valve.
2.7.3. SCREEN: Record a continuous-wave Doppler tracing.
2.8. Assess the mitral regurgitation presence and the peak velocity by placing the region-of-interest box over the mitral valve [1]. Align the cursor parallel with the color signal through the mitral valve [2] and record a continuous-wave Doppler tracing [3].
2.8.1. SCREEN: Place the region-of-interest box over the mitral valve.
2.8.2. SCREEN: Align the cursor parallel with the color signal through the mitral valve.
2.8.3. SCREEN: Record a continuous-wave Doppler tracing.
2.9. Measure the mitral valve inflow E and A waves and the E-to-A ratio by placing the region-of-interest box over the mitral valve [1]. Align the cursor parallel with the color signal through the mitral valve inflow [2]. Position the sample gate at the tips of the open mitral valve leaflets during diastole [3] and record a pulsed-wave Doppler tracing [4].
2.9.1. SCREEN: Place the region-of-interest box over the mitral valve.
2.9.2. SCREEN: Align the cursor parallel with the color signal through the mitral valve inflow.
2.9.3. SCREEN: Position the sample gate at the tips of the open mitral valve leaflets during diastole.
2.9.4. SCREEN: Record a pulsed-wave Doppler tracing.
2.10. While maintaining the apical four-chamber view and the apical position of the transducer, rotate the transducer counterclockwise around the left ventricular axis approximately 45 degrees to 90 degrees [1]. Continue rotating until the right atrium and right ventricle drop out [2] and the left ventricular-focused apical two-chamber view showing the left ventricle and left atrium becomes visible [3].
2.10.1. Talent rotating the transducer counterclockwise around the left ventricular axis.
2.10.2. SCREEN: Show the right atrium and right ventricle dropping out.
2.10.3. SCREEN: Show the left ventricular-focused apical two-chamber view with the left ventricle and left atrium visible.
2.11. Record a cine loop of at least 3 cardiac cycles, with 5 to 7 cycles preferred, in the left ventricular-focused apical two-chamber view [1]. Use the cine loop for the left ventricular ejection fraction by Simpson’s method [2].
2.11.1. SCREEN: Record a cine loop of at least 3 cardiac cycles, with 5 to 7 cycles preferred, in the left ventricular-focused apical two-chamber view.
2.11.2. SCREEN: Show the cine loop used for the left ventricular ejection fraction by Simpson’s method.
2.12. Return to the standard apical four-chamber view [1]. Tilt the transducer anteriorly with slight rotational adjustments until the left ventricular outflow tract becomes visible [2].
2.12.1. SCREEN: Show the standard apical four-chamber view.
2.12.2. Talent tilting the transducer anteriorly with slight rotational adjustments.
2.13. Measure the left ventricular outflow tract velocity time integral by aligning the cursor parallel with the left ventricular outflow [1]. Place the gate just proximal to the aortic valve annulus [2] and obtain a pulsed-wave Doppler tracing to determine the left ventricular outflow tract velocity time integral [3].
2.13.1. SCREEN: Align the cursor parallel with the left ventricular outflow.
2.13.2. SCREEN: Place the gate just proximal to the aortic valve annulus.
2.13.3. SCREEN: Obtain a pulsed-wave Doppler tracing to determine the left ventricular outflow tract velocity time integral.




3. Obtaining Parasternal Short- and Long-Axis Views

3.1. Place the transducer between the 4th and 5th intercostal spaces near the sternum with the indicator oriented dorsally and slightly caudally [1].
3.1.1. WIDE: Talent placing the transducer between the 4th and 5th intercostal spaces near the sternum with the indicator oriented dorsally and slightly caudally.
3.2. Fine-tune the parasternal short-axis view by sliding the transducer away from the sternum [1]. Apply a slight rotation in either direction [2] and fan the transducer tail cranially or caudally until a parasternal short-axis view of the aortic valve en face is visible [3].
3.2.1. Talent sliding the transducer away from the sternum.
3.2.2. Talent slightly rotating the transducer in either direction.
3.2.3. SCREEN: Show the parasternal short-axis view of the aortic valve en face becoming visible.
3.3. With the aortic valve en face centered in the view, fan the transducer tail until the right ventricular outflow tract and the pulmonary artery become visible [1].
3.3.1. SCREEN: Show the right ventricular outflow tract and the pulmonary artery becoming visible as the transducer tail is fanned.
3.4. Return to the parasternal short-axis view of the aortic valve en face [1] and fan the transducer tail toward the head to obtain the parasternal short-axis view at the level of the mitral valve [2]. Continue fanning until reaching the level of the mid-papillary muscles [3].
3.4.1. SCREEN: Show the parasternal short-axis view of the aortic valve en face.
3.4.2. SCREEN: Show the parasternal short-axis view at the level of the mitral valve.
3.4.3. SCREEN: Show the parasternal short-axis view at the level of the mid-papillary muscles.
3.5. Return to the parasternal short-axis view of the right ventricular outflow tract and the pulmonary artery [1]. Add color Doppler [2].
3.5.1. SCREEN: Show the parasternal short-axis view of the right ventricular outflow tract and the pulmonary artery.
3.5.2. SCREEN: Show color Doppler being added to the parasternal short-axis view.
3.6. Measure the pulmonary artery acceleration time by using color Doppler to assess the direction of flow and the image quality [1]. Align the cursor parallel to the flow [2], place the gate just distal to the pulmonary valve [3], and obtain a pulsed-wave Doppler tracing [4].
3.6.1. SCREEN: Show color Doppler assessing the direction of flow and the image quality.
3.6.2. SCREEN: Show the cursor aligned parallel to the flow.
3.6.3. SCREEN: Show the gate placed just distal to the pulmonary valve.
3.6.4. SCREEN: Show the pulsed-wave Doppler tracing.
3.7. Assess the patent ductus arteriosus by evaluating its presence and the direction of flow using color Doppler [1] and pulsed-wave Doppler [2].
3.7.1. SCREEN: Show color Doppler being used to evaluate the presence and the direction of flow for the patent ductus arteriosus.
3.7.2. SCREEN: Show pulsed-wave Doppler being used to evaluate the presence and the direction of flow for the patent ductus arteriosus.
3.8. Record a cine loop of at least 3 cardiac cycles, with 5 to 7 cycles preferred, to assess the intraventricular septum position and thickness and to measure the left ventricular end-systolic eccentricity index and the right ventricular-to-left ventricular end-systolic diameter ratio [1].
3.8.1. SCREEN: Show recording of a cine loop of at least 3 cardiac cycles for the assessment of the intraventricular septum position and thickness and the measurement of the left ventricular end-systolic eccentricity index and the right ventricular-to-left ventricular end-systolic diameter ratio.
3.9. For obtaining the long-axis views, fan the transducer back to the parasternal short-axis view of the aortic valve en face [1] and rotate the transducer approximately 90 degrees so that the indicator is positioned cranially to obtain a parasternal long-axis view [2].
3.9.1. WIDE: Talent fanning the transducer back to the parasternal short-axis view of the aortic valve en face.
3.9.2. Talent rotating the transducer approximately 90 degrees with the indicator positioned cranially.
3.10. In the parasternal long-axis view, obtain the following parameters [1].
3.10.1. SCREEN: Show the parasternal long-axis view ready for parameter acquisition.
3.11. Measure the aortic valve annulus diameter by optimizing the parasternal long-axis view to visualize the left ventricular outflow tract and the aortic valve [1]. Record a cine loop of at least 1 cardiac cycle to measure the diameter of the aortic valve annulus at the valve hinge point at end-systole [2]. Use this value along with the velocity time integral to estimate the cardiac output, as described earlier [3].
3.11.1. SCREEN: Show the parasternal long-axis view optimized to visualize the left ventricular outflow tract and the aortic valve.
3.11.2. SCREEN: Show recording of a cine loop of at least 1 cardiac cycle for measuring the aortic valve annulus diameter at the valve hinge point at end-systole.
3.11.3. SCREEN: Show the aortic valve annulus diameter value used with the velocity time integral to estimate the cardiac output.



Results

4. Results 

4.1. Pulmonary artery acceleration time significantly and inversely correlated with the invasive mean pulmonary artery pressure in neonatal lambs [1].

4.1.1. LAB MEDIA: Figure 4. Video editor: Highlight the downward-sloping line between the black dots on the graph.

4.2. Some preterm lambs showed right ventricle dilation with septal bowing into the left ventricle 2 hours after delivery [1].

4.2.1. LAB MEDIA: Figure 5A. Video editor: Highlight the left image labeled A, focusing on the areas labeled RV and LV.

4.3. By day of life 8, the right ventricle dilation resolved and the septal position normalized in the same lamb [1].

4.3.1. LAB MEDIA: Figure 5B. Video editor: Highlight the right image labeled B, focusing on the areas labeled RV and LV.


[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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