[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60837 
Scriptwriter Name: Bridget Colvin 
Project Page Link: http://www.jove.com/files_upload.php?src=18555333

Title: Quantification of Biventricular Function and Morphology by Cardiac Magnetic Resonance Imaging in Mice with Pulmonary Artery Banding

Authors and Affiliations: Anne-Marie C. Koop1*, Quint A. J. Hagdorn1*, Kees (C.) W. A. van de Kolk2,3, Annemieke van Oosten2, Michel Weij2, Herman H. W. Silljé4, Tineke P. Willems5, Rolf M. F. Berger1 
*These authors contributed equally to the work

1Center for Congenital Heart Diseases, Department of Pediatric Cardiology, University Medical Center Groningen, University of Groningen
2 The Central Animal Facility, University Medical Center Groningen, University of Groningen
3Gronsai (Groningen Small Animal Imaging Facility), University Medical Center Groningen, University of Groningen
4Department of Cardiology, University Medical Center Groningen, University of Groningen
5Department of Radiology, University Medical Center Groningen, University of Groningen

Corresponding Author: 
Anne-Marie C. Koop 		
a.c.koop@umcg.nl 
[bookmark: _Hlk25233958]
Co-authors:
q.a.j.hagdorn@umcg.nl
c.w.a.van.de.kolk@umcg.nl
a.van.oosten@umcg.nl
m.weij01@umcg.nl
h.h.w.sillje@umcg.nl
t.p.willems@umcg.nl
r.m.f.berger@umcg.nl 



Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Yes, Leica M620 

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as you are able to perform a model of RV pressure load.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?  N
 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Rolf Berger or Anne-Marie Koop: This protocol provides a mouse model for subjecting mice to fixed right ventricular pressure loads using pulmonary artery banding and facilitates the assessment of right ventricular dimension and function [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

REQUIRED: 
1.2. Anne-Marie Koop or Quint Hagdorn: Cardiac magnetic resonance, the current non-invasive gold standard for right ventricular dimension and function evaluation, facilitates a reliable, accurate, en masse quantification of cardiac volumes [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.3. Anne-Marie Koop or Quint Hagdorn: This model can be used to further our understanding of the development of right ventricular failure, including congenital heart disease, pulmonary arterial hypertension, and left-sided heart disease [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.4. Quint Hagdorn: Before performing this procedure for the first time, practice the technique and only let the animal awaken when you are sufficiently confident little to no complications have occurred [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera

1.5. Quint Hagdorn or Anne-Marie Koop: Demonstrating the procedure will be Annemiek van Oosten, Michel Weij, and Kees van de Kolk, technicians of the central animal facility [1][2].

1.5.1. INTERVIEW: Author saying the above
1.5.2. Named demonstrator(s) looks up from workbench or desk or microscope and acknowledges camera

Ethics Title Card

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Groningen, the Netherlands.


Protocol
2. Pulmonary Artery Banding (PAB) Surgery Preparation
2.1. Before beginning the procedure, confirm a lack of response to toe pinch in the anesthetized mouse [1-TXT] and use an electric shaver to remove the hair from the left hemithorax [2].
2.1.1. WIDE: Talent pinching toe Videographer: More talent than mouse in shot TEXT: Anesthesia: 5% -> 1-2% isoflurane
2.1.2. Mouse being shaved
2.2. Gently pull and hold the tongue with mild tension [1] and place a light source on the exterior throat at the level of the glottis to illuminate the inner throat [2].
2.2.1. Tongue being pulled/held
2.2.2. Light being placed
2.3. Use a 20-gauge flexible cannula to intubate the base endotracheally [1] and place the mouse in the right decubitus position on a 37-degree Celsius heat mat with the right foreleg in a neutral position, the right hind leg extended, and the left foreleg bent back [2].
2.3.1. Cannula being inserted
2.3.2. Limb(s) being positioned
2.4. Then, after administering analgesia, apply ointment to the animal’s eyes [1-TXT].
2.4.1. ECU: Ointment being applied TEXT: Analgesia: buprenorphine 0.1 mg/kg s.c.
3. PAB Surgery by Left Lateral Thoracotomy
3.1. When the animal has been prepped, disinfect the exposed skin with two chloride-hexidine wipes [1] and make a skin incision from the left axilla parallel to the second and third ribs [2].	Comment by Bridget Colvin: Authors: Please see our animal guidelines regarding using scissors to make a skin incision during survival surgery.
3.1.1. WIDE: Talent wiping skin Videographer: More Talent than mouse in shot
3.1.2. Incision being made
3.2. Identify the m. pectoralis superficialis and the m. pectoralis profundus [1] and use suture loops to pull the m. pectoralis superficialis toward the ventral side of the animal [2] and the m. pectoralis profundus toward the dorsal side of the mouse [3].
3.2.1. Shot of muscles Videographer: Important step; Video Editor: please emphasize superficialis and profundus muscles when mentioned
3.2.2. Superficialis being pulled Videographer: Important step
3.2.3. Profundus being pulled Videographer: Important step
3.3. Use adapted paper clips to open the second intercostal space and to spread the ribs to visualize the left heart ear, lung, and pulmonary artery [1].
3.3.1. Space being opened/tissues being visualized
3.4. Separate the arteria pulmonalis from the aorta [1] and use a 25-gauge needle and 6-0 suture to place a suture loop around the pulmonary artery [2].
3.4.1. Arteria being separated from aorta Videographer: Important step
3.4.2. Loop being placed around artery Videographer: Important step
3.5. Place a lose 2-1-1 ligature around the arteria pulmonalis [1] and place a 23-gauge needle parallel to the arteria pulmonalis within the 6-0 suture [2].
3.5.1. Ligature being placed Videographer: Important/difficult step
3.5.2. Needle being placed Videographer: Important/difficult step
3.6. Fix the most proximal suture knot [1] before fixing the distal knot of the 2-1-1 suture [2-TXT] and remove the needle [3].
3.6.1. Proximal knot being fixed Videographer: Important/difficult step
3.6.2. Distal knot being fixed Videographer: Important/difficult step TEXT: Sham surgery: same procedure without band placement
3.6.3. Needle being removed Videographer: Important/difficult step
3.7. Use a monofilament polypropylene 5-0 suture to close the thorax with two or three separate sutures [1] and release the m. pectoralis superficalis and m. pectoralis profundus [2].
3.7.1. Thorax being closed
3.7.2. Muscles being released 
3.8. Close the skin with a pure polyglycolic acid 5-0 continuous suture to minimize scar formation [1-TXT].
3.8.1. Suture being placed TEXT: Scar tissue will influence echocardiography image quality
3.9. Then allow the mouse to recover with monitoring until full recumbency [1].
3.9.1. Talent placing mouse into cage
4. PAB Gradient Evaluation
4.1. To determine the pulmonary artery banding gradient in the experimental and sham-surgery animals, first place pediatric electrocardiogram-stickers on each fore- and hindlimb of the mouse to be imaged [1], and using the stickers to handle the animal, apply ultrasound gel to the shaved part of the thorax [2].
4.1.1. WIDE: Talent placing stickers Videographer: More Talent than mouse in shot
4.1.2. Gel being applied
4.2. To obtain the images of the pulmonary artery, press the color-Doppler button to visualize the blood flow [1] and place the ultrasound probe at a 30-degree angle to the parasternal line to visualize the ascending aorta in the parasternal long axis view [2].
4.2.1. Talent pressing button
4.2.2. Probe being placed
4.2.3. LAB MEDIA: To be provided by Authors: PLAX view of AA	Comment by Bridget Colvin: Authors: Please upload all requested lab media files to your project page by the script return deadline.
4.3. Sweep the probe slightly to the left [1] so the ascending aorta disappears behind the pulmonary artery. The appropriate parasternal long axis view is identified when the pulmonary artery is visualized with the blood flowing vertically [2].
4.3.1. Probe being swept
4.3.2. LAB MEDIA: To be provided by Authors: AA disappearing, then PA in view w/ blood flowing vertically
4.4. Place the cursor in line with the pulmonary artery [1] and press the continuous wave Doppler button [2] to derive velocity time integral measurements during three cardiac cycles [3]. Then press Save [4]. 
4.4.1. LAB MEDIA: To be provided by Authors: Cursor being placed
4.4.2. Talent pressing button
4.4.3. LAB MEDIA: To be provided by Authors: Measurements being derived
4.4.4. Talent pressing Save
4.5. Rotate the probe 90 degrees clockwise [1] to obtain the parasternal short axis view [2] and tilt the probe slightly [3] in the cranial-ventral direction to derive this view at the aortic level. The right ventricle flow tract should be situated between the aorta and the probe with the blood flowing in the vertical direction [4].
4.5.1. Probe being rotated
4.5.2. LAB MEDIA: To be provided by Authors: PSAX view
4.5.3. Probe being tilted
4.5.4. LAB MEDIA: To be provided by Authors: Aortic PSAX view
4.6. Place the cursor in line with the pulmonary artery [1] and press the continuous wave Doppler button [2] to derive velocity time integral measurements during three cardiac cycles before pressing Save [3].
4.6.1. LAB MEDIA: To be provided by Authors: Cursor being placed
4.6.2. Talent pressing button
4.6.3. LAB MEDIA: To be provided by Authors: Measurement(s) being obtained 
4.7. Measure the three maximum velocities of the best view and calculate the mean [1]. Then use the simplified Bernoulli’s principle to derive the pulmonary artery banding gradient in millimeters of mercury [2-TXT].
4.7.1. SCREEN: To be provided by Authors: Velocit(ies) being measured, then mean being calculated	Comment by Bridget Colvin: Authors: Please upload all requested screen capture files to your project page by the script return deadline.
4.7.2. SCREEN: To be provided by Authors: PAB gradient being derived TEXT:
5. Cardiac Magnetic Resonance (CMR) Imaging
5.1. For cardiac magnetic resonance imaging of the banding, place the animal to be imaged in a plastic scanning bed [1] and place the bed into the scanner [2].
5.1.1. WIDE: Talent placing mouse into bed Videographer: More Talent than mouse in shot
5.1.2. Talent placing bed into scanner
5.2. Tune the radiofrequency birdcage coil to a 1 hydrogen resonance frequency [1] and use the automatic shimming procedure to set the magnetic field to be as homogenous as possible [2].
5.2.1. Talent tuning RF birdcage
5.2.2. Talent setting magnetic field
5.3. Adjust the radiofrequency pulse power to maximize the one-dimensional image profile [1] and use a tripilot sequence to make scout scans to determine the exact position of the heart [2].
5.3.1. Talent adjusting RF pulse power
5.3.2. LAB MEDIA: To be provided by authors: Scout scan being performed/heart being located
5.4. Using a fast gradient echo sequence, acquire transverse, coronal, and sagittal slice scout images through the thorax [1] and adjust the axes of the axial, two-chamber, and four-chamber views [2].
5.4.1. LAB MEDIA: To be provided by authors: Image(s) being acquired
5.4.2. LAB MEDIA: To be provided by authors: Axes being adjusted
5.5. Position the cine slices perpendicular to an imaginary axis between the right ventricle outflow tract and the utmost apical part of the right ventricle [1] and use the self-gated intragate-fast low-angle shot method to derive ten to eleven 1-millimeter-thick cine slices without a slice gap over the entire top-to-base of the right ventricle [2-TXT].
5.5.1. LAB MEDIA: To be provided by authors: Slice(s) being positioned
5.5.2. LAB MEDIA: To be provided by authors: Slice(s) being derived TEXT: See text for acquisition parameter details
6. Image Analysis
6.1. To identify the end-systolic and end-diastolic phases [1], mark several points at the epicardial border of each image manually to delineate the epicardial contours in end-diastole and end-systole from the apex to the base [2-TXT].
6.1.1. WIDE: Talent at computer, identifying phases, with monitor visible in frame
6.1.2. SCREEN: To be provided by authors: Points being marked along border TEXT: Double-click to complete contour
6.2. Mark the endocardial contour border in the same manner [1]. The left ventricular and right ventricular end-diastolic volume, end-systolic volume, end-diastolic mass, and end-systolic mass will be automatically calculated by the software [2].
6.2.1. SCREEN: To be provided by authors: Endocardial contour being marked
6.2.2. SCREEN: To be provided by authors: Shot of calculated volumes
6.3. Then divide the diameter of the left ventricle cavity parallel to the intraventricular septum by the diameter of the left ventricle cavity perpendicular to the intraventricular septum to calculate the eccentricity index both in end-diastole and end-systole [1].
6.3.1. SCREEN: To be provided by authors: ED and ES EI being calculated



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see?
3.2., 3.4.-3.6. 

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5., 3.6.



Results
7. Results: Representative Biventricular Function Quantification

7.1. Pulmonary artery banding gradient values significantly increase [1] compared to sham animals at 2 and 6 weeks after pulmonary artery banding [2].

7.1.1. LAB MEDIA: Figure 3 graph Video Editor: please add bracket and asterisk over 2 weeks data bars
7.1.2. LAB MEDIA: Figure 3 graph Video Editor: please add bracket and asterisk over 6 weeks data bars

7.2. This increase of loading causes right ventricle dilatation [1].

7.2.1. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize grey data bars

7.3. Right ventricle dysfunction occurs as the right ventricle ejection fraction decreases [1], while the right ventricle stroke volume remains unaffected [2].

7.3.1. LAB MEDIA: Figures 4C and 4D Video Editor: please emphasize grey data bar in Figure 4C
7.3.2. LAB MEDIA: Figures 4C and 4D Video Editor: please add bracket and “n.s.” text over Figure 4D data bars

7.4. The right ventricle end-diastolic and -systolic masses increase, indicating right ventricular hypertrophy [1].

7.4.1. LAB MEDIA: Figures 4E and 4F Video Editor: please emphasize grey data bars

7.5. Conversely, the left ventricle end-diastolic and -systolic masses decrease [1] and the left ventricle ejection fraction and stroke volume remain unaffected [2].

7.5.1. LAB MEDIA: Figures 4G and 4H Video Editor: please emphasize grey data bars 
7.5.2. LAB MEDIA: Figures 4I and 4J Video Editor: please add brackets and “n.s.” texts over data bars in both graphs

7.6. The left ventricle end-diastolic or -systolic masses also do not change [1]

7.6.1. LAB MEDIA: Figures 4K and 4L Video Editor: please add brackets and “n.s.” texts over data bars in both graphs

7.7. Septal flattening at both the end-diastole and end-systole occurs, indicated by significant decreases of both eccentricity indexes [1].

7.7.1. LAB MEDIA: Figures 4M and 4N Video Editor: please emphasize grey data bars

7.8. As the heart rate and stroke volume do not differ between pulmonary artery banding and sham animals [1], the cardiac output is also unaffected [2].

7.8.1. LAB MEDIA: Figures 4P and 4Q Video Editor: please add brackets and “n.s.” texts over data bars in both graphs
7.8.2. LAB MEDIA: Figures 4P and 4Q

7.9. Here, representative cardiac magnetic resonance images [1] taken at the midpapillary level in end-diastole [2] and end-systole [3] in sham [4] and pulmonary artery banding hearts [5] reveal a similar morphology between the two conditions [6].

7.9.1. LAB MEDIA: Figure 4O
7.9.2. LAB MEDIA: Figure 4O Video Editor: please emphasize top row of images
7.9.3. LAB MEDIA: Figure 4O Video Editor: please emphasize bottom row of images
7.9.4. LAB MEDIA: Figure 4O Video Editor: please emphasize left column of images
7.9.5. LAB MEDIA: Figure 4O Video Editor: please emphasize right column of images
7.9.6. LAB MEDIA: Figure 4O


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Kees van de Kolk: Positioning the cine slices perpendicular to an imaginary axis between the right ventricle outflow tract and the utmost apical part of the right ventricle is essential [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (5.5) 

8.2. Kees van de Kolk or Tineke Willems: Future studies will employ CMR-derived tissue characterization or scar tissue assessment by late gadolinium enhancement to enable the reduction of histopathologic assessments and experimental animal numbers [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

8.3. Herman Sillje or Anne-Marie Koop or Quint Hagdorn: This model could serve as the foundation for different transgenic mouse models of right ventricular pressure overload to study the underlying molecular mechanisms of right ventricular failure development [1].

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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