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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 
☐ Incorrect 

 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?  No

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: 05/12/2026

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

Current Protocol Length

Number of Steps: 16
Number of Shots:  54

Introduction 
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. Yasmine White: Our research investigates pathophysiology and novel therapies for bronchopulmonary dysplasia-associated pulmonary hypertension in a neonatal lamb model.
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: We developed a standardized, repeatable lamb cardiac catheterization protocol to address inconsistent pulmonary vascular resistance assessments in large-animal BPD-PH models.
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. Mar Janna Dahl: The cardiac catheterization allows researchers to measure cardiac pressures and calculate pulmonary vascular resistance in neonatal large animal models.
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. Yasmine White: The challenge of cardiac catheterization in neonatal lambs is guiding the catheter along the desired path into the right heart.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Are there any additional methods or analyses that can be performed following this procedure?
1.5. Matthew Douglass: Repeated cardiac catheterization allows for assessment of hemodynamic changes over time or in response to interventions.
1.5.1. 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 University of Utah


Protocol  
2. Position Setup of Preterm Lamb for Right Heart Catheterization
Demonstrator: Dr. Mar Janna Dahl, Dr. Matthew Douglass
2.1. To begin, align the lamb in a prone position using a sling [1], then verify the functioning of existing umbilical or jugular central venous catheters for initial vascular access [2]. Infuse dexmedetomidine (dex-med-eh-TOH-mi-deen) and adjust the rate to achieve the desired sedation depth, while supplementing additional fast-acting sedatives and analgesics as needed[3-TXT]. 
2.1.1. WIDE: Talent positioning the lamb in prone position using a sling.
2.1.2. Talent checking the functioning of previously placed catheters.
2.1.3. IV line showing infusion of dexmedetomidine, analgesics and sedatives. TXT: Dex infusion: 0.2-1.0 mcg/kg/h; Supplement (IV bolus): pentobarbital (1 mg/kg/dose); buprenorphine (5 mcg/kg/dose)
2.2. Shave the right or left neck over the external jugular vein [1] and inject zero-point five milliliters of one percent lidocaine subcutaneously over the site [2]. Sterilize the site with three alternating betadine and alcohol scrubs [3].
2.2.1. Talent shaving the neck area of the lamb.
2.2.2. Talent injecting local anesthetic subcutaneously.
2.2.3. Talent sterilizing the site using alternate betadine and alcohol scrubs.
2.3. Wear appropriate personal protective equipment and sterile gloves [1]. Dispose of all needles and other sharps immediately after use in an approved sharps container [2].
2.3.1. Talent wearing PPE and gloves.
2.3.2. Talent disposing of all needles and sharps into designated container.
2.4. Prime a Swan-Ganz (Swahn GAHNZ) catheter with two-percent heparinized saline [1] and connect the distal port to a pressure transducer for continuous recording in LabChart [2]. Set the pressure transducer to zero [3]. Monitor [4] oxygen saturation, arterial blood pressure, and heart rate throughout the procedure [5].
2.4.1. Talent injecting fine continuous stream of saline into the catheter.
2.4.2. Talent connecting the distal port of the catheter to a pressure transducer.
2.4.3. Talent setting the transducer to zero.
2.4.4. SCREEN: Show the SpO2, HR and BP values.
2.4.5. TEXT ON A PLAIN BACKGROUND
Halt or abort the procedure if vitals destabilize despite ventilator and oxygen fraction adjustments. Criteria include:  
- SpO2: <90% for 2 min
- Heart rate: <60 beats/minute
- Respiratory rate: >100 breaths/ minute
- Arterial blood pressure decreased >15% from pre-procedure baseline
3. Catheter Introduction and Advancement
Demonstrator: Dr. Mar Janna Dahl, Dr. Matthew Douglass
3.1. Use an eleven blade to make a one-centimeter incision over the external jugular vein to expose the vessel [1]. Dissect the external jugular vein [2] and pass a 3.0 (three-oh) silk suture beneath it to isolate the vein, maintain proximal control of the vessel and prevent bleeding during catheter introduction [3].
3.1.1. Talent making an incision over the external jugular vein using an 11 blade to expose the vessel.
3.1.2. Talent dissecting the external jugular vein.
3.1.3. Talent passing a 3-0 suture beneath the dissected jugular vein.
3.2. Introduce an 18 G (eighteen gauge), 2.5-inch (two-and-a-half inch) needle into the vessel [1]. Advance a guide wire through the needle using the Seldinger (sel-DING-er) technique [2]. Then, advance a 6 Fr (Six French) introducer filled with heparinized saline into the vessel over the guide wire [3]. 
3.2.1. Talent introducing an 18 G needle into the vessel.
3.2.2. Talent advancing a guide wire through the needle.
3.2.3. Talent advancing a 6 Fr introducer with saline over the guide wire.
3.3. Remove the guidewire while maintaining the introducer in place [1]. Use the existing silk tie to suture the introducer and secure it in the vessel at a depth of approximately three to three-point five centimeters [2]. Aspirate and flush the introducer with heparinized saline to confirm blood return [3].
3.3.1. Talent carefully removing the guide wire without disturbing the introducer.
3.3.2. Talent securing the introducer in the vessel using the existing 3-0 suture.
3.3.3. Talent aspirating and flushing saline into the introducer to remove any air and confirm blood return.
3.4. Re-verify transducer leveling and zeroing before catheter insertion [1-TXT]. Pass and gradually advance the previously prepared Swan-Ganz catheter through the introducer [2] and monitor the transduced pressure waveform [3].
3.4.1. Talent checking the pressure transducer levelling and zero calibration. TXT: Even 1–2 cm error significantly skews PA, PCWP, mPAP, and PVR values
3.4.2. Talent introducing and gradually advancing the Swan-Ganz catheter.
3.4.3. SCREEN: Shows the pressure waveform.
4. Measurement of Pressures and Cardiac Output
Demonstrator: Dr. Mar Janna Dahl
4.1. Advance the Swan-Ganz catheter [1] until the typical venous pressure tracing is replaced by a typical right atrial pressure tracing and record transduced pressures [2]. Observe that the right atrial pressure does not typically reach zero, although this may occur in severe hypovolemia case [3].
4.1.1. Talent advancing the Swan-Ganz catheter further. Videographer: Obtain multiple reusable takes of 4.1.1 as these will be used later in the protocol
4.1.2. SCREEN: Show the monitor recording the venous pressure tracing changing to right atrial pressure tracing.
4.1.3. SCREEN: Display that the tracing does not typically return to zero.
4.2. Advance the Swan-Ganz catheter further until a typical right ventricular pressure tracing is seen and record transduced pressures [1]. Observe that right ventricular pressure reaches zero [2]. Check for catheter whip artifact caused by movement of the catheter tip with blood flow, resulting in spuriously high systolic spikes [3].
4.2.1. SCREEN: Show the monitor recording the changing of right atrial pressure tracing to right ventricular pressure tracing.
4.2.2. SCREEN: Show the typical right ventricular pressure tracing on the monitor returning to zero.
4.2.3. SCREEN: Show an example of catheter whip artifact on the waveform with falsely high systolic spikes.
4.3. Slowly advance the Swan-Ganz catheter further until a pulmonary arterial tracing is obtained and notice that pulmonary arterial pressure does not reach zero [1]. Record the transduced pressures [2]. If there is difficulty advancing the catheter into the pulmonary artery, briefly inflate the balloon to encourage the catheter tip to move toward the pulmonary valve [3]. Reposition the animal as another troubleshooting technique [4].
4.3.1. SCREEN: Show the monitor recording the changing of right ventricular pressure tracing to pulmonary arterial pressure tracing that does not return to zero.
4.3.2. SCREEN: Show the transduced pulmonary artery pressure values being recorded.
4.3.3. Talent briefly inflating the balloon to help move the catheter tip toward the pulmonary valve.
4.3.4. Talent repositioning the animal.
4.4. Inspect the waveform for over-dampening caused by kinks in the tubing [1]. Recognize that over-dampening can produce a falsely low pressure reading [2].
4.4.1. Talent checking the tubing for kinks while observing the waveform.
4.4.2. SCREEN: Show an over-dampened waveform with falsely low pressure reading.
4.5. Further advance the catheter [1] and inflate the balloon to create a wedge against the vessel wall, allowing measurement of pulmonary capillary wedge pressure [2]. Limit balloon inflation to a maximum of ten seconds once the waveform is confirmed [3]. Observe that balloon inflation should be accompanied by a feeling of resistance [4]. If no resistance is appreciated, consider that the balloon may have ruptured and do not instill any additional air [5].
4.5.1. Reuse 4.1.1.
4.5.2. Talent inflating the balloon to wedge the catheter against the vessel wall for PCWP measurement.
4.5.3. SCREEN: Show the confirmed wedge waveform while the balloon remains inflated briefly.
4.5.4. Talent feeling resistance while inflating the balloon.
4.5.5. Talent stopping air instillation after recognizing the absence of resistance.
4.6. Measure cardiac output via thermodilution using the designated machine and its specific instructions [1-TXT]. Connect the cardiac output machine to the port on the Swan-Ganz catheter [2]. Place the thermistor cable in a container of ice water [3]. Input the appropriate computational constant based on the catheter model and injectate temperature to compute cardiac output [4].
4.6.1. Talent preparing the cardiac output machine for thermodilution measurement.TXT: Exact instructions vary by model
4.6.2. Talent connecting the cardiac output machine to the port on the Swan-Ganz catheter.
4.6.3. Talent placing the thermistor cable in a container of ice water.
4.6.4. SCREEN: Show the computational constant being entered on the CO machine based on the catheter model and injectate temperature.
4.7. Place eight five milliliter syringes pre-filled with zero-point nine percent saline in ice water [1]. Instill three to five milliliters of cold injectate at zero to five degrees Celsius through the catheter, depending on the model of Swan-Ganz catheter used [2] and record the cardiac output [3-TXT].
4.7.1. Talent placing eight 5 milliliter syringes filled with saline in ice water.
4.7.2. Talent instilling the cold injectate through the catheter.
4.7.3. SCREEN: Show the cardiac output value displayed on the machine and being recorded. TXT: Follow the machine prompts; Repeat the cold injectate 5 to 6 times
4.8. Deflate the balloon [1] and withdraw the Swan-Ganz catheter [2]. If the cardiac catheterization is not done on the final day of the study, remove the introducer [3] and ligate the external jugular vein using 3.0 silk sutures [4]. Monitor the animal for complications [5].
4.8.1. Talent deflating the balloon.
4.8.2. Talent withdrawing the Swan-Ganz catheter.
4.8.3. Talent removing the introducer.
4.8.4. Talent ligating the external jugular vein with 3.0 silk sutures.
4.8.5. Talent monitoring the animal for complications.





















Results
5. Results 
5.1. Using cardiac catheterization technique, the hemodynamics in twelve neonatal lambs including both term and preterm animals was assessed, and the mean right ventricle pressure [1], pulmonary artery pressure [2], pulmonary capillary wedge pressure [3] and cardiac output are reported [4]. The pulmonary vascular resistance values are also calculated from mean pulmonary artery pressure, pulmonary capillary wedge pressure, and cardiac output measurements [5].
5.1.1. LAB MEDIA: Table 1: Video Editor: Please emphasize the column labelled as “Mean Right Ventricle Pressure (mmHg)”
5.1.2. LAB MEDIA: Table 1: Video Editor: Please emphasize the column labelled as “Mean Pulmonary Artery Pressure (mmHg)”
5.1.3. LAB MEDIA: Table 1: Video Editor: Please emphasize the column labelled as “Mean Pulmonary Capillary Wedge Pressure (mmHg)”
5.1.4. LAB MEDIA: Table 1: Video Editor: Please emphasize the column labelled as “Cardiac Output (L/min/kg BW)”
5.1.5. LAB MEDIA: Table 1: Video Editor: Please emphasize the column labelled as “Pulmonary Vascular Resistance (mmHg/[L/min]/kgBW)”
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