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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.

Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up. The screen should be in focus and the fonts/traces/images should be clearly visible

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:  26
Number of Shots:  58 (24 SC) 

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

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Andrea Restivo: Our research focuses on measuring regional pleural pressure to characterize regional and partitioned respiratory mechanics during mechanical ventilation.
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. Andrea Restivo: Existing direct pleural pressure techniques require thoracotomy and surgical implantation, whereas this protocol uses a minimally invasive, image-guided percutaneous approach.
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. Andrea Restivo: This protocol provides a minimally invasive method to assess regional pleural pressure and ventro-dorsal pressure differences during mechanical ventilation.
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. Andrea Restivo: The main challenge is avoiding lung parenchymal puncture and confirming catheter placement in the intended pleural regions.
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. Andrea Restivo: Future studies can use direct pleural pressure to refine esophageal pressure interpretation and integrate respiratory mechanics with CT imaging.
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 at Massachusetts General Hospital


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Anterior Percutaneous Pleural Access
Demonstrator: Andrea Restivo 

 
2.1. To begin, position the anesthetized, intubated pig supine on a clean table and maintain an adequate depth of anesthesia throughout the procedure [1-TXT]. Establish mechanical ventilation and confirm stable vitals [2]. Prepare the thorax using sterile technique for pleural access before beginning the anterior pleural access workflow [3].
2.1.1. WIDE: Talent positioning the anesthetized and intubated animal supine on the table. TXT: Anesthesia (IV): 
Induction: Fentanyl (2 μg/kg) + Propofol (2 mg/kg)
Maintenance: Fentanyl (5 μg/kg/h) + Propofol (10 mg/kg/h)
2.1.2. Talent establishing mechanical ventilation. TXT: Refer to the text protocol for animal preparation steps
2.1.3. Talent wiping the thorax with a cotton containing anti-septic and placing sterile drapes.

2.2. Slightly rotate the animal toward the side opposite the planned anterior pleural catheter insertion site [1].
2.2.1. WIDE: Talent adjusting the animal’s position with a slight rotation toward the side.

2.3. Using ultrasound [1], identify the sternal line and the diaphragmatic dome [2]. Move approximately 5 centimeters laterally and 5 centimeters cranially from the midline at the level of the diaphragm to select the anterior puncture site [3]. Visualize the anterior pleural space with the ultrasound probe [4].
2.3.1. Talent placing the ultrasound probe on the sternal region.
2.3.2. [bookmark: _Hlk204179977]SCREEN: The sternal line is being visualized on the ultrasound monitor, followed by the diaphragmatic dome. Videographer: Please record the computer screen for the shots labeled as SCREEN. The screen should be in focus and the fonts/traces/images should be clearly visible
2.3.3. Talent moving the ultrasound probe approximately 5 centimeters laterally and 5 centimeters cranially from the midline.
2.3.4. SCREEN: The anterior pleural space is being visualized on the ultrasound monitor.
[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: 

2.4. Insert the ultrasound-enhanced Tuohy needle at the upper margin of the inferior rib of the selected intercostal space with the curvature oriented upward [1]. Advance the needle toward the parietal pleura under real-time ultrasound guidance using an in-plane approach [2].
2.4.1. Talent inserting the ultrasound-enhanced Tuohy needle at the upper margin of the inferior rib of the selected intercostal space.
2.4.2. SCOPE: The ultrasound-enhanced Tuohy needle advancing toward the parietal pleura under real-time ultrasound guidance using an in-plane approach.

2.5. Apply gentle positive pressure to the syringe while advancing the needle 1 to 2 millimeters further during an end-expiratory hold maneuver until a sudden loss of resistance indicates entry into the pleural space [1].
2.5.1. Talent advancing the needle with gentle positive pressure applied to the syringe during an end-expiratory hold maneuver until entry into the pleural space.

2.6. Inject approximately 50 to 100 milliliters of 100 percent oxygen to create a small anterior artificial pneumothorax [1]. Adjust the final oxygen volume based on the computed tomography, or CT, findings of the pneumothorax expansion and pleural separation [2].
2.6.1. Talent injecting approximately 50 to 100 milliliters of 100 percent oxygen through the needle.
2.6.2. SCREEN: CT being performed, showing the pneumothorax expansion and pleural separation.

2.7. Then, insert the spring-wire guide through the needle [1] and remove the needle [2].
2.7.1. Talent inserting the spring-wire guide through the needle.
2.7.2. Talent removing the needle while leaving the spring-wire guide in place.

2.8. Perform a CT scan to confirm the correct guidewire placement within the pleural space [1]. Confirm that the pleural space is enlarged and clearly delineated by the artificial pneumothorax [2].
2.8.1. SCREEN: CT images confirming the correct guidewire placement within the pleural space.
2.8.2. SCREEN: CT images showing the enlarged pleural space clearly delineated by the artificial pneumothorax.

2.9. After the CT confirmation, create a small skin incision at the wire entry site [1]. Advance the 9 French introducer over the guidewire using the Seldinger technique [2].
2.9.1. Talent performing a small skin incision at the wire entry site.
2.9.2. Talent advancing the 9 French introducer over the guidewire using the Seldinger technique.

2.10. Remove the guidewire [1] and insert the esophageal balloon catheter into the anterior pleural cavity through the introducer [2].
2.10.1. Talent removing the guidewire.
2.10.2. Talent inserting the esophageal balloon catheter into the anterior pleural cavity through the introducer.

2.11. Inflate the balloon to the optimal filling volume determined from an in vivo balloon pressure-volume curve to ensure proper expansion and reliable pressure transmission [1]. Connect the balloon catheter to an external differential pressure transducer via an air-filled pressure-transmission system [2].
2.11.1. Talent inflating the esophageal balloon with the predetermined optimal filling volume.
2.11.2. Talent connecting the balloon catheter to the external differential pressure transducer using an air-filled pressure transmission system.

2.12. Zero the pressure transducer to atmospheric pressure before connecting the catheter to ensure accurate pressure measurements [1]. Connect the pressure transducer to a data acquisition system [2] and acquire the pressure signals using the data acquisition software [3].
2.12.1. Talent zeroing the pressure transducer to atmospheric pressure.
2.12.2. Talent connecting the pressure transducer to the data acquisition system.
2.12.3. SCREEN: data acquisition software acquiring the pressure signals.

2.13. Acquire all the pressure signals at a sampling frequency of 1,000 hertz without additional digital filtering [1]. Begin the recording once a stable pressure tracing is observed [2].
2.13.1. SCREEN: configuring a sampling frequency of 1,000 hertz and no additional digital filtering.
2.13.2. SCREEN: Show a stable pressure tracing on the data acquisition software and the start of the data recording.


3. Posterior Percutaneous Pleural Access


3.1. Reposition the animal in a semiprone position to promote the dorsal migration of the intrapleural air [1]. Inject an additional 50 to 100 milliliters of 100 percent oxygen through the anterior catheter to enlarge the dorsal pneumothorax and facilitate the posterior access [2].
3.1.1. WIDE: Talent repositioning the animal in a semiprone position.
3.1.2. Talent injecting an additional 50 to 100 milliliters of 100 percent oxygen through the anterior catheter.

3.2. Perform a CT scan to confirm the dorsal migration of the artificial pneumothorax and identify the optimal posterior puncture area [1].
3.2.1. SCREEN: CT clip confirming the dorsal migration of the artificial pneumothorax and showing the optimal posterior puncture area.

3.3. Mark the posterior puncture site on the skin halfway between the spinous processes and the posterior axillary line [1]. Next, insert the Tuohy needle perpendicularly at the upper margin of the inferior rib of the selected intercostal space with an empty syringe attached for continuous aspiration [2].
3.3.1. Talent marking the posterior puncture site on the skin halfway between the spinous processes and the posterior axillary line.
3.3.2. Talent inserting the Tuohy needle perpendicularly at the upper margin of the inferior rib of the selected intercostal space with an empty syringe.

3.4. Advance the needle through the muscular planes during an end-expiratory hold maneuver while aspirating continuously until air is obtained, confirming entry into the dorsal pneumothorax [1]. Then, insert the spring-wire guide through the needle [2] and remove the needle [3].
3.4.1. Talent advancing the needle through the muscular planes while continuously aspirating until air is obtained.
3.4.2. Talent inserting the spring-wire guide through the needle.
3.4.3. Talent removing the needle while leaving the spring-wire guide in place.

3.5. Perform a CT scan to confirm the correct guidewire placement within the pleural space [1]. Confirm that the pleural space is enlarged and clearly delineated by the artificial pneumothorax [2].
3.5.1. SCREEN: CT monitor showing the correct guidewire placement within the pleural space.
3.5.2. SCREEN: CT monitor showing the enlarged pleural space clearly delineated by the artificial pneumothorax.

3.6. After the CT confirmation, create a small skin incision at the wire entry site [1] and advance the 9 French introducer over the guidewire using the Seldinger technique [2]. Remove the guidewire [3] and insert the second esophageal balloon into the dorsal pleural cavity through the introducer [4].
3.6.1. Talent performing a small skin incision at the wire entry site.
3.6.2. Talent advancing the 9 French introducer over the guidewire using the Seldinger technique.
3.6.3. Talent removing the guidewire.
3.6.4. Talent inserting the second esophageal balloon into the dorsal pleural cavity through the introducer.

3.7. Inflate the balloon with the optimal filling volume determined from an in vivo balloon pressure-volume curve to ensure the correct balloon expansion and reliable pressure transmission [1]. Connect the catheter to the differential pressure transducer [2] and verify the correct pleural waveform morphology on the monitor [3].
3.7.1. Talent inflating the second esophageal balloon with the predetermined optimal filling volume.
3.7.2. Talent connecting the catheter to the differential pressure transducer.
3.7.3. SCREEN: Show the monitor displaying the correct pleural waveform morphology.




4. Final Positioning and Monitoring


4.1. Verify that the ventilator parameters and the hemodynamic values remain stable during and after the catheter placement [1]. Drain the pneumothorax through the posterior and anterior introducers by gently aspirating the intrapleural air with a 50 milliliter syringe until there is no resistance to drainage. Avoid creating excessive negative pressure within the pleural space [2].
4.1.1. SCREEN: Show the ventilator monitor displaying stable parameters and the hemodynamic values.
4.1.2. Talent gently aspirating the intrapleural air through the posterior and anterior introducers with a 50 milliliter syringe.

4.2. Secure both esophageal balloon catheters to the skin with adhesive tape [1] and then, carefully remove both 9 French introducers to prevent catheter displacement [2].
4.2.1. Talent securing both esophageal balloon catheters to the skin with adhesive tape.
4.2.2. Talent carefully removing both 9 French introducers while maintaining the catheter position.

4.3. Perform a CT scan to assess the residual pneumothorax [1]. If the residual pneumothorax is present, place the animal in the prone position [2] and reduce the fraction of inspired oxygen to 0.25, if physiologically tolerated, to promote oxygen reabsorption [3].
4.3.1. SCREEN: CT images assessing the residual pneumothorax.
4.3.2. WIDE: Talent repositioning the animal in the prone position after the residual pneumothorax is identified.
4.3.3. Talent reducing the fraction of inspired oxygen to 0.25.

4.4. Confirm the absence of an airway or pleural leak by comparing the inspired and expired tidal volumes and performing an inspiratory hold [1]. Verify a stable plateau pressure and the return of flow to zero [2].
4.4.1. SCREEN: Show the ventilator displaying the inspired and expired tidal volumes during an inspiratory hold.
4.4.2. SCREEN: Show the ventilator displaying a stable plateau pressure and the flow returning to zero.

4.5. Reassess the anterior and posterior pleural pressure waveforms after the introducer removal [1]. Confirm that the expected waveform morphology remains stable [2]. If the waveform morphology changes, reassess the catheter position and the waveform stability before beginning the recording [3].
4.5.1. SCREEN: Show the anterior and posterior pleural pressure waveforms after the introducer removal.
4.5.2. SCREEN: Show the stable pleural pressure waveform morphology on the monitor.
4.5.3. Talent reassessing the catheter position.
4.5.4. SCREEN: the pleural pressure waveform is re-evaluated.

4.6. Finally, begin the simultaneous anterior and posterior pleural pressure recording only after confirming the pneumothorax evacuation or reabsorption, stable ventilation and hemodynamics [1].
4.6.1. SCREEN: Show the simultaneous anterior and posterior pleural pressure recordings after all required conditions have been confirmed.






Results
5. Results 

5.1. Pleural catheter placement was attempted in 20 animals [1]. Correct placement of both the anterior and posterior catheters was achieved in 16 animals [2].
5.1.1. LAB MEDIA: Table 1. Video editor: Highlight the row showing number of animals n = 20.
5.1.2. LAB MEDIA: Table 1. Video editor: Highlight the row showing the overall result of 16.

5.2. Successful procedures showed prominent cardiac oscillations in the anterior pleural catheter [1], exceeding those in the esophageal balloon [2]. The posterior pleural signals showed minimal cardiac artifact and smooth respiratory waveforms [3].
5.2.1. LAB MEDIA: Figure 1. Video editor: Highlight the orange anterior pleural pressure trace showing the visible cardiac oscillations.
5.2.2. LAB MEDIA: Figure 1. Video editor: Highlight the blue esophageal pressure trace.
5.2.3. LAB MEDIA: Figure 1. Video editor: Highlight the cyan posterior pleural pressure trace showing the smooth respiratory waveform.

5.3. During the end-expiratory occlusion, the posterior pleural pressure was consistently positive [1], while the anterior signal ranged from negative to positive [2]. The resulting gradient ranged from 2 to 7 centimeters of water [3].
5.3.1. LAB MEDIA: Table 2. Video editor: Highlight the posterior end-expiratory pressure column.
5.3.2. LAB MEDIA: Table 2. Video editor: Highlight the anterior end-expiratory pressure coulmn.
5.3.3. LAB MEDIA: Table 2. Video editor: Highlight the column showing the vertical pleural pressure gradient.


5.4. CT showed balloon catheters in the intended ventral region [1] and the dorsal region in successful placements [1].
5.4.1. LAB MEDIA: Figure 2. Video editor: Highlight the yellow arrows.
5.4.2. LAB MEDIA: Figure 2. Video editor: Highlight the red arrows.

5.5. The postmortem examination confirmed the anterior catheter position [1] and the posterior catheter position [2].
5.5.1. LAB MEDIA: Figure 3. Video editor: Highlight the yellow circles marking the anterior pleural catheter.
5.5.2. LAB MEDIA: Figure 3. Video editor: Highlight the green circle marking the posterior pleural catheter.

5.6. Four procedures were unsuccessful [1]. In one case, the anterior catheter entered the pleural space but failed to reach the target ventral region, resulting in a waveform without the expected gradient [2].
5.6.1. LAB MEDIA: Table 1. Video editor: Highlight the 2 rows from the bottom.
5.6.2. LAB MEDIA: Figure-Misplacement



[bookmark: _Hlk203166143]
Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE 


[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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