
Submission ID #: 57783
Editor Name: Bridget Colvin
Videographer Name: Bruno Benham
Film Date: 5/15/2018
Submission Link: http://www.jove.com/files_upload.php?src=17623863
Authors & Affiliations: Jens Kamuf, Andreas Garcia-Bardon, Alexander Ziebart, Rainer Thomas, Robert Rümmler, Christian Möllmann, and Erik K. Hartmann

Department of Anesthesiology, University Medical Center of the Johannes Gutenberg-University
Title: Oleic Acid-Injection in Pigs as a Model for Acute Respiratory Distress Syndrome 

Corresponding Author: 
Jens Kamuf

kamuf@uni-mainz.de 

Tel: 0049 6131 179817

Co-authors: a.garciabardon@uni-mainz.de, alexziebart@yahoo.de, rainerthomasmd@googlemail.com, robert.ruemmler@email.de, moellmann@uni-mainz.de, hartmane@uni-mainz.de 
A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include 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.

C. Which steps of your protocol will viewers benefit most from having filmed? 
2.5.1, 3.6.1, 3.7.1, 3.7.2, 3.8.1 

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? The most difficult aspect is to find the right amount of oleic acid and keep the pig alive. Therefore, we closely watch hemodynamics and pO2/FiO2-Ratio.
E. Will the filming need to take place in multiple locations? N
1. Introduction
 (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to reliably induce a stable lung injury similar to acute respiratory distress syndrome, or ARDS, in humans in an animal model. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Jens Kamuf: This method can help answer key questions about the pathophysiological changes that occur during ARDS for the development and evaluation of new treatment options for this disease. 
1.2. Andreas Garcia-Bardon: The main advantage of this technique is that it reproduces the basic pathologic changes observed in human ARDS. 

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E. Ethics title card: (for human subjects or animal work, does not count ftoward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) 
Protocol: (read by voice talent at JoVE)
2. Ultrafast Partial Oxygen Pressure (pO2) Measurement and Pulmonary Artery Catheter Insertion
2.1. For ultrafast measurement of the partial oxygen pressure, place an ultrasound probe [1-WIDE-TXT] on the right inguinal ligament of the experimental pig and scan for femoral vessels [2-SCREEN].
2.1.1. Talent placing probe (TEXT: See text for anesthesia induction details)
2.1.2. *To be provided by Authors: Femoral vessels being scanned 

2.2. Turn the probe 90° to fully visualize the femoral artery in the long axis [1-CU] and use a Seldinger’s needle to cannulate the right femoral artery under in-line ultrasound visualization [2-SCREEN]. When pulsating bright blood flows out, introduce the guidance wire and retract the needle. Check the correct positioning of the Seldinger’s wire by visualizing it with ultrasound. 
2.2.1. Probe being turned

2.2.2. *To be provided by Authors: Artery being cannulated
2.2.3. Added shot: Visualizing the wire in the artery
2.3. Visualize the femoral vein and cannulate the vein under in-line ultrasonography [1-SCREEN] and continuous aspiration with the needle [2-CU/SCREEN].
2.3.1. *To be provided by Authors: Shot of femoral vein/vein being cannulated 
2.3.2. Aspiration with needle OR *To be provided by Authors: Aspiration with needle
2.4. When venous blood is able to be aspirated, insert Seldinger’s wire and retract the needle.  Use Seldinger’s technique to insert a 5 French arterial introducer sheath [1-CU] and a central venous catheter and turn the corresponding three-way-stopcocks back. [2-MED-TXT].

2.4.1. Sheath and catheter being inserted 

2.4.2. Talent turning stopcock(s) (TEXT: See text for hemodynamic monitoring details)
2.5. Then
, insert the probe for ultrafast measurement [1-CU] of the partial oxygen pressure through the right  arterial introducer sheath [2-SCREEN].
2.5.1. Probe being inserted

2.5.2. *To be provided by Authors: Shot of pO2 being measured (see video file: beginning at time 00:50 for several minutes as necessary: pO2 of healthy lung measured continuously ) 
2.6. Before inserting the pulmonary artery catheter, check that it is working properly [1-MED-TXT] and insert it through the left venous introducer sheath [2-CU].
2.6.1. Checking the catheter (inflating and deflating the balloon, flushing the catheter). 
2.6.2. Catheter being inserted
2.7. When the pulmonary artery catheter has passed through the introducer sheath, inflate the balloon with 1 mL of air and advance the pulmonary artery catheter while monitoring the typical waveforms [1-SCREEN-TXT].

2.7.1. Shot of catheter passing/past sheath, then balloon being inflated, then catheter being advanced/waveforms being monitored (TEXT: i.e. venous vessels, right atrium, right ventricle, pulmonary arteria, pulmonary capillary wedge pressure)
2.8. Then deflate the balloon [1-SCREEN] … and check if blood can be aspirated through all of the ports of the pulmonary artery catheter [2-CU-TXT].

2.8.1. Shot of deflated balloon

2.8.2. Shot of blood being aspirated (TEXT: See text for dull pulmonary artery catheter insertion details)
3. Lung Injury Induction
3.1. To induce lung injury, load one 20-mL syringe with 0.1 mL/kilogram of oleic acid [1-WIDE-TXT] and a second 20-mL syringe with 2 mL of freshly-drawn blood [2-MED].
3.1.1. Talent loading syringe (TEXT: See text for all reagent preparation details)
3.1.2. Talent filling syringe with blood

3.2. Add saline to the syringe with the blood to a total volume of 20 mL in both syringes [1-CU] and connect both syringes to a 3-way-stopcock [2-CU].
3.2.1. Saline being added to syringe, with saline container label visible in frame

3.2.2. Syringe being attached to stopcock 
3.3. Connect a norepinephrine syringe pump to one port of the central venous catheter [1-MED] and begin an ultrafast partial oxygen pressure-measurement as just demonstrated [2-CU].
3.3.1. Talent connecting syringe to catheter

3.3.2.  Screen recording (again video file 00:50 or later)
3.4. Record the baseline values of all of the relevant parameters [1-SCREEN] and set the fraction of inspired oxygen to 1.0 [2-MED].

3.4.1. *To be provided by Authors: Shot of at least one baseline parameter (small camera)
3.4.2. Talent setting FiO2 to 1.0

3.5. Conduct a lung recruitment maneuver [1-MED-TXT] and connect the 3-way-stopcock to the proximal port of the pulmonary artery catheter [2-CU].

3.5.1. Representative shot of Talent conducting lung recruitment maneuver (TEXT: Plateau pressure 40 cm H2O for 10 s)
3.5.2. Stopcock being connected to catheter
3.6. Then inject the oleic- and blood-saline mixtures repeatedly from one syringe into the other via the 3-way-stopcock to thoroughly mix the solutions [1-CU].

3.6.1. Solutions being mixed

3.7. When a homogenous emulsion has been achieved [1-ECU], inject 2 mL of the emulsion into the central venous catheter and continue mixing [2-CU/MED-TXT].
3.7.1. Shot of homogenous emulsion
3.7.2. Emulsion being injected (Shot will be used again) (TEXT: Emulsion may separate into lipophilic and hydrophilic parts if mixing is stopped)
3.8. Closely monitor the hemodynamics after the injection, giving norepinephrine as 10-100 microgram bolus injection [1-MED-TXT] as necessary to keep the mean arterial pressure above 60 millimeters of mercury [2-SCREEN].
3.8.1. Talent injecting norepinephrine (TEXT: Alternative: deliver norepinephrine by continuous infusion) (second pair of hands)
3.8.2. *To be provided by Authors: Shot of MAP above 60 mmHg (small camera)
3.9. Repeat the 2 mL oleic acid solution injection every 3 minutes [1-MED] until the arterial partial pressure of oxygen-fraction of inspired-ratio is below 200 millimeters of mercury [2-SCREEN].

3.9.1. Use 3.7.2. Talent injecting emulsion

3.9.2. *To be provided by Authors: Shot of pO2:FiO2 ratio below 200 mmHg (see video file: 26:45 to 27:45: there you see the drop in pO2 after injection of oleic acid; if necessary up to 30:30, when a stable condition is reached)
3.10. Wait 30 minutes and re-evaluate the partial pressure of oxygen-fraction of inspired-ratio [1-MED]. If the ratio is still over 200 mmHg, repeat the injections [2-MED] until the partial pressure of oxygen-fraction of inspired-ratio falls below  200 millimeters of mercury [3-SCREEN].

3.10.1.  Talent placing probe/evaluating pO2:FiO2

3.10.2.  Use 3.7.2. Talent injecting solution
3.10.3.  *To be provided by Authors: Shot of pO2:FiO2 ratio between below 200 mmHg (see video file: 47:00 to 47:30: stable condition 30 mins after last injection of oleic acid)
3.11. Then set the ventilation according to the suggestions from the acute respiratory distress syndrome network [1-MED-TXT].

3.11.1.  Talent setting ventilation (TEXT: See text for ARDS network suggestion details)

4. Results: Representative Lung Function After Oleic Acid Injury 
4.1. The partial oxygen pressure-fraction of inspired oxygen-ratio decreases after the fractionated application of oleic acid [1-LM]. 

4.1.1. Fig 1b.pdf: please emphasize OAI data line

4.2. Despite a typical impairment of oxygenation after the induction of lung injury [1-LM], frequent variations in oxygen impairment are observed between animals across the impairment time course [2-LM], necessitating a close monitoring of the partial oxygen pressure-fraction of inspired oxygen ratio while delivering the oleic acid [3-LM].

4.2.1. Fig 1a.pdf: please emphasize baseline to 0 data point data line for all but vehicle 1 and vehicle 2
4.2.2. Fig 1a.pdf: please emphasize all data lines except animals 5 and 6 from 0 to 360 data points

4.2.3. Fig 1a.pdf: no animation

4.3. The decrease in partial oxygen pressure-fraction of inspired oxygen-ratio is paralleled by an increase in pulmonary arterial pressure, which typically remains elevated for the rest of the experiment [1-LM], with some fluctuation also observed between animals [2-LM].

4.3.1. Fig 2b.pdf: please emphasize OAI data line

4.3.2. Fig 2a.pdf: please emphasize all data lines except vehicle 1 and vehicle 2 from 0 to 360 data points
4.4. Lung injury is visually detectable in lungs harvested 6 hours after lung injury induction [1-LM] and histological analysis reveals [2-LM] alveolar edema and hemorrhage [3-LM].
4.4.1. Fig3withoutcircleortitle.pdf: please add circle as in original Figure 3
4.4.2. fig4withoutcircleortitle.pdf: please add circle to left image as in original Figure 4A

4.4.3. fig4withoutcircleortitle.pdf: please add circle to right image as in original Figure 4B
5. Conclusion
 (said by authors on camera):
5.1. Jens Kamuf: After watching this video, you should have a good understanding of how to induce an acute lung injury in pigs via central venous injection of oleic acid.
5.2. Andreas Garcia-Bardon: Don't forget that working with oleic acid can be extremely hazardous and that precautions, such as wearing gloves and safety glasses, should always be taken while performing this procedure.    
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi. The higher resolution, the better. Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files. 
Fig 1a.pdf
Fig 1b.pdf

Fig 2a.pdf

Fig 2b.pdf

Fig3withoutcircleortitle.pdf

fig4withoutcircleortitle.pdf
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.  

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples. 
All tubes/flasks should be pre-labeled neatly before we arrive. 
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.

�Authors: You do not need to include steps that will be screen captured.


�Authors: These statements were edited for length and/or clarity.


�Please move 2.5 completely at the end of part 2, after shot 2.8


�Authors: These statements were edited for length and/or clarity.
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