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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? Please list 4-6 individual steps using the step numbers listed in this document. (You do not need to include steps that will be screen captured. Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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 experiment is to establish a simple and reproducible animal model of hemodynamic monitoring in acute respiratory distress syndrome, or ARDS. (Intro)

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Rahel Kluttig: This method can help answer key questions in the field of clinical intensive care about hemodynamic monitoring, right ventricular dysfunction, and ARDS
1.2. Rahel Kluttig: The main advantages of this technique are that it is simple and easy to reproduce.  

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Rosannis Brown: The implications of this technique extend toward patient volume status assessment in the critical field of ARDS.
1.4. Niko Zach: Though this method can provide insight into disease pathogenesis, monitoring, and volume status in ARDS, it can also be applied to heart failure, sepsis, or respiratory failure.
1.5. Till Friedheim: Generally, individuals new to this method will struggle, because the success of the procedure requires skilled anesthesia, cardiac surgery, and intensive care medicine implementation.
1.6. Constantin Trepte: Visual demonstration of this method is critical, the bleeding that occurs during open-heart surgery can impair your vision as you are learning the steps of the procedure. 
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 toward word length total)
1.7. Procedures involving animal subjects have been approved by the Governmental Commission on the Care and Use of Animals of the City of Hamburg at University Hospital Hamburg.

Protocol: (read by voice talent at JoVE)

2. Vital Parameter Measurements
2.1. Using an ultrasound and Seldinger’s technique [1-WIDE], place a needle into the left femoral artery of a 3-6-month-old, anesthetized adolescent pig and insert a wire through the needle into the vessel [2-LM-TXT].
2.1.1. Talent inserting needle, with ultrasound and ultrasound monitor visible in frame
2.1.2. *To be provided by Authors: Needle being inserted into artery, then wire being inserted through needle [TEXT: Anesthesia: 2.0% + infusion 0.01 mg/(kg/h) fentanyl]
2.2. After verifying correct placement of the wire, remove the needle [1-LM-TXT].
2.2.1. *To be provided by Authors: Shot of correctly placed wire (TEXT: Keep wire in vessel until catheter placement), then needle being removed 
2.2.2. Talent placing dilator onto write
2.3. Gently press the dilator through the skin [1-CU] into the vessel using the wire as guidance and remove the dilator [2-MED].
2.3.1. Dilator being pressed through skin
2.3.2. Talent removing dilator 
2.4. Then place 8-French introducer sheath with a combined dilatator onto the wire, taking care that the end of the wire is observed at the end of the catheter [1-CU], and place the catheter into the vessel using gentle pressure [2-LM-TXT].
2.4.1. Catheter being placed onto wire, with end of wire visible in end of catheter
2.4.2. *To be provided by Authors: Catheter being placed into vessel (TEXT: Gently pull wire and dilatator out of catheter to remove)
2.5. Place 5-French, thermistor-tipped arterial catheter into the right femoral artery [1-LM] and a central venous catheter and an 8-French introducer sheath into the jugular vein as just demonstrated [2-LM].
2.5.1. *To be provided by Authors: Shot of 5-French, thermistor-tipped arterial catheter being introduced to right femoral artery
2.5.2. *To be provided by Authors: Shot of central venous catheter and an 8-French introducer sheath being introduced to jugular vein
2.6. Next, insert a 7-French pulmonary artery catheter into an 8-French introducer sheath [1-MED] and place the pulmonary artery catheter into the right ventricle [2-LM].
2.6.1. Talent insert catheter into sheath
2.6.2.  *To be provided by Authors: catheter being inserted into right ventricle
2.7. Then insert the first Millar-tip catheter into the 8-French introducer sheath in the left femoral artery and place the sheath into the aorta [1-LM].
2.7.1. *To be provided by Authors: Catheter being inserted into sheath and catheter being introduced to aorta
Author comment: To verify the placing of the pulmonary artery catheter in the right ventricle the pressure curve on the screen should show a right ventricular pressure curve (shown in the yellow curve)
2.8. Using electrocautery, make a 5-10-cm incision from above the symphysis down to the linea alba [1-MED-over the shoulder] and use scissors to open the linea alba [2-CU].
2.8.1. Talent making incision
2.8.2. Linea alba being opened
2.9. Gently exteriorize the bladder [1-CU] and use a 3/0 suture to place a purse string suture in the bladder [2-ECU].
2.9.1. Bladder being exteriorized
2.9.2. Shot of suture/suture being placed
2.10. Use a #11 scalpel blade to make an approximately 5-mm incision in the bladder [1-CU] and insert a urinary catheter into the bladder [2-CU].
2.10.1.  Incision being made
2.10.2.  Catheter being inserted
2.11. Then inflate the catheter balloon with water [1-MED] and use a purse-string suture to secure the balloon [2-CU], closing the abdomen with a second 3/0 suture [3-CU].
2.11.1.  Talent inflating catheter
2.11.2.  Balloon being secured
2.11.3.  Abdomen being closed
3. Heart Preparation
3.1. To prepare the heart, increase the inspiratory oxygen rate to 1 [1-WIDE] and administer 8 mg of pancuronium intravenously [2-MED].
3.1.1. Talent increasing oxyten rate to 1
3.1.2. Talent administering pancuronium 
3.2. Using electrocautery, make a medial incision down the sternum [1-MED-over the shoulder] and gently dissect the sternum from the surrounding tissue [2-CU].
3.2.1. Talent making incision
3.2.2. Sternum being dissected
3.3. Divide the bone with an oscillating saw [1-CU] and use electrocautery to reduce the bleeding [2-ECU].
3.3.1. Bone being divided
3.3.2. Electrocautery reducing bleeding
3.4. Seal the sternum with bone wax [1-CU] and use a sternal rib spreader to open the chest as much as necessary for the surgery [2-CU].
3.4.1. Sternum being sealed
3.4.2. Spreader being placed/ribs being spread
3.5. Using scissors and forceps, gently open the pericardium [1-CU] and fix the tissue to the skin with a 2-0 suture [2-ECU].
3.5.1. Pericardium being opened
3.5.2. Shot of suture/suture being placed
3.6. Gently dissect down the pulmonary and artery ascending aortas [1-CU-TXT] and carefully place ultrasound flow probes around both arteries [2-ECU].
3.6.1. Aorta(s) being dissected (TEXT: Caution: Avoid bleeding)
3.6.2. Shot of probe(s) around at least one artery
3.7. Using a 5-0 suture, place two purse string sutures in the pulmonary artery [1-CU] and use a #11 scalpel blade to make an approximately 1-mm stitch incision between the purse strings [2-ECU].
3.7.1. At least one suture being placed
3.7.2. Incision being made
3.8. Place the Millar catheter into the pulmonary artery before fixing the catheter with the sutures [1-CU] and carefully clamp the left atrial appendage  [2-ECU].
3.8.1. Catheter being placed
3.8.2. Clamp being placed 
3.9. Use a 4-0 suture to place two purse string sutures [1-CU] in the atrium followed by a small incision [2-ECU].
3.9.1. At least one suture being placed
3.9.2. Incision being made
3.10. Place a central venous line into the left atrium [1-CU] before fixing the line with the purse string sutures [2-ECU] and suture a sterile glove over the pericardial opening [3-MED-over the shoulder-TXT].
3.10.1.  Line being placed
3.10.2.  Shot of suture
3.10.3.  Talent suturing glove over opening (TEXT: Sterile glove closure maintains hemodynamics)
3.11. Then perform a sternal closure with wires [1-CU] and close the skin with a 3-0 suture according to standard procedures [2-CU].
3.11.1.  Sternum being closed
3.11.2.  Shot of sutures/sutures being placed
4. Assessment & Data Acquisition, Acute Respiratory Distress Syndrome (ARDS) Induction, and Volume Optimizing
4.1. To measure the hemodynamic parameters, use the data analysis software to obtain 2 minutes of aortic and pulmonary artery flow measurements [1-WIDE], as well as aortic and pulmonary artery pressure measurements [2-SCREEN].
4.1.1. Talent at computer, obtaining aortic and pulmonary artery flow measurements, with monitor visible in frame
4.1.2. *To be provided by Authors: Shot of representative aortic and pulmonary artery pressure measurements
4.2. To perform transcardiopulmonary thermodilution, click TD-Start in the Pulse Contour Cardiac Output System 2 [1-MED-over the shoulder-TXT].
4.2.1. Talent clicking TD-Start with monitor visible in frame (TEXT: Transcardiopulmonary thermodilution to obtain cardiac output and as pulse pressure/stroke volume variance measurements)
4.3. Then inject 15 mL of 10 °C saline into a thermistor at the central venous line in the jugular vein three times for thermodilution at each measurement step [1-MED] and obtain an arterial, central venous, and mixed venous blood gas sample after each transcardiopulmonary thermodilution measurement step [2-CU].
4.3.1. Talent injecting saline
4.3.2. At least one sample being obtained 
4.4. After obtaining a baseline measurement for each parameter [1-LM], connect an infusion pump to the central venous line to deliver 5 mL/kg of colloidal infusion [2-CU].
4.4.1. *To be provided by Authors: Graph/Table of baseline measurements for each parameter if possible
4.4.2. Pump being connected to central venous line
4.5. After 5 minutes of equilibration, start another measurement step [1-CU-TXT] and continue with the volume loading and equilibration steps until a balanced fluid status is reached [2-SCREEN].
4.5.1. Saline being injected (TEXT: Repeat volume loading if M1 CO does not increase by ≥10% over M0 CO)
4.5.2. *To be provided by Authors: Readout of balanced fluid status
4.6. To induce acute respiratory distress syndrome with consecutive right ventricular dysfunction, first increase the inspiratory oxygen rate to between 0.5-0.8 as necessary [1-MED] to maintain a peripheral capillary oxygen saturation of at least 90% [2-CU].
4.6.1. Talent increasing oxygen rate
4.6.2. Readout of 90% peripheral capillary oxygen saturation
4.7. Next, infuse oleic acid into the superior vena cava [1-CU-TXT], using a perfusor to deliver continuous adrenalin to keep the hemodynamics stable [2-CU-TXT] and delivering calcium, magnesium and antiarrhythmics as necessary to maintain a stable sinus rhythm [3-CU].
4.7.1. Added shot: Adrenaline being infused 
4.7.2. Oleic acid being infused (TEXT: infuse 0.03-0.06 mL Oleic acid/kg for about 2 h)
4.7.3. Calcium, magnesium, and antiarrhythmics being infused (TEXT: Increase infusion rate as necessary to maintain MAP 50 mmHg)
4.8. When mild to moderate acute respiratory distress has been achieved [1-LM], measure all of the same hemodynamic parameters as just demonstrated [2-MED].
4.8.1. *To be provided by Authors: Readout of ARDS being achieved
4.8.2. Talent collecting sample(s)
5. Results: Representative Hemodynamic Measurements
 
5.1. Oleic acid infusion as just demonstrated induces mild to moderate acute respiratory distress, as evidenced by a robust oxygenation index decrease [1-LM] that is accompanied by a statistically significant increase in carboxylated blood [2-LM].

5.1.1. Authors: please upload the graph from Figure 6 through the submission link as its own .ai or .psd file without the asterisk: please add asterisk as in original graph
5.1.2. Authors: please upload the graph from Figure 7 through the submission link as its own .ai or .psd file without the asterisk: please add asterisk as in original graph

5.2. To measure the pulmonary vascular resistance to monitor pulmonary hypertension, a catheter can be placed in the left atrial, as a pulmonary artery catheter placed in the pulmonary artery through the pulmonary flow probe can result in incorrect flow measurements [1-LM]. 

5.2.1. Figure 5.jpg: no animation

6. Conclusion (said by authors on camera):
6.1. Rahel Kluttig: Once mastered, this technique can be completed in 5 hours if it is performed properly.
6.2. Till Friedheim: While attempting this procedure, it’s important to remember to take up to two hours to administer the oelic acid, as a too quick delivery has a severe negative impact on the hemodynamics.
6.3. Rahel Kluttig: Following this procedure, other methods that include hemodynamic monitoring in a large animal model can be performed to answer additional questions about different treatment methods for diseases like sepsis, heart failure, and multi-organ failure.
6.4. Till Friedheim: After its development, this technique paved the way for researchers in the field of ARDS and consecutive right ventricular dysfunction to explore the appropriate volume load and to find a better treatment for these high morbidity and mortality diseases. 
6.5. Rahel Kluttig: After watching this video, you should have a good understanding of how to perform hemodynamoc monitoring, invasive measurement, and open-heart surgery procedures after inducing ARDS in a large animal model. 
6.6. Rosannis Brown: Don't forget that working with living animals such as pigs requires ethical approval and should only be done if absolutely necessary for the understanding of the treatment of a disease.
  

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. 

Figure 5.jpg

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.
 2017, Journal of Visualized Experiments

