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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _Y 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __N__  
C.  Location: Will the filming need to take place in multiple locations? (Y/N) __N__  
D.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video?  3.6, 3.7, 3.10 - 3.15, 4.6, and 4.7 
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

The cannulation technique is the most difficult aspect of the procedure.  It requires training/practice.

1. Introduction 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of procedure is to provide a novel approach to a cardiopulmonary bypass in a mouse to improve investigations into the molecular mechanisms underlying heart damage. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Nodir Madrahimov: This method can help answer key questions in the field of cardiac surgery, especially those related to the extended use of cardiopulmonary bypass with prolonged cardioplegia.
Nodir Madrahimov: The main advantage of this technique is that will facilitate investigation into the molecular mechanisms of organ damage and the effect of cardiopulmonary bypass in relation to other comorbidities.
Nodir Madrahimov: Helping me demonstrate the procedure will be Abdurasul Khalikov, a PhD student from my lab, and Slavica Schuemann a technical assistant from our department. 
Interview style: Author saying the above 
Abdurasul looks up from workbench or desk or microscope and acknowledges the camera. 
Slavica looks up from workbench or desk or microscope and acknowledges the camera.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4.Procedures involving animal subjects have been approved by the Lower Saxony State Office for Consumer Protection and Food Safety.


Protocol: (read by voice talent at JoVE)
[bookmark: _Hlk480451697]Surgical Equipment Preparations
First prepare a number-2 French, polyurethane cannula for the surgery.  [1.WID-TXT]
Establishing shot, TEXT: See the text protocol for a complete description of preparations.
Insert a 27 Gauge metal needle into the cannula and, under a microscope, [1.CU] use a surgical blade and micro-scissors to make three or four fenestrations within the distal third of the cannula. [2.SCOPE]  This will assure optimal venous return flow. [2.2.3.]
Inserting needle into cannula and placing under microscope
Making cuts into the cannula
Added shot: WIDE shot of 2.2.2
First, add Sterofundin… [2.3.1.A] and then Tetraspa into tube. [2.3.1.B] Next, prepare the priming solution for the CPB circuit. [1.MED-TXT] Include heparin and, for buffering, sodium bicarbonate. [2.3.3.] Then, store the solution at 4 °C. [2.MED-TXT]
2.3.1.A Added shot: Adding Sterofundin. MED
2.3.1.B Added shot: Adding Tetraspa into tube. CU
Preparing solution, show the bottles of Heparin and NaBic, TEXT: Cardiopulmonary Bypass (CPB)
Adding NaCO3 to solution and mixing, TEXT: 30 IU Heparin sulphate / mL, 2.5% v/v NaCO3, 4 ºC
Added shot: Adding NaBic
To prime the CPB circuit, add 850 µL of priming solution [2.MED] via the venous cannula.  [1.CU] Once primed, keep the solution circulating… [3.MED] until the animal is ready for cannulation. [2.4.4.]
Drawing up 850 µL of solution into pipette Filling the machine
Ejecting solution into cannula
Setting circulation on the CPB circuit
Added shot: Showing circulation from different angle
Surgery: Preparing for the Cardiopulmonary Bypass 
[bookmark: _GoBack]3.1.A.Cannulate the left femoral artery for blood analysis. First, expose the groin area and [3.9.1.] then gently separate the common femoral artery from the femoral vein and femoral nerve. [3.9.2.]

3.9.1. Exposing the groin area to access the femoral. Editor: This is originally 3.9 moved here.
3.9.2. Accessing the femoral and separating nerve from vessel, TEXT: Perform under 25x magnification
After full anaesthesia and intubation is achieved, [1.MED] perform a midline skin incision into the neck using sharp, fine scissors.  Then, separate the muscles in a blunt fashion [2.ECU] to expose the right jugular vein and left carotid artery.  As needed, coagulate the small vessels using a veterinary coagulator connected to bipolar forceps. [3.SCOPE]
Establishing shot of mouse prepared for surgery, tools and so forth are all ready as well, pan over bench
 Midline Incision followed by blunt dissection to right jugular and left carotid
Use scope now, to show major blood vessels, and coagulation of bleeding vessels
After preparing the jugular vessels, cranially ligate the distal segment of the left common carotid artery to its bifurcation using 8-0 silk sutures. [1.SCOPE]
Ligating common carotid as described, e.g. “film as written 
 [1.SCOPE-TXT] Next, place 8-0 silk suture slip knots at the proximal segment of the artery [2.SCOPE] and insert the tip of the cannula into the carotid artery.
Film as written, TEXT: 0.5 mm ID, 1 mm OD silicone
Film as written. Editor: These shots 3.3.2., 3.3.3. and 3.3.4. come before 3.7.1.
Added shot: Inserting cannula
Added shot: SCOPE shot of cannula Editor: Try to use this shot as inset during 3.3.3.
Advance the cannula tip to between 3 and 4 mm proximal of the aortic arch and secure it there with 8-0 silk knots.  [1.SCOPE]
Film as written 
Next, using microsurgical forceps and scissors, make a blunt preparation of tissue laterally to the sternocleidomastoid muscle to expose the right jugular vein close to the clavicle. [1.SCOPE]
Film as written, show right jugular close to clavicle
Then, ligate the distal and proximal ends of the jugular vein using 8-0 silk.  Following the ligation, place the tip of the venous cannula into the right jugular and advance it into the right atrium.  Then, knot the suture to secure the cannula. [1.SCOPE]
Film as written, ligation and cannulation
Next, place 8-0 silk suture slip knots at the proximal segment of the artery [3.3.2.] and insert the tip of the cannula into the carotid artery. [3.3.3.] [3.3.4] For optimal venous return, [1.SCOPE/ECU/CU] it may be necessary to advance the venous tip into the right ventricle. [2.SCOPE]
Evidence of optimal venous return, ask talent for suggestion Talent makes incision
Detail of cannula being advanced into. right ventricle 
Once the correct cannula position is achieved, carry out a systemic heparinization [1.MED] by adding 2.5 units of heparin per gram of the animal bodyweight [2.CU] via direct intravenous injection into the jugular vein. [3.SCOPE]
Loading syringe with heparin solution
Attaching needle and preparing to inject into cannula
Injecting solution into cannula
The next step is to cannulate the left femoral artery for blood analysis. First, expose the groin area and [1.ECU] then gently separate the common femoral artery from the femoral vein and femoral nerve. [1.SCOPE-TXT]
Exposing the groin area to access the femoral. Editor: These shots 3.9.1. and 3.9.2. are moved before 3.1.
Accessing the femoral and separating nerve from vessel, TEXT: Perform under 25x magnification
Next,ligate the distal part of the femoral vein and temporarily occlude the proximal part with a slip-knot. [3.10.1] Then, make a small incision on the anterior wall using micro-forceps, to fit the cannula. [2.SCOPE]
Added shot: make a small incision on the anterior wall using micro-forceps, to fit the cannula ECU
 Final situation as SCOPE
Now, insert a number-one French polyurethane cannula [1.SCOPE] and secure it with a silk 10-0 suture. [3.11.2]
Film as written, cannulation SCOPE
 Added shot: Securing
Next, perform an upper sternotomy under full monitoring. [1.MED] Use sharp scissors starting from the manubrium and go 5 mm in the caudal direction. Coagulate the sternal edges immediately and expose the aortic arch by pulling the right carotid artery in the cranial direction. [2.SCOPE-TXT]
Brief break from scope shots to pan over the surgical setting with mouse ready for the sternotomy Editor: USE 4.3.1if it fits. Don’t really know what the authors wanted when they requested to use 4.3.1.
Film as written, incision, coagulation and exposure of aortic arch, TEXT: 5 mm caudal from manubrium Editor: Try to use shots 3.12.2-3.12.4 one after another if that fits, or the best shot, or maybe ECU as an inset here.
 Added shot: WIDE shot of preparation
 Added shot: Aorta is shown ECU
For optimal control, circumferentially free the aortic arch from thymus and surrounding tissue to facilitate clamping.  [1.SCOPE]
Film as written
Then, place a 8-0 silk loop around the ascending aorta and pull the silk loop in the cranial direction.   There should be enough exposure of the ascending aorta to place the cross clamp for cardioplegia. [1.SCOPE]
Film as written, show extent of exposure of ascending aorta and how the cross clamp could be placed, but it not being placed yet, just show that it will fit
Surgery: Cardiopulmonary Bypass and Blood Gas Analysis (BGA)
For BGA samples, use a glass capillary tube [1.MED] to collect 60 to 90 μL of arterial blood via the femoral artery catheter. [2.CU] To fill a tube, slowly release the clamp on the silicone tubing. [3.ECU] Then transfer blood from the syringe into capillary. [4.1.1.]
Preparing a glass capillary from blood sample
Placing capillary near catheter
Releasing clamp on artery and filling tube. Collecting blood into syringe
Prepare to take four samples: 10 minutes after initiation of the CPB, [1.CU] 15 minutes after respiratory arrest, [2.CU] 30 minutes after respiratory arrest and 20 minutes after cardiac arrest. [3.CU]
Blood is transferred from syringe into capillary
Labelling another for 15 min post-CBP
Placing fourth capillary next three others, all labelled
To initiate the CPB… [4.3.0] start the pump at about 0.5 mL per minute. [1.CU-TXT] Within two minutes, increase the flow to 4 to 6 mL per minute. [2.MED] [3]
4.3.0 Added shot: Open slip knot
Starting the pump, show flow setting, TEXT: Adjust to systemic pressure measurements.
Talent checking pertinent vital signs and increasing the pump flow rate
WIDE shot of 4.3.2 Editor: Not sure what they want with this shot, if you can use both, use them, if not use the one that looks better.
Under a stable CPB flow, initiate respiratory arrest by stopping the ventilation. [1.MED] Within the first 20 minutes of respiratory arrest, [1.CU] topically cool the animal using gauze soaked in a cold saline. [2.CU]
Adjusting the ventilation settings to stop ventitaltor
Meter/action showing indication of respiratory arrest in mouse, talent’s choice Talent adjusting temperature
Placing cooling gauze around mouse
Once the body temperature is at 28 ºC and after 30 minutes of respiratory arrest, [1.CU-TXT] administer 0.3 mL of 7.45% potassium chloride [2.MED-TXT] into the CPB circuit to initiate cardioplegia. [2.CU]
Checking mouse’s body temperature, reads 28 ºC, TEXT: 28 ºC, 30 min post-respiratory arrest
Preparing the KCl bolus, TEXT: 0.3 L 7.45% KCl
Injecting the KCl bolus into the CPB circuit
To cross clamp of the aorta, pull the previously placed loop in the cranial direction and place a micro-serrefine clamp on the ascending part of the aorta.  [1.SCOPE]
Film as written, cross clamping aorta
Perform a total of 60 minutes of respiratory arrest and 30 minutes of cardiac arrest. [2.WID-TXT]
Pan over surgical setting, talent monitoring the mouse, TEXT: 60 min respiratory arrest; 30 min cardiac arrest
Added shot: WIDE shot Editor: Not sure what they want with this shot, if you can use both, use them, if not use the one that looks better
To initiate reperfusion of the heart, remove the clamp and [1.SCOPE] simultaneously, re-ventilate [2.MED] and warm the animal to 37 °C. [4.8.3.]
Removing the clamp 
Starting the ventilator and removing cold gauze from around mouse
Added shot: Setting temperature to 37 C
After reperfusion is completed [1.CU] and the animal has reached normothermia, [2.CU] terminate the CPB by turning off the pump. [3.MED]
Evidence of completed reperfusion, talent’s choice
Temperature of mouse, reading closer to 37 ºC (normothermia) Authors’ note: Comes as separate file from lab
Turning off the pump
Then, continue to monitor the animal for 20 minutes before euthanasia. [1.WID]
Talent monitoring the mouse
Results: BGA Measurements
Using the described protocol, reproducible results could be consistently obtained.  Physiological parameters were assessed using BGA at four different time points during a successful procedure.
 Figure 1 – animate by drawing all event on timeline from left to right
Hematocrit measurements showed hemodilution due to the addition of priming volume to the circuit. [1.LM] There was, however, no need for blood transfusion as hemoglobin levels were maintained at sufficient levels during the course of the experiment.  [2.LM]
Table 1 – highlight row 2
Table 1 – highlight rows 3 and 4
BGA also provided insight into the metabolic status of the animas. After initiation of CPB with ventilation, arterial pH was elevated.  As expected, a gradual reduction in arterial pH was observed during the respiratory arrest.
Table 1 – highlight pH row, row 6

Conclusion (said by authors on camera)
Nodir Madrahimov: Once mastered, the technique can be done in 3 to 3.5 hours if it is performed properly.
Nodir Madrahimov: While attempting this procedure, it’s important to practice the cannulation technique and to closely monitor perfusion pressure, oxygenation, and hemodynamic parameters.
Nodir Madrahimov: Ultimately, this model will allow for investigations into the molecular mechanisms of acute organ injury.  The model will also facilitate the study of CPB in the context of various comorbidities and it may even foster novel microsurgical techniques in mice. 

Provided Media

5.1.1  –  Nodir JOVE timeline.ai  –  experimental timeline and BGA sampling points
5.2.1 and 5.3.1  –  Nodir JOVE Table.ai  –  representative BGA results from a successful CPB


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 are included in the email accompanying the finalized script.
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