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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _____N_____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__Script Steps 3.2, 3.6, 3.7, 4.2, 4.3, 4.9_(note:  these do not exactly match the step numbers in the manuscript protocol)___

D.  What is the single most difficult aspect of this procedure?  Creating buffy coats within the volume and hematocrit specifications and finding the correct centrifuge setting for extracting platelets out of the buffy coat pool.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

0. Schematic Introduction

0.1. In this video, double dose buffy coat platelet concentrates are produced from whole blood donations and subsequently treated using the INTERCEPT Blood System for pathogen inactivation.  

0.1.1. INTRO

0.2. First, 7 units of donated whole blood are centrifuged and separated with an automated blood separator to yield 7 buffy coat units that meet volume and hematocrit targets.

0.2.1. P1:  Animate centrifugation (vibration motion) of the whole blood (top). Then, as shown in next few images, yellow plasma goes into bag on right and RBC simultaneously moves into bag on left. The bags are separated and the plasma and RBC bag then fade away leaving the 5th image, which is the remaining BC bag.  6 more of these then appear for a total of 7 bags.  
0.1. The buffy coats containers are connected, (P2) pooled…. and (P3) centrifuged.   The platelet suspension is then separated from the residual red blood cells using the automated blood separator to produce a double dose platelet concentrate.
0.1.1. P2: First animate 7 bags to connect them as shown.  Then animate to show all blood draining into bottom as shown.  The bottom back is disconnected and hooked up to empty bag as shown.

0.1.2. P3:  Fade in CF symbol and vibration motion to indicate spin. Fade to show separated components – then platelets move from the bag to the other bag.
0.2. To inactivate pathogens and leukocytes, the double dose platelet concentrate is treated using the INTERCEPT system, which crosslinks nucleic acids.
0.2.1. P4 - animation to show movement of fluid through the bag along the 8 steps. Green arrows and white arrow box behind “steps” can follow along.   Show panel 4 at end.
0.3. Ultimately, this procedure yields two therapeutic platelet doses with acceptable in-vitro quality over 7 days of storage as determined by assessment of pH, glucose, lactate, pO2, and pCO2.

0.3.1. P5 - images animation to transition between the graphs in sequence  
NOTE:  This is a PLACEHOLDER graphic.
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1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Mohammad R. Abedi, MD, PhD] The main advantages of this technique over conventional buffy coat preparation, which yields a single dose platelet concentrate, are that it maximizes component yield, reduces operating expenses, and improves patient safety by inactivating transfusion transmitted pathogens.   

1.2. [Mohammad R. Abedi,] Ann-Charlotte Doverud, a technician from my blood center, will demonstrate the procedure.

Protocol (read by voice talent at JoVE):

Protocol Text:  

2. Buffy Coat Preparation

2.1. [Mohammad R. Abedi, MD, PhD] “The processing requirements we will describe first ensure that the double dose platelet concentrate meets the INTERCEPT processing specifications of 300-420 mL volume, 2.5-7.0 x 1011 platelet dose, and at least 4 x 106/mL red cells.”

2.1.1. MED/WIDE: Preferably Ann-Charlotte would say the above line since she will be demonstrating.  If so: talent setting up experiment at workbench looks up and says the above line.  Otherwise, take this shot outside the laboratory during interview with Dr. Abedi.   NOTE: take shot with talent at far left or right of screen leaving room for a bullet list of text overlay) (Overlay as title with bullet list: INTERCEPT processing specifications: 300 mL  - 420 mL volume, 2.5-7.0 x 1011 platelet dose, ≤ 4 x 106 red cells)

2.2. Begin this procedure with 7 units of whole blood collected in 450 mL top/bottom collection sets.  Place the blood units in centrifuge cups. Perform a “hard” spin at 4880 RCF for 11 minutes at room temperature with [insert break info]. (authors, assuming the CF used can be more than one manufacturer, what does this setting mean? break setting B5 according to the instruction manual). 
2.2.1. MED:  Talent places the blood in the centrifuge (Overlay: 880 RCF, 11 min,  22±2°C, indicate break setting)
2.3. Following the spin the blood will be separated into three layers:  red blood cells, buffy coat, and plasma. 
2.3.1. CU:  Talent shows the bag (Editor please label the layers bottom to top:  RBC, Buffy Coat, Plasma)
2.4. Place the blood collection container in an automated blood separator programmed to reach a target mean volume and hematocrit range for the buffy coats of approximately 48 mL and 37%, respectively.   

2.4.1. MED:  Talent places blood collection container in the automated blood separator
2.5. Start the instrument to express the plasma into the top satellite bag and the red blood cells into the bottom satellite bag, leaving the buffy coat in the collection container. Place the buffy coats on a platelet agitator at room temperature overnight.   
2.5.1. CU: the blood separator has plates will “squeeze” the blood bag.  Plasma will flow through the tubing at the top to an attached satellite bag.  RBC will flow through the tubing at the bottom to another attached satellite bag.  Note to editor:  This shot was split into two during the shoot.   The second take shows only the top bag.   
2.5.2. MED:  Talent places buffy coats on a platelet agitator (Overlay: 22±2°C overnight)
3. Buffy Coat Pooling

3.1. Using a sterile connection device, connect 7 buffy coats and 300mL of SSP+ platelet additive solution in a vertical train configuration as shown here with the additive solution at the top of the train and a plastic clamp the line between it and the first buffy coat.  

3.1.1. CU:  Authors connect buffy coat and platelet additive solution using connection device
3.1.2. LAB MEDIA: 4414_Doverud_Figure1 step A (revised)
3.2. Once everything is set up, open the welds between the buffy coat units to and allow all of the buffy coats to drain into the last buffy coat container. 

3.2.1. CU:  Talent opens one of the welds between the buffy coat unit

3.2.2. MED:  Talent opens the last few welds between buffy coat untis and they drain into the last container.

3.3. Next, open the clamp and the weld between the additive solution and the first buffy coat. Allow approximately one-third of the additive solution, approximately 100 mL, to rinse through each of the buffy coat containers sequentially. 

3.3.1. MED:  Talent opens clamp and weld between the additive solution and the first buffy coat.  Solution rinses through each of the containers and buffy coats accumulate in the last container.
3.4. Close the clamp and allow the solution to run completely through the system. Repeat the wash two more times, each time using approximately 100 mL of the additive solution. 

3.4.1. CU:  Talent closes clamp

3.4.2. MED:  Talent opens the clamp between additive solution and solution starts to flow 

3.5. After the last wash, the buffy coat pool volume including the additive solution should be approximately 600 mL.  Disconnect the pooled buffy coat container from the empty containers.

3.5.1. CU:  Buffy coat bag is filled completely with solution.   Talent disconnects it from the other containers.  Note to editor: Three takes done. Take 3 preferred.
3.6. Place the pooled buffy coats on an agitator for one hour at room temperature.  Then, connect a sterile platelet storage container with an integrated leukoreduction filter to the bag containing the buffy coat pool.

3.6.1. CU:  Talent places the buffy coats on an agitator (Overlay: 1 h, 22±2°C)

3.6.2. CU:  Talent connects platelet storage container to the buffy coat pool

3.7. Place the pooled buffy coats and platelet storage container in a centrifuge and to separate the red blood cells from the platelets in suspension, spin at 462 RCF for 9 min and 20 seconds. 

3.7.1. MED from above:  Talent places pooled buffy coats and platelet storage container in CF and closes lid (Overlay: 462 RCF, 9m20s. 22±2°C) 

3.8. Following the spin, place the bag in an automated blood separator to express the platelet suspension through the leukoreduction filter into the platelet storage container.  

3.8.1. CU:  Talent places bag into automated blood separator and platelets are expressed through the tubing at the top of the bag, flow through the LR filter and into the platelet storage container
3.9. In order to ensure the platelets are within the volume required for INTERCEPT treatment, weigh the unit and calculate the volume prior to INTERCEPT treatment.  The maximum volume and platelet content are 420 mL and 7x1011, respectively. 
3.9.1. MED:  Talent weighs the platelets.  Note to editor: two takes done.   Take 2 is preferred.   
4. INTERCEPT Treatment 
4.1. Within a day of collection, the sample should undergo treatment using an INTERCEPT Processing Set, which consists of an amotosalen container, an illumination container, and Dual Storage Containers.   

4.1.1. MED:  Talent unwraps the intercept processing set from clear plastic pouch and points to each of the containers in the order above.

4.1.1B  CU: - talent points to the various components.  

4.2. Connect the platelet suspension container to the amotosalen container on the INTERCEPT processing set.  Label each of the two storage containers with the appropriate blood product identification. Then, hang the platelets on an IV pole.
4.2.1. CU:  Talent connects platelet suspension container to sterile tubing of amotosalen container

4.2.2. CU:  Talent labels containers with appropriate info (Overlay:  label following local requirements)

4.2.3. MED: Talent hangs bags on a hook/pole

4.3. Break the bottom cannula on the amotosalen container to allow the solution to flow into the illumination container.  Then, break the top cannula on the amotosalen container to allow the platelets to flow through the amotosalen container into the illumination container. 

4.3.1.  CU:  Talent manually breaks the bottom cannula 
4.3.1B  CU: on the amotosalen container and solution flows into illumination container

4.3.2. CU: Talent breaks top cannula on amotosalen container 
4.3.2B   CU:and platelets flow through it into the illumination container

4.4. Gently mix the platelet and amotosalen mixture and lightly squeeze the illumination container to express the air from the illumination container into the amotosalen container. 

4.4.1. CU:  Talent mixes by hand then squeezes illumination container to expres air. Note to editor: three takes were done.  
4.5. Next, carefully squeeze the illumination container to express a small amount of the platelet mixture to fill about 4 cm of the tubing.  This ensures platelets in both the tubing and illumination container undergo the pathogen inactivation treatment.

4.5.1. CU:  Talent squeezes illumination container to expresses small amount of platelet mixture into tubing.  Talent uses a tube sealer to seal tubing then talent removes the empty containers from the illumination container.  Note to editor:  there should be one long shot that encompasses the actions described.   
4.6. Use an RF tube sealer to seal the tubing between the illumination and amotosalen container. No more than 4 cm of tubing should extend from the illumination container. Remove and discard the empty platelet and amotosalen containers.
4.6.1. CU:  The talent removes the empty containers from the illumination container.
4.7. Close the clamps on the sampling pouches. Place the processing set in the illuminator with the illumination container in the large compartment on the left and the organizer in the smaller compartment on the right side. 
4.7.1. CU:  Talent closes clamps on sampling pouches
4.7.2. MED:  Talent places processing set into the illuminator as described above

4.8. The illuminator provides a controlled dose of UVA light to the platelet/amotosalen mixture in the illumination container. 

4.8.1. LAB MEDIA:  4414_Doverud_illuminator.ai (mechanism of action graphic)

4.9. The UVA light reacts with the amotosalen docked inside pathogen DNA and RNA, crosslinking the strands of nucleic acid, and blocking replication. Once treated, the pathogens can no longer multiply and cause disease in the recipient of the blood product.

4.9.1. LAB MEDIA:  4414_Doverud_illuminator.ai (mechanism of action graphic):
4.10. Using the hand-held barcode device, enter the donation ID, product code, and processing set lot number into the illuminator. Close the metal cover, and when prompted on the graphical interface of the illuminator, close the drawer.

4.10.1. CU:  Talent enters donation ID, product code, and processing set into hand-held barcode device.
4.10.2. MED:  Talent closes metal cover, is prompted to close drawer, and talent closes illuminator drawer.

4.11. Press “Start” to Illuminate the sample.  After illumination, remove the processing set.  The instrument automatically prints the report for the treated platelet unit.
4.11.1. CU:  Talent presses start
4.11.2. CU: Talent removes processing set from illuminator (Overlay: Illumination takes 3-4 min)
4.11.3. CU:  illuminator prints treatment report

4.12. Next, unwrap the containers from the integral organizer that holds the compound adsorption device or “CAD” container and storage containers together. Hang the platelets and processing set on an IV pole or other suitable hook,

4.12.1. CU:  Talent unwraps containers from organizer
4.12.2. CU:  Talent hangs platelets and processing set
4.13. Break the cannula at the outlet of the illumination container, and allow the platelets to flow into the CAD container.  

4.13.1. CU:  Talent breaks cannula. Note to editor.  These two takes were combined in one shot.  
4.13.2. CU:  Talent allows platelets to flow into CAD container

4.14. Inside the CAD container is a wafer with immobilized, macroporous polystyrene beads that reduce the levels of unreacted amotosalen in the blood product. 
4.14.1. Continue previous shot (4.13.3)
4.15. Taking care not to bend the CAD wafer, use a plasma extractor to express the air from the CAD container into the illumination container.  Seal the tubing near the inlet port of the CAD container.  Remove and discard the empty illumination container.
4.15.1. CU:  Talent uses plasma extractor to express air from CAD container into illumination container
4.15.2. CU:  Talent seals the tubing near the inlet port of the CAD container with an RF sealer
4.15.3. MED:  Talent removes and discards the empty illumination container.

4.16. Place the CAD container with the attached storage containers on a platelet agitator for 6 hours to 16 hours.  This will result in reduction of residual amotosalen to a concentration of ≤ 2 µM. After CAD treatment, remove the platelet units from the agitator.

4.16.1. CU:  Talent places the CAD container with attached storage containers on a platelet agitator (overlay 6-16 hours 22±2°C)
4.16.2. CU:  Talent removes platelet units from agitator
4.17. Hang the platelets. Break the cannula at the outlet of the CAD container and allow platelets to flow into the storage containers. .
4.17.1. MED:  Talent hangs platelets

4.17.2. CU:  Talent breaks the cannula and platelets flow into the storage containers
4.18. Next, express the air from the storage containers into the CAD container by gently squeezing the storage containers.  Let the residual platelet concentrate flow back into the storage containers by gravity to optimize platelet recovery. 

4.18.1. CU:  Talent squeezes storage container to expresses the air into the CAD container.   An air bubble or bubbles will exit the storage container and travel through the tubing to the CAD container.  
4.19. Then, place a clamp above the Y-fitting and seal the tubing to each storage container a few centimeters above the inlet; this facilitates obtaining a sterile sample from the final product as described in the next section.  Next, redistribute the volume between the storage containers as needed to achieve equal weights

4.19.1. CU:  Talent places clamp above the Y fitting
                       4.17.3. Then, redistribute the volume between the storage containers as needed to achieve equal weights

4.19.2. CU:  Talent seals tubing to each storage container about the inlet 
5. Product Sampling

5.1. For routine quality control, the final storage containers can be sampled once by using the sampling pouch on the storage containers. 

5.1.1. CU:  Talent points to pouch on storage container

5.2. To do so, ensure the platelet unit is well mixed, then open the clamp to the pouch and squeeze several times. After the pouch has filled with platelets, seal the tubing. Transfer the platelet sample into an appropriate laboratory tube and perform assays immediately.

5.2.1. MED:  Talent mixes platelet unit

5.2.2. CU:  Talent opens clamp and squeezes several times and pouch fills with platelets.  Talent seals tubing

5.2.3. CU:  Talent transfers sample into tube

5.3. To obtain samples at multiple time points over the course of storage, such as for a validation study, use a sterile connection device to attach a new sampling container to the tubing of the platelet storage container. 

5.3.1. CU:  Talent connects new sampling container to tubing of platelet storage container.

5.4. Ensure that platelets are well mixed.  Then, open the weld and squeeze the sample into sample container.

5.4.1. CU:  Talent mixes well opens the weld, and transfers to new sampling container
6. Analysis of stored platelets

6.1. To assess in vitro platelet function, the platelet dose, pH, pO2, pCO2, lactate production and glucose consumption of the platelet concentrates were determined following INTERCEPT treatment over 7 days of storage. 

6.1.1. Title screen

6.2. This figure shows mean starting platelet dose of the double dose platelet concentrate before INTERCEPT treatment and the mean platelet dose in each of the split products after INTERCEPT treatment over 7 days of storage. 

6.2.1. 4414_Doverud_Figure 3

6.3. As can be seen here, platelet loss during storage was approximately 9%.  This reduction is not different from the expected loss of platelets during storage of conventional platelets.

6.3.1. 4414_Doverud_Figure 3

6.4. Per European requirements, the pH of platelets must remain above 6.4 through the end of shelf life.  During processing, the pH of the platelet concentrates drops slightly based on the platelet concentration, volume, and the gas permeability of the platelet storage container.  

6.4.1. 4414_Doverud_Figure4

6.5. This figure shows the pH of the split platelet products over 7 days of storage.  During storage, the pH is stable and well maintained within the processing requirements.   

6.5.1. 4414_Doverud_Figure4

6.6. Aerobic metabolism should continue to take place in stored platelets and is an indicator of the ability of the platelets to function in vivo after transfusion into a patient.  The platelet O2 consumption and the CO2 production indicate continued respiration by the INTERCEPT platelets in the PL2410 container during 7 days of storage.  

6.6.1. 4414_Doverud_Figure 5A

6.6.2. 4414_Doverud_Figure5B
6.7. Likewise, anaerobic metabolism should continue in stored platelets. Thus, glucose consumption and lactate production are indicators also indicators of the platelets ability to function following transfusion.

6.7.1. 4414_Doverud_Figure 6A and 6B

6.8. These two figures show the lactate and glucose levels over 7 days of storage.  Platelet glucose consumption and lactate production are consistent with each other during the 7 days of storage. 

6.8.1. 4414_Doverud_Figure 6A and 6B

6.9. Five units had glucose levels of less than 1.11 mmol/L, which is the lower limit for the glucose assay.  

6.9.1. 4414_Doverud_Figure 6B 

7. Conclusion (said by authors on camera)
7.1. [Mohammad R. Abedi, MD, PhD]: After watching this video, you should have a good understanding of how to produce a pathogen inactivated double dose platelet concentrate from the buffy coat method.
7.2. [Mohammad R. Abedi, MD, PhD]: The buffy coat preparation and pooling validation produced platelet concentrates that meet the input criteria for INTERCEPT treatment; specifically, volume, platelet count, plasma ratio, and red blood cell contamination.  The final units meet the validation criteria over 7 days of storage including platelet dose and pH.
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4414_Doverud_illuminator.ai (mechanism of action graphic):
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.

( 2010, Journal of Visualized Experiments


