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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO_____  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__YES, analyzer is run by software, but only few and easy steps are necessary______ 

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. (Please do not list entire sections.) 
Steps: 2.8; 2.9; 2.10; 3.1; 3.9; 4.2; 4.6
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.) 
Steps 2.3 + 2.4: 
Sterile conditions for joint aspiration are crucial!

Step 3.9: 
The PCR Procedure itself is very simple; Interpretation and reporting of the data is essential to make correct clinical conclusions

Step 4.7: 
Use of blood culture bottles for sonication fluid helps achieving faster results

E.  Will the filming need to take place in multiple locations? (Y/N) _YES______ If yes, how far apart are the locations? 
Two locations (Orthopedics and Microbiology, app. 300 m apart, same campus)
Authors: Will it be possible to pause the procedure for slating and camera setup between actions?  
For Joint aspiration (Step 2): No.  

For PCR and Sonication (Step 3 and 4): Yes
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of the procedures described, with joint aspiration, multiplex polymerase chain reaction and sonication - is to deliver fast and reliable microbiological results to the orthopedic surgeons, in cases of suspected periprosthetic joint infection. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gunnar Hischebeth: This method can help answer key questions in the diagnostic and therapeutic field of periprosthetic joint infection, such as early findings of pathogens and therefore early targeted treatment. 
1.2. Thomas Randau: The main advantage of these techniques is the delivery of prompt results. It can speed up the differential diagnostics in cases of suspected periprosthetic joint infection.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the local ethics committee (046/09, Rev. 3).  Informed consent and data privacy statements were obtained from all patients included.
Protocol: (read by voice talent at JoVE)
2. Joint Aspiration
2.1. After preparing the instrument table and dressing for surgery according to the text protocol [2-WIDE], position the patient in a supine position on an examination bed [1-WIDE].  
2.1.2 Talent helps patient into supine position on bed Initial shot of prepared instrument table and talent approaches table dressed for surgery
2.1.1 Initial shot of prepared instrument table and talent approaches table dressed for surgery Authors note: 2.1.2 should go before 2.1.1
2.2. Use electric clippers to shorten dense or long body hair [1-MED/CU-TXT]. If the knee is to be punctured, place a knee roll under the patient’s knee so that the knee rests in a slightly flexed position [3-MED].
2.2.1. Talent uses electric clippers to shorten dense or long body hair (TEXT: Do not remove body hair with razor)
2.2.2. Talent positions fluoroscope in anteroposterior direction

2.2.3. Talent places knee roll under patient’s knee and knee is seen slightly flexed
2.3. Next, use a skin disinfectant to thoroughly wash the patient’s skin at the puncture site [1-MED/CU-TXT].
2.3.1. Talent uses disinfectant to wash patient’s skin at puncture site (TEXT: e.g. superior recessus for the knee and anterolateral portal area for the hip)
2.4. With a fenestrated sterile drape, cover puncture site [1-MED].  Then identify the puncture site through the drape [2-CU].   Using a pointed scalpel blade, make a small stab incision through the skin at the incision site [3-CU-TXT].  
2.4.1. Talent covers puncture site
2.4.2. Talent identifies puncture site through drape
2.4.3. Talent uses pointed scalpel blade to make small stab incision through skin (TEXT: 3–4 mm wide and deep)
2.5. Attach the cannula to the Luer slip of the syringe [1-CU]. Then insert the cannula through the stab incision [2-CU].  
2.5.1. Talent attaches cannula to luer slip of syringe
2.5.2. Talent inserts cannula through stab incision
2.6. At the superior recess of the knee joint, aim at a 45° angle dorsal and medial, towards the recess below the top pole of the patella, and insert the needle to a depth of approximately 5 cm.  Aspirate the joint fluid by drawing out the syringe’s piston [1-CU]. To prevent the formation of hematomas, apply a dressing followed by a bandage to the stab incision. [2.6.2.]
2.6.1. Talent aims needle at a 45° angle dorsal and medial, towards the recess below the top pole of the patella and inserts needle 5 cm then aspirates joint fluid

2.6.2. Added Shot: Talent puts dressing to the stab incision and applies a bandage to the leg for compression and hematoma prophylaxis.

2.7. If puncturing a hip joint, use fluoroscope guidance to insert the needle at the puncture site, aiming medially at a 60( angle.  Use the fluoroscope to ensure that the tip of the needle is pointed at the prosthesis neck [1-CU][2-LM/SCREEN].
2.7.1. Talent inserts needle at puncture site of hip joint, medially at 60( angle with fluoroscope guidance, 
2.7.2. Talent uses fluoroscope guidance to ensure that needle is pointed at prosthesis neck. Editor, place side by side with 2.7.1.  **Authors please provide footage from fluoroscope for this step.**
2.8. Advance the cannula to a depth of approximately 8 cm while aspirating, until joint fluid is attained, holding the needle in position to avoid scraping the prosthesis surface [1-CU-TXT].
2.8.1. Talent advances cannula to 8 cm and holds needle in position while aspirating (TEXT: Deeper in adipose patients) Authors note: we did not film a hip aspiration; We could provide still shots of the setup and still shots of fluoroscope images if you think this will add a benefit to the film; Otherwise, this section can be deleted.
2.9. Use alcoholic disinfectant to disinfect the membrane of a pediatric blood culture flask [1-MED/CU]. Then put a fresh cannula onto the syringe and inject 1 to 3 mL of aspirated joint fluid into the flask. Mix by gentle agitation or rotation [2-MED/CU].
2.9.1. Talent disinfects membrane on blood culture flask
2.9.2. Talent puts fresh cannula on syringe and injects aspirated joint fluid into flask then gently agitates
2.10. To prepare a native joint aspirate specimen, remove the cannula from the syringe. Then open a blood collection tube without additives and inject 1 mL of aspirate into the collection tube. Replace and fasten the lid for PCR analysis [1-CU].
2.10.1. Talent removes cannula from syringe then opens blood collection tube and injects aspirate into collection tube then replaces lid 

2.11. Transfer 1 to 4 mL of the joint aspirate into a blood collection tube containing EDTA for cell count and differentiation [1-CU].  
2.11.1. Talent transfers joint aspirate into blood collection tube with EDTA for cell count and differentiation
3. PCR Diagnostics

3.1. Defrost the master mix tube by setting it at room temperature [1-CU].  Transfer 180 (L of the collected specimen into the sample tube.  Close the sample tube with the sample tube cap that contains protein kinase K and an internal control gene for the quality control of the entire workflow [2-CU].
3.1.1. Talent places defrosted master mix on bench at RT

3.1.2. Talent transfers collected specimen into sample tube and closes tube with cap of proteinase K and control gene
3.2. At the cockpit, open the operating software by touching the “new test” button in the lower left corner.  Use the touchscreen to enter the patient’s data or a sample ID [1-MED/CU].
3.2.1. Talent at cockpit opens operating software and touches new test button then enters patient’s data or sample ID Authors note: slated as 3.1.2
3.3. To select the specimen, from the dropdown, first choose “ITI-Cartridge”, then “Orthopedics” as application mode, and finally select “joint fluid” or “sonication fluid” as sample type. Then press the start button [1-MED/CU].
3.3.1. Talent choose ITI-Cartridge then Orthopedics, then ‘synovial fluid’ or ‘sonication fluid’ as sample fluid then presses start
3.4. Scan the barcode on the bottom of the sample tube. Then insert the sample tube into the lysator [1-CU].
3.4.1. Talent scans barcode on bottom of sample tube then inserts sample tube into lysator 3.4.1, Take 2: Talent puts sample tube into the lysator; After closing the lid of the lysator, cockpit sceen displays warning “Start another test?”. Talent hits “No” to acknowledge that no second sample should be run simultaneously. 

3.5. Next, select the sample on the cockpit screen to unlock the sample tube from the lysator [1-MED/CU]. Then remove the sample tube from the lysator and close the lysator’s top cover [2-MED/CU].
3.5.1. Talent selects sample on cockpit screen to unlock sample tube from lysator
3.5.2. Talent removes sample tube from lysator and closes lysator’s top cover
3.6. Transfer the sample tube into the sample tube slot of the PCR cartridge.  Then insert the defrosted mastermix tube into the mastermix slot of the PCR cartridge [1-CU].

3.6.1. Talent transfers sample tube into sample tube slot then defrosted mastermix into mastermix slot of PCR cartridge
3.7. Follow the instructions on the cockpit monitor to scan the PCR cartridge with the mastermix and sample tube [1-MED/CU].

3.7.1. Talent follows instructions on cockpit monitor and scans PCR cartridge with mastermix and sample tube
3.8. Insert the PCR cartridge into the indicated cartridge slot of the analyzer [1-MED/CU]. 
3.8.1. Talent inserts PCR cartridge into indicated cartridge slot of analyzer. Analyzer starts automatically. then removes and discards cartridge
3.9. At the cockpit touchscreen, in the lower left corner, choose “active tests”, then pick the correct sample ID to display the test results [1-MED/CU].  Save the results on the machine’s memory, and print or export for further reference [2-MED/CU-TXT]. 
3.9.1. Talent chooses ‘active tests’ on cockpit screen then picks correct sample ID to display test results.  Authors note: Since the analysis was still running, we display previous results from the “saved tests” tab; Please make cuts appropriately to not show talent hitting the “saved tests” button. 
3.9.2. Then talent saves results on machine and then exports. (TEXT: via USB drive)
3.10. Randau: Talk to your microbiologist and brief him on the case details, so he will be prepared to analyze your samples promptly [1-INTERVIEW].
3.10.1. Talent recites the above statement looking off camera

4. Sonication
4.1. Under a laminar air-flow working bench [1-WIDE/MED], open the plastic container holding the explanted prosthesis from the operating room and add sterile 0.9% sodium chloride solution until the explanted foreign body is covered at least 80% [2-MED/CU-TXT].
4.1.1. Talent stands or sits under a laminar flow hood
4.1.2. Talent opens plastic container and adds sterile sodium chloride solution until explant is covered at least 80% (TEXT: ~500–800 mL)
4.2. Close the plastic container. Then, thoroughly shake or agitate the plastic container for 30 seconds [1-MED/CU]. Transfer the plastic container into the sonication bath.  Then check the fluid level in the bath [2-MED/CU-TXT].
4.2.1. Talent closes container and vortexes shakes the plastic container
4.2.2. Talent transfers container into sonication bath and checks fluid level in sonication bath that it is the same as fluid level in container (TEXT: Sonication bath fluid level must be the same as inside the plastic container)
4.3. Sonicate the specimen for 5 minutes with a frequency of 40 ± 2 kHz and a power density of 0.22 ± 0.04 W/cm2 [1-CU]. Then shake or thoroughly vortex the specimen for 30 seconds [2-MED/CU-TXT].
4.3.1. Talent turns on sonicator and sets frequency and power density 
4.3.2. Talent shakes sample again (TEXT: Refer to text protocol for additional details)
4.4. Inside the laminar flow bench, collect 50 mL of the sonication fluid and transfer it to a sterile tube before tightly sealing the tube [1-CU].
4.4.1. Talent collects sonication fluid and transfers to tube and tightly seals
4.5. To create a concentrated sonication fluid, centrifuge the tube at 4,200 x g for 10 min [1-MED]. Leaving a residual volume of 10 mL, use a pipette to discard the remaining supernatant [2-CU]. Resuspend the pellet by pipetting and vortexing [3-MED/CU].
4.5.1. Talent places tube into centrifuge and sets speed and time
4.5.2. Talent removes all but 10 ml of fluid and discards it
4.5.3. Talent pipettes tube, closes it and then vortexes it
4.6. Inoculate each flask of suitable culture media with 0.5 mL of concentrated sonication fluid [1-MED/CU-TXT].
4.6.1. Talent inoculates different media that are labeled and arranged on bench (TEXT: e.g. blood agar, chocolate agar, Sabouraud agar, Schaedler’s agar, Kanamycin-Vancomycin agar, or thioglycolate broth)
4.7. Inoculate the pediatric blood culture flask with 2 mL of concentrated sonication fluid as demonstrated earlier in this video [1-MED/CU].  Then transfer 1 mL of concentrated sonication fluid into a sterile tube without additives for PCR analysis [2-CU].
4.7.1. Talent inoculates flask of pediatric blood culture
4.7.2. Talent transfers 1 ml of sonication fluid into a sterile tube for PCR analysis
4.8. Transfer the inoculated culture media to the incubator [1-WIDE-TXT]. Incubate the cultures for 14 days, and check for growth daily [2-MED/CU]. 
4.8.1. Talent places cultures into incubator
4.8.2. Talent removes a culture from incubator and checks for growth (TEXT: 35 °C, 5% CO2)
4.9. Hischebeth: The most critical step throughout this technique is to maintain sterile handling of the samples and specimens, to avoid contamination [1-INTERVIEW].
4.9.1. Talent recites the above statement looking off camera

5. Results: Implant Sonication and Multiplex PCR as Diagnostics in Revision Arthroplasty
5.1. The presence of a periprosthetic joint infection was considered proven when one major criteria or at least three out of five minor criteria were present [1-LM].
5.1.1. LAB MEDIA Table 1, use arrows to point out some of the rows where the ‘Matches MSIS Criteria?’ is ‘Yes.’
5.2. Major criteria include presence of a fistula or detection of a pathogen in two separate microbiological samples. Minor criteria include positive cell count or positive cell differentiation in joint aspirate, positive CRP and sedimentation rate in blood samples, positive histology in the tissue samples or detection of a pathogen in just one microbiological sample [1-LM].
5.2.1. LAB MEDIA Table 1, Editor, for some of these rows, point out examples where at least two of the last three columns of the table (Joint aspirate culture, NAT sonication fluid, NAT joint aspirate) have bacteria names in them.
5.3. The results here showed a moderate sensitivity for PCR diagnostics of sonication fluid and joint aspirate but a very strong specificity of 100%. Whenever PCR showed a positive finding in the joint aspirate or the sonication fluid, the same pathogen was detected later in one of the conventional microbiological cultures. The PCR of the different samples of non-infection cases showed no false positive results [1-LM].
5.3.1. LAB MEDIA Figure 1, Editor, for the moderate sensitivity, point out the dark red portions of the bars on the right hand side and for the ‘very strong specificity of 100%,’ point out the non-PJI samples on the right (light green).  
5.4. Six out of 16 true pathogens in the sonication fluid samples and 5 out of 13 pathogens from the joint fluid culture were missed by PCR detection.  The combined PCR diagnostics of both materials joint aspirate and sonication fluid identified 12 out of 18 infection cases correctly [1-LM].
5.4.1. LAB MEDIA Table 2, Editor, for the ‘six out of 16,’ use an arrow from above to point out the PCR sonicate column and for the ‘5 out of 13,’ point out the PCR Aspirate column.  For the last sentence, point out the ‘Pooled PCR’ column with an arrow from above. 
6. Conclusion (said by authors on camera)

6.1. Randau: After watching this video, you should have a good understanding of how to improve your diagnostic path in periprosthetic joint infections.

6.2. Hischebeth: You can see how microbiologists and orthopedic surgeons must work together closely, to improve differential diagnostics as well as possible.

6.3. Randau: If performed correctly, you will have clinically valuable results from the cartridge-based multiplex polymerase chain reaction within 5 hours after joint aspiration.
6.4. Hischebeth: While attempting this procedure, it’s important to remember to work sterile through the entire process.
6.5. Randau: Don't forget that working with human tissue specimens or microbiological specimens can be extremely hazardous. All precautions, such as personal protection gear should always be taken while performing this procedure.   

*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_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.  

Insert your media filenames here.

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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