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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 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. (Please do not list entire sections.) __4.2 – 4.3 – 4.4 – 4.6 – 5.5, 5-6 
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.) ______4.6, check position regularly
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes, the perfusionist prepares the extra corporeal system elsewhere in the hospital. _____ If yes, how far apart are the locations? __ A 3 minute walk.
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 carry out percutaneous hepatic perfusion to treat unresectable metastases confined to the liver. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mark Burgmans, interventional radiologist  The main advantage of this technique is that it allows delivery of a high dose of chemotherapeutic agents to the liver with limited systemic exposure, is minimally invasive and associated with limited morbidity and very low mortality rates.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) Authors, please fill in the names as highlighted in yellow below.
1.2. **Mark Burgmans: Demonstrating the procedure will be Fred Tijl, the extra-corporeal perfusionist [1.2.2], and Chris Martini, the anesthesiologist [1.2.3].  

1.2.1. Interview style: Author saying the above. 
1.2.2. The named anesthesiologist looks up from workbench, desk, or microscope and acknowledges the camera.
1.2.4. The named perfusionist looks up from workbench, desk, or microscope and acknowledges the camer
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 Medical Ethics Committee of the Leiden University Medical Centre and are performed in accordance with the ethical standards of the Helsinki Declaration
Protocol (read by voice talent at JoVE):

2. Preparation and Creating a Perfusion Circuit
2.1. After carrying out a pre-procedural angiography several days prior to PHP according to the text protocol [1-WIDE], have the extra corporeal perfusionist, or ECP collect the chemosaturation tubing pack, chemofilters, and the centrifugal pump as provided by the manufacturer [2-MED/CU]. 
2.1.1. Surgical team standing and examining film, image, or footage of angiography; 
2.1.2. ECP arranges the chemosaturation tubing pack and chemofilters at workstation near the centrifugal pump then starts to assemble
2.2. With CO2 gas, flush the complete extracorporeal circuit [1-MED/CU].  Then use 0.9% NaCl and heparin to prime the circuit, including the filters [2-MED/CU-TXT].
2.2.1. ECP hooks circuit up to CO2 gas and turns on the gas to flush circuit
2.2.2. ECP connects tubing/circuit to NaCl with heparin from labeled container and starts the priming – have filters visible (TEXT: 2000 IU/L)
2.3. Allow six liters of heparinized 0.9% NaCl to rinse the extracorporeal system, initially through the force of gravity [1-MED/CU].  Then after the carbon filters are fully hydrated [2-CU], use the centrifugal pump to apply more pressure to the filters [3-MED/CU] to remove the remaining gas bubbles [4-CU-TXT].
2.3.1. Shot of NaCl/heparin source and tubing with the solution running through the the system 
2.3.2. Shot of fully hydrated filters

2.3.3. ECP turns on the centrifugal pump and more pressure is applied to filters 

2.3.4. Shot of filters bubble trap as gas bubbles exit them (TEXT: continue to prime the system according to the text protocol).
3. Placement of Sheaths by Interventional Radiologist
3.1. After the anesthesiologist prepares the patient according to the text protocol [1-WIDE/MED], have the interventional radiologist, or IR use ultrasound [2-MED/CU] to place a 7.5F triple lumen, 20 cm intravenous catheter [3-CU] in the left internal jugular vein, or IJV [4-MED/CU].
3.1.1. Patient laying on angiography room table covered in sheets, anesthetized and hooked up to monitoring with the anesthesiologist at the head of the table monitoring them

3.1.2. = 3.2.1 IR places ultrasound handpiece on patient on left jugular vein to identify correct location

3.1.3. IR begins to insert catheter into patient’s left IJV

3.1.4. Shot of ultrasound screen showing the catheter being inserted with patient and IR inserting the catheter in the frame if possible

3.2. Next, place a 10F venous return catheter [1-MED/CU] in the right IJV [2-MED/CU].   And insert a 5F sheath [3-MED/CU] into the left common femoral artery or CFA [4-MED/CU]. 
3.2.1. IR inserts return catheter into right IJV 

3.2.2. Ultrasound screen showing insertion of return catheter

3.2.3. IR inserts sheath into CFA 

3.2.4. Ultrasound screen showing insertion of sheath into CFA 
3.3. Using 8-10F and 12-14F dilators, perform a serial dilation of the right common femoral vein, or CFV [1-CU/ECU], using the dilators to adjust the insertion opening to the correct size [2-MED/CU]. 
3.3.1. IR inserts 8-10F dilator into CFV

3.3.2. Ultrasound screen as IR/ switches to 12-14F dilator being placed into CFV
3.4. Then insert an 18F sheath [1-CU] that will be used to introduce the double balloon catheter [2-CU]. Check the blood pressure of the patient.
3.4.1. IR inserts 18F sheath into CFV

3.4.2. Ultrasound screen as sheath is inserted
3.5. Shot of ACT pump 

4. Isolation of the Hepatic Vein and Creating a Circuit Outside the Body
4.1. Following the administration of heparin and after starting norepinephrine and phenylephrine according to the text protocol [1-MED/CU], through the 5F sheath in the left CFA, introduce the 2.7F microcatheter coaxially [2-CU] and with angiography monitoring, insert it into the proper hepatic artery or lobar arteries [3-MED/CU]. 
4.1.1. Anesthesiologist starts the norepinephrine/phenylephrine and fluid administration
4.1.2. IR introduces 2.7F microcatheter coaxially and checks position with contrast fluid
4.1.3. (macro-)Shot of angiography monitor as IR inserts microcatheter into proper hepatic artery or lobar arteries
4.2. Attach filters and pump to the sheet in the jugular vein bij ECP. Through the 18F sheath in the right CFV, introduce the 16F double balloon catheter, or isolation aspiration catheter [1-CU], and via the angiography monitor, place it with the tip in the right atrium [2-MED/CU]. Attach the extra-corporeal filter-system to the balloon catheter.  Fill the extra-corporeal system with the patients’ blood.
4.8. Preparation of double balloon catheter by radiologists, outside patients body. 

4.2.1. IR begins to introduce the 16F double balloon catheter through the 18F sheath into the CFV

4.2.2. Tip of 16F balloon catheter seen on angiography monitor entering right atrium

4.3. Next, start the centrifugal pump per the manufacturer’s instructions [1-MED/CU] and after intravenous infusion of 0.5 liters of colloid solution [2-CU], use a 50% saline/50% contrast medium mixture [3-CU] to inflate the cranial balloon [4-MED/CU]. Monitor the blood pressure by anesthesiologist and radiologist, for a decrease in blood pressure is likely after inflation of the cranial balloon.
4.3.1. ECP starts the centrifugal pump

4.3.2. Container/bag of labeled colloid solution as the fluid enters system Take 1: labelled syringes (‘cranial’ and caudal’) with contrast fluid. Take 2: macro-shot of radiologist injecting contrast fluid. 
4.3.3. IR adds saline/contrast medium to inflate cranial balloon

4.3.4. Angiography screen showing cranial balloon as it inflates with contrast medium

4.4. Then with the caudal balloon still deflated, slowly retract the double balloon catheter [1-MED/CU] until the cranial balloon is at the junction of the right atrium and the inferior caval vein, or IVC, just above the right hepatic vein.  The balloon will now be wedge shaped [2-MED/CU].
4.4.1. IR/Talent starts to slowly retract the double balloon catheter

4.4.2.  Angiography screen showing retraction and cranial balloon reaches junction of right atrium and IVC, just above right hepatic vein, with balloon seen as wedge shaped.  (Figure 2)

4.5. Using a solution of 90% saline and 10% contrast medium [1-CU], inflate the caudal balloon until the lateral edges start to become effaced by the IVC [2-MED/CU].
4.5.1. IR/ starts the perfusion of 90% saline/10% contrast medium from labeled container/bag syringe 
4.5.2. Angiography screen showing inflation of caudal balloon and lateral edges becoming effaced by IVC 

4.6. To use venography to check the position of the balloons and to check for leaks, by hand, inject 20 ml of contrast through the fenestration port of the venous double balloon catheter [1-MED/CU-TXT][2-LM]. Check the position of the balloons by retrograde injection of contrast to the fenestrated double balloon catheter.
4.6.1. IR injects contrast through fenestration port of venous double balloon catheter (TEXT:  refer to text protocol for procedure for leaks)
4.6.2. LAB MEDIA Figure 2, Editor, place next to 4.6.1 with ‘contrast agent…’

5. Closing the Circuit and Infusion of Melphalan
5.0. A shot of normal hemodynamic parameters. 
5.1. When sufficient flows and pressures have been reached according to the text protocol [1-CU], open the filters one by one [2-MED/CU].
5.1.1. Shot of pressures in the normal range on pump

5.1.2. ECP opens the filters one at a time; Videographer, if all filters can’t be seen in one MED/CU frame, take multiple shots to get them all.
5.2. Then, when a systolic BP between 140 – 160 mm of Hg has been reached [1-CU], close the bypass line [2-CU-TXT]. Attach the melphalan to the injector and load the pump.  Be aware of a drop in blood pressure
5.2.1. .Blood pressure reading on monitor between 140 – 160 mm Hg

5.2.2. ECP closes bypass line (TEXT: refer to text protocol for subsequent drop in blood pressure)
5.2.3. shot of dropping blood pressure on monitors.

5.3. After performing another venography to check positioning of the double balloon [1-MED/CU], perform an angiogram by injecting contrast through the microcatheter in the hepatic artery [2-CU] to rule out arterial spasm [3-MED/CU].
5.3.1. IR and radiology resident looking at x-ray looking at positioning of double balloon

5.3.2. IR injects contrast agent through microcatheter in hepatic artery

5.3.3. Angiography screen showing presence or absence of arterial spasm TEXT: if spasm present, administer nitroglycerine according to text protocol)
5.4. If spasm is present, administer 100 – 200 micrograms of nitroglycerine into the hepatic artery [1-CU].
5.4.1. IR/Talent injects nitroglycerine into hepatic artery, Authors, if not showing this, we can remove this step and add text note to step 5.3.3: (TEXT: if spasm present, administer nitroglycerine according to text protocol)
5.5. When a steady flow rate is established [1-CU], no leakage is present [2-MED/CU], and the patient’s blood pressure is stable [3-CU], use an auto-injector to administer 100 ml of 3 mg/kg of melphalan [4-MED/CU] into the proper hepatic artery or sequentially into both lobar arteries at a rate of 0.4 cc/sec [5-MED/CU-TXT].
5.5.1. Flow rate shown on pump

5.5.2. Angiography screen showing no leakage 

5.5.3. Patient’s steady blood pressure on bp monitor 

5.5.4. Radiologic laborant starts autoinjector to begin administering melphalan through catheter. Take 1: Shot of auto-injector. Take 2: Shot of control panel of auto-injector.
5.5.5. Shot of patient’s trunk area or angiography screen as melphalan is being injected into hepatic artery (macro-shot) (TEXT: ~30 min, inject complete dose, refer to text protocol)
5.6. Following the 30 minutes of chemotherapeutic infusion, continue hemofiltration for an additional 30-minute washout period [1-MED-TXT]. After complete infusion, a 30 minute washout time follows.
5.6.1. Pump system continues to infuse melphalan filter through patient as the team monitors the patient (TEXT: monitor for drop in blood pressure)
5.7. After the washout period, slowly deflate the double cava balloons [1-MED/CU].  Then empty the extracorporeal circuit as much as possible [2-MED/CU] before stopping the extracorporeal perfusion [3-MED/CU].
5.7.1. Angiography screen showing balloons deflating

5.7.2. /IR/ opens lines to empty circuit

5.7.3. ECP stops perfusion

5.8. Remove the double balloon catheter [1-CU] and the infusion microcatheter, but leave the access sheaths in place until coagulation is normalized [2-CU].  Place a vascular closure device in the common femoral artery, if desired, to achieve hemostasis [3-CU].
5.8.1. IR removes double balloon catheter

5.8.2. IR removes infusion microcatheter and sheaths are seen still in place and
5.8.3. [split shot] inserts vascular closure device into common femoral artery

5.9. Finally, close and remove the bypass circuit [1-MED/CU], stabilize the patient and carry out post operative care according to the text protocol [2-WIDE/MED].

5.9.1. ECP finishes closing and removes bypass circuit

5.9.2. Patient in PACU, being awake and monitored on bp, temp, etc.
6. Results: Unresected Liver Metastases Treatment Using Percutaneous Hepatic Perfusion with Melphalan 
6.1. Shown here is an overview of small case I and II trials and a case series for PHP.  The first manuscript was published in 1994 and 5-FU and doxorubin were used.  Published overall response rates varied between 30 and 90% and survival data were not reported [1-LM].
6.1.1. LAB MEDIA Table 1, Editor, for ‘was published in 1994…’ point out the bottom row that says 1994 and point out the chemotherapeutic agents when mentioned.  
6.2. To investigate the efficacy and safety of this procedure in patients with unresectable liver metastases of colorectal cancer or uveal melanoma, two phase II trials have been initiated at the Leiden University Medical Center and Erasmus MC Cancer Center Institute.  From February 2014, over 25 procedures were performed in 18 patients [1-LM].
6.2.1. LAB MEDIA Table 2, Editor, point out the colorectal cancer or uveal melanoma in the table when mentioned.  For ‘over 25 procedures…’ point out the ‘30’ in the Totals row and then the ‘18’ in the ‘Included up to now’ column.
6.3. There has been no PHP related mortality and the procedure appears to be safe and well tolerated.  Because of small systemic leakage of melphalan during the procedure, leukocytopenia and thrombocytopenia were observed. Five out of 18 patients needed thrombocytes and packed cell transfusions because of grade 3 toxicity [6.4.1-LM].
6.3.1. LAB MEDIA Table 2, Editor, point out the ‘0’s’ in the ‘procedure related mortality’ column for ‘there has been no PHP related mortality.’  For ‘five out of the 188…’ point out the ‘grade 3:5’ under Blood &Lymphatic when mentioned.
7. Conclusion (said by authors on camera) (Authors: please provide names of authors that will recite statements below.)
7.1. Mark Burgmans, interventional radiologist: Once mastered, this technique can be done in 3-4 hours if it is performed properly.

7.2. Mark Burgmans, interventional radiologist: While attempting this procedure, it’s important to remember to select only those patients that are fit to undergo PHP and have liver dominant or liver only disease. Patients with hepatic metastases from ocular melanoma appear to be the best candidates for PHP.
7.3. Mark Burgmans, interventional radiologist: After watching this video, you should have a good understanding of how to perform percutaneous hepatic perfusion in a patient with metastases confined to the liver and should be performed by a dedicated and well-trained team of an interventional radiologist, anesthesiologist, perfusionist and technicians. 
7.4. Mark Burgmans, interventional radiologist: Don't forget that significant hemodynamic perturbations may occur during the procedure that require administration of high doses of sympaticomimetics. Bone marrow depression is not uncommon after PHP and is best anticipated by administration of granulocyte-colony stimulating factor 1-2 days after PHP. 

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.

