November 19, 2020

Dear Editor, Associate Editor, and Editorial Staff:
We are grateful to the reviewers for their valuable comments that led to a significant improvement of the original manuscript. Their comments (given in italic below) which have been addressed below and in the revised manuscript (seen as track changes in the manuscript and highlighted in blue here). 
Sincerely yours,
Aarushi Bhargava, Ph.D.
Corresponding author

Manuscript # JoVE62133


Editorial comments (Comments to the Author): 
We thank the editor for the helpful comments. Below are the corrections made for each of the comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.
The text has been revised and any issues related to grammar, abbreviations, and the spelling have been resolved.

2. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: MATLAB (the Mathworks, Natick, MA, USA); Kimwipe; Vantage Research Ultrasound System (Verasonics, Inc., Kirkland, WA, USA) etc
The text has been revised and the company names have been replaced with generic descriptions.

3. To specify that this study had approval, please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee
The human blood clot preparation in this study was done according to University of Chicago review board protocol. The same has been added in step 1 of the manuscript (line 92 of page 3) as follows
[bookmark: _Hlk57627160][bookmark: _Hlk57797754]For the results presented here, venous human blood was drawn to form clots after local internal review board approval (IRB #139-1300) and written informed consent provided to volunteer donors1

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc
The protocol has been revised to be written in the imperative tense.

5. [bookmark: _Hlk57046736]Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. Please add more specific details (e.g., button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol
The protocol has been revised to include more details about how the step is performed. We have also modified the protocol to quantify the range of parameter settings used to generate the histotripsy excitation and provide image guidance.



6. 1.2 and1.3: How many 2 mL aliquots are to be drawn and incubated?
A 2 mL aliquot is used to form a single blood clot. Therefore, the total amount of blood drawn depends on the total number of clots that will be formed. The corrections in the manuscript for steps 1.1 and 1.2 (lines 99 – 104 of page 3) are as follows
1.2. Draw fresh human venous blood. Aliquot the total blood drawn in 2 mL increments per desired clot. Transfer each 2 mL aliquot to one Pasteur pipette.
[bookmark: _Hlk57797852]NOTE: Execute step 1.2 within approximately 3 minutes so that blood does not clot before transferring to pipettes. 
1.3. Incubate the blood aliquots within the pipettes (equal to the number of clots required) in a water bath for 3 hours at 37 °C.

7. 3.2.5: How much low gelling agarose (2%) is to be taken?
Approximately 2 mL of agarose is needed for each sectioned sample. The total amount of agarose therefore will depend on the number of samples to be analyzed. The correction in step 3.2.5 of the manuscript (line 147 of page 5) is as follows
3.2.5. [bookmark: _Hlk57215212]Make low gelling agarose (2%) in a 50 mL flask, by dissolving agarose in nanopure water. Choose the total amount of agarose solution such that approximately 2 mL is available for each specimen to be analyzed. Heat the solution in a microwave until bubbly. Secure the flask with a waterproof screw lid on it. Submerge the flask in the water bath alongside the plasma. This step ensures agarose is available to secure exposed clot segments for histology analysis following histotripsy insonation.



8. Please highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader
The essential steps in the protocol to be included in the video, have been highlighted.

9. Please include a scale bar for all images taken with a microscope to provide context to the magnification used. Define the scale in Figure 6’s Legend.
The scale bar has been included in Figure 6 and the corresponding legend (line 415 of page 12) has been revised. The correction is as follows
[image: ]
[bookmark: _Hlk57628666][bookmark: _Hlk57798031][bookmark: _Hlk57798077]Figure 6. Histology of the ablated clot under different treatment conditions. (A) Control clot without treatment. (B) Clot treated with histotripsy (e.g. 35 MPa peak negative pressure, single cycle pulse duration, 1.5 MHz fundamental frequency) and lytic. The histotripsy pulse propagated from top to bottom in this image. The path for the histotripsy source along the length of the clot (i.e. perpendicular to the plane of the image shown here) is defined in step 7.2.3. The scale of the micrographs is 2 mm. Note that the degree of clot disruption achieved here would be reduced compared to insonation schemes with longer pulse duration1.

Reviewer #1 (Comments to the Author):
Manuscript Summary:

This paper provides a detailed protocol to evaluate the thrombolytic efficacy in vitro using histotripsy combined with rt-PA. Histotripsy is a non-invasive ultrasound technique that mechanically breaks up the target tissue via cavitation. Histotripsy has been investigated to remove blood clots for treatment of thrombosis. The authors' work on histotripsy combined with rt-PA to enhance the thrombolytic efficacy is new. Their setup and protocol are complicated and contain multiple components, including preparation of the clot, plasma and rt-PA mixture, histotripsy, ultrasound imaging guidance and monitoring, treatment delivery, and post treatment evaluation. The authors provide a thorough and detailed description that will enable other groups to replicate their study.

Major Concerns:
None.

We thank the reviewer for positive reviews and comments. Below are the explanations for the reviewer’s comments:

1. Page 3, line 68-70 - "It is hypothesized that two primary mechanisms …… and 2) hemolysis of red blood cells within the clot." Does histotripsy only break down red blood cells? How about other contents in the clot?
[bookmark: _Hlk57021427]Debris from histotripsy insonation is predominately subcellular in size1-3. It is therefore likely that other formed clot elements are disintegrated by histotripsy bubble activity. Red blood cells are the primary contribution to the mass of the clot specimen described in the article1, and their degradation are thus the primary marker associated with ablation of the clot. The text has been edited in line 70 of page 2 to include this information as follows
The bulk of the clot mass is comprised of red blood cells1, and therefore tracking erythrocyte degradation is a good surrogate for ablation of the sample. Other formed clot elements are also likely disintegrated under histotripsy bubble activity, but are not considered in this study.
2. Page 4, line 95 - "1.4 Store the pipettes for a minimum of three days at 4 °C to allow for retraction for clots." Does the surface of the pipette need to be hydrophilic for the clot retraction to occur? Do you expect to see serum to extract out of the clot after a few days?
The reviewer is correct in stating that the pipettes need to be hydrophilic4, such as the borosilicate pipettes highlighted in this protocol (see Table of Materials). As the clots retract, serum is observed in the pipettes. The protocol has been modified to include this information in step 1.1 and 1.4 (lines 96-106 of page 3), as follows
1.1.  Prepare borosilicate Pasteur pipette for storing the blood (see Table of Materials for specifications of the pipette). Borosilicate tubes are used because of the hydrophilic nature of the material which promotes platelet activation and clot retraction4. Seal the tip of the pipette via heating over a Bunsen burner.
1.4. Store the pipettes for a minimum of three days at 4 °C to allow for retraction for clots 5. As the clots retract, serum will be observed to accumulate within the pipette. The rt-PA response of clots remains stable for 2 weeks following formation5.

3. Page 6, line 152 - "4.5 Connect the imaging array to an ultrasound scanning system (e.g. Verasonics)." What needs to be done to align that ultrasound imaging probe and the histotripsy transducer such that the ultrasound imaging array is viewing the histotripsy focus? How to mark the histotripsy focus on ultrasound imaging?
The text was modified to highlight that the imaging array position should be adjusted until a bubble cloud is visualized via ultrasound imaging to ensure proper alignment of the array relative to the transducer. We have also adjusted the text to indicate that the focal location can either be recorded offline, or via cursors as available with the imaging platform: The protocol has been modified for steps 4.10-4.12 (lines 194– 207 of page 6) to include this information as follows
[bookmark: _Hlk57023507]4.10. Using the real-time imaging of step 4.7, adjust the position of the imaging array inside the confocal transducer opening until the bubble cloud is located approximately at the center of the image window. The bubble cloud is the region of hyperechoic pixels in the imaging plane (Figure 3). Tighten the screws to hold the imaging array firmly in the transducer opening.
NOTE: If the array is aligned properly, the azimuthal position of the bubble cloud should be approximately at 0 mm. The imaging array may project slightly from the inner surface of the therapy source, and therefore the range position of the bubble cloud may differ from the focal length of the source.
4.11. Identify the bubble cloud location in the imaging plane. Assign the focus of the histotripsy source as the center of the bubble cloud (Figure 3).
4.12. Record the detected focal location (step 4.11) in the imaging window (Figure 3). A possible way to mark the focal position is placing a cursor to note the location in the imaging window, if available with the imaging platform. 

4. Page 7, line 209 - "6.1 At a rate of 10 mL/min, draw the plasma into the flow channel from the reservoir via the pump until the plasma fills the model vessel." Why set the flow rate to be 10 mL/min? What is the range of venous flow rate in the condition of partial to complete obstruction?
Step 6.1 instructs users to ensure the lumen is filled prior to application of the histotripsy pulse. The infusion rate is not critical in this step. The text here has been revised (line 237 of page 7): 
6.1 Draw plasma into the flow channel from the reservoir via the syringe pump until the model vessel is filled. Ensure that the flow rate does not disturb the clot but fills the model vessel efficiently.
When histotripsy pulses are applied starting in step 7.2.1, the flow rate should be fixed at 0.65 mL/min. This flow rate is consistent with a near total iliofemoral occlusion1,6. The protocol in step 7.2.1 (line 279 of page 8) is revised to clear this information in for the readers, as follows
7.2.1. Run the pump connected to the syringe at 0.65 mL/min and wait for meniscus of the plasma to move. This flow rate mimics a near total occlusion of the iliofemoral vasculature1,6.




5. Page 12, line 389 - "The operating parameters of the transducer should be chosen to avoid off target effects while maximizing mechanical clot disruption." Using the given parameters, how large was the flow channel created? The flow channel seems to be too small to be clinically relevant. What can be done to increase the flow channel size?
Mass loss, not restoration of flow or estimation of flow channel area created within the clot, was a primary metric of treatment efficacy in this protocol. With an appropriate choice of insonation parameters, a 94% reduction in clot mass was achieved.  Employing the protocol outline here, an insonation scheme for total clot removal can be devised to ensure total restoration of flow. The following text was added in line 439 of page 13 to highlight this:

In this protocol, mass loss was considered a primary metric of treatment efficacy. Increases in mass loss has been observed as the peak negative pressure or the duration of the histotripsy pulse are increased1,7, with a maximum observed mass loss of 94%. The presence of residual clot for investigated treatment arms facilitates comparison of therapeutic efficacy. However, insonation schemes to ensure total removal of the thrombus can also be devised.  

The following text was added in line 416 of page 12 to highlight this (Figure 6 caption):
Note that the degree of clot disruption achieved here would be reduced compared to insonation schemes with longer pulse duration.

The following text was added in line 480 of page 14 to highlight that flow (clinical endpoint) was not considered in this study:

[bookmark: _Hlk57799203]Restoration of flow is also the primary clinical endpoint for treatment efficacy, whereas mass loss was a primary metric for treatment efficacy in the protocol described here.





6. Page 13, line 414 - It was stated that real-time passive cavitation detection overlaid on ultrasound B-mode images was achieved. What was the frame rate?
The reference to “real-time display” in this section refers to standard B-mode imaging for pre-treatment planning, not real-time processing of passive cavitation imaging. We have clarified that passive cavitation imaging was analyzed post hoc with the following sentence in line 466 of page 13 as follows:
[bookmark: _Hlk57653143][bookmark: _Hlk57653167]The imaging system should be programmed to trigger on based on the known time of flight of the histotripsy pulse from the source to the focal zone, to ensure collection of passive cavitation imaging data throughout the insonation. These signals should then be processed post hoc as discussed in steps 7.2.3 and 9 of the protocol.





















       Reviewer #2 (Comments to the Author): 

Manuscript Summary:

The manuscript presents the details of a convenient in vitro platform for testing different histotripsy approaches to the intravascular clot lysis in DVT (deep vein thrombosis). Given the recent successful results achieved in histotripsy thrombolysis by the authors and other groups, this information will be useful to the thrombolysis community.

Major Concerns:
None.

We thank the reviewer for a positive review and insightful comments. Below are the explanations for the reviewer’s comments:

1. In item 2.3: "...model vessel with material properties representative of an iliofemoral vein..." which properties are the authors referring to? Speed of sound? Density? Flexibility? Wall thickness? While the specific material used here is listed in the Table, it would be useful to add which material properties are important to look for, in case the specified material is for some reason unavailable. It could be added either here or in the discussion (or both).
[bookmark: _GoBack]The acoustic impedance and geometry of the iliofemoral vein are modeled by the model vessel proposed in this study, as highlighted in the discussion (line 445 of page 13): 
[bookmark: _Hlk57799329][bookmark: _Hlk57715572]The acoustic impedance (approximately 1.58 MRayl8,9) and the geometrical properties (0.6-1.2 cm in diameter10) of the model vessel should be representative of the iliofemoral venous vasculature (see Table of Materials for details). Polydimethylsiloxane and polyurethane are some of the materials suitable to model the venous system based on their acousto-mechanical properties.






[bookmark: _ENREF_1]1	Bollen, V. et al. In Vitro Thrombolytic Efficacy of Single- and Five-Cycle Histotripsy Pulses and rt-PA. Ultrasound in medicine & biology. 46 (2), 336-349, (2020).
[bookmark: _ENREF_2]2	Bader, K. B. et al. Efficacy of histotripsy combined with rt-PA in vitro. Phys Med Biol. 61 (14), 5253-5274, (2016).
[bookmark: _ENREF_3]3	Xu, Z. et al. Size measurement of tissue debris particles generated from pulsed ultrasound cavitational therapy-histotripsy. Ultrasound in medicine & biology. 35 (2), 245-255, (2009).
[bookmark: _ENREF_4]4	Sutton, J. T., Ivancevich, N. M., Perrin, S. R., Jr., Vela, D. C. & Holland, C. K. Clot retraction affects the extent of ultrasound-enhanced thrombolysis in an ex vivo porcine thrombosis model. Ultrasound in medicine & biology. 39 (5), 813-824, (2013).
[bookmark: _ENREF_5]5	Holland, C. K., Vaidya, S. S., Datta, S., Coussios, C.-C. & Shaw, G. J. Ultrasound-enhanced tissue plasminogen activator thrombolysis in an in vitro porcine clot model. Thrombosis research. 121 (5), 663-673, (2008).
[bookmark: _ENREF_6]6	Jensen, C. T. et al. Qualitative slow blood flow in lower extremity deep veins on doppler sonography: quantitative assessment and preliminary evaluation of correlation with subsequent deep venous thrombosis development in a tertiary care oncology center. Journal of Ultrasound in Medicine. 36 (9), 1867-1874, (2017).
[bookmark: _ENREF_7]7	Hendley, S. A., Paul, J. D. & Bader, K. B. in Joint AAPM | COMP Virtual Meeting.   (American Association of Physics in Medicine).
[bookmark: _ENREF_8]8	Goss, S. A., Johnston, R. L. & Dunn, F. Comprehensive compilation of empirical ultrasonic properties of mammalian tissues. The Journal of the Acoustical Society of America. 64 (2), 423-457, (1978).
[bookmark: _ENREF_9]9	Duck, F. A. in Physical Properties of Tissues  https://doi.org/10.1016/B978-0-12-222800-1.50009-7  (ed Francis A. Duck)  137-165 (Academic Press, 1990).
[bookmark: _ENREF_10]10	De Sensi, F. et al. Predictors of Successful Ultrasound Guided Femoral Vein Cannulation in Electrophysiological Procedures. Journal of atrial fibrillation. 11 (3), 2083-2083, (2018).

image1.png
(A

(B)

2 mm





