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Letter to the Editor:

We would like to thank the editor and the reviewers for the constructive comments. Based on the helpful suggestions, several changes have been made and we feel that they clearly improved the quality of our manuscript. We thereby hope that the revised manuscript is acceptable for publication. 

Editorial comments:

Changes to be made by the Author(s):

E1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

As suggested, the authors have proofread the article and corrected spelling and grammar issues where needed, see annotated manuscript.

E2. 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.

As requested, all commercial language has been removed and replaced by generic terms. Commercial products are named in the Table of Materials and Reagents according to the JoVe guidelines. The changes are highlighted in the following sections of the annotated document:
· Line 168: “Protocol”.
· Line 285: “Representative results”.
· Line 314: “Figure and Table legends”.
· Line 364: “Discussion”.

E3. Presumably, the unlabeled image file is Figure 2?

The authors agree; Figure 2 has been updated, see new image uploaded.
· Line 327: “Figure 2. Focused ultrasound workflow”.
E4. 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.

As requested the protocol is written in the imperative tense and the usage of the “Notes” is more concise. The changes are highlighted in the document in the “Protocol” section of the annotated manuscript.
· Line 168: “Protocol”.
E5. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.

As suggested, the “Protocol” section has been updated with action statements, and the following discussion points have been moved to the discussion (see highlighted content in the annotated manuscript):
· Line 405-433: “With respect to […] and reproducible results”.
· Line 434-438: “In addition microbubbles […] the tail vein”.
· Line 440-446: “The cranium of […] as shown before”.
· Line 447-450: “Cavitation monitoring is […] avoid tissue damage”.
E6. Please specify the age/gender/strain of the mouse.

As requested, the age/gender/strain of the mouse has been specified in the “Protocol” section:
· Line 208-209: ”For these experiments female athymic nude Foxn1-/- mice (6-8 week old) were used”.
E7. 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.

The authors agree to add more details in the “Protocol” section, and explain how the step is performed. Additional reference are highlighted in the annotated manuscript:
· Line 245-248: ”3.3 Determine the target […] z=-4.5 from lambda”.
· Line 269-272 ” Here the applied […] McDannold et al”.
E8. How far above the animal is the transducer mounted?

The focal distance of our transducer is 75 mm, therefore the transducer is positioned 75 mm above the animal (from the horizontal plane intersecting with the ear bars). This information is added in the annotated manuscript:
· Line 180-183: ”In this study […] the ear bars”.
E9. How is the animal mounted? Are the limbs taped?

The head of the animal is fixated in a stereotactic frame that includes ear bars and a bite bar. In addition, the body is strapped and the tail taped to the platform. This information is added in the “Protocol” section:
· Line 231-232: ”2.9. Immobilize and fix […] to the frame”.
E10. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step. Please consider moving some of the notes about the protocol to the discussion section.

The authors agree with the editor, and the usage of “Notes” has been modified to be more concise. The changes are highlighted in the annotated manuscript: 
· Line 440-446: “The cranium of […] similar to others”.
· Line 447-450: “Cavitation monitoring is […] avoid tissue damage”.
E11. Figure 4: Please provide scale bars for the microscopic images.

As indicated, the authors have added scale bars to the microscopic images, see updated Figure 4:
· Line 348: “Figure 4. BBB opening and associated histology”.
Reviewers' comments:

Reviewer #1:

Manuscript Summary: This manuscript describes a stereotactic neuronavigation based system for ultrasound mediated BBB opening in small animals. There is limited referencing to relevant prior work. Given that there are multiple small animal FUS platforms, some now commercial (e.g. FUS Instruments and Image-Guided Therapy), that have been built there requires more discussion from the authors re: the place of their proposed system in the field. Additional procedural details are also required.

The authors would like to thank the reviewer 1 for the feedback and suggestions.

Major Concerns:

R1.1. Work by others should be compared and contrasted. There are systems in existence that do not require submersion of the animal in a water bath (as the authors describe in the discussion) and some permit movement between imaging modalities.

The authors agree with the reviewer and have added representative examples of ultrasound setups in the annotated manuscript to set our FUS platform in the context of published contributions in the community. An emphasis has been put at other setups that 1) do not require any submersion of the animal in a water bath, but also 2) the lack of high-throughput with MRI and 3) other guidance methods for stereotactic navigation. This information has been added in the “introduction” section of the annotated manuscript:
· Line 91-114: ”Most preclinical FUS […] the entire workflow”.
R1.2. Throughout there should be additional references. Eg. "… BBB due to their physicochemical parameters (e.g. lipophilicity, molecular weight, hydrogen bond acceptors and donors) or are not retained due to their affinity for transporters in the brain." Add reference. The entire protocol should be reviewed for appropriate referencing. These protocols are intended to help others duplicate the work so must guide readers to the necessary additional resources. 

As indicated, additional and appropriate references are added in the article. The changes are highlighted in the following sections of the annotated document:
· Line 63: “Introduction”.
· Line 285: “Representative results”.
· Line 314: “Figure and Table legends”.
· Line 364: “Discussion”.
R1.3. "… pulse in real-time to a dedicated control computer running in-house software written with Matlab. NOTE: Real-time monitoring of cavitation is recommended to determine the safety of the procedure. Inertial cavitation can lead to severe irreversible tissue damage, as shown in Figure 3 and 4." How are the waveforms analyzed? This is critical for people to be able to reproduce the work.

The information, concerning cavitation and waveform analysis are added in the “introduction” and “protocol” section of the annotated manuscript:
· Line 121-138: “The most common […] inertial caviatation detection”.
· Line 268-283: “4. Analysis of microbubble […] in Figure 3”.
R1.4. With the above comment, there is not a single reference to the abundance of work on monitoring and controlling therapy base on cavitation signals. At a minimum the 2006 study showing the correlation of BBB opening (McDannold) with changes in harmonic emissions should be mentioned, but there are many studies correlating bioeffects to spectra, and then also those that use these to control the exposures (O'Reilly 2012, Arvanitis 2013, Sun 2017, etc)

That is indeed an embarrassing omission. More as an explanation than an excuse: This part had been originally in the article, which got somehow chopped in the last-minute edits. This is now (rightfully so) back and as requested, 9 references have been added to document monitoring of cavitation signals in our workflow, among those: O’Reilly et al 2012, McDannold et al 2006, McDannold et al 2008 and Sun et al, 2017. See highlighted references in the “Introduction” section:
· Line 79-81: “Alongside, previous studies […] on the BBB opening”.
· Line 116-121: “The interaction of […] with vascular/neuronal damage”.
· Line 268-283: “4. Analysis of microbubble […] in Figure 3”.
R1.5. As already discussed by O'Reilly et al.8 the type of anesthesia has an effect on the BBB disruption. Vasodilation occurs after the initiation of isoflurane, with potentially a reduction of the blood flow and the circulation of microbubbles. A stable anesthesia protocol is therefore advisable to achieve reproducible results. Alternatively, the animals can be anesthetized with a 340 mix of ketamine/xylazine, which has no known vasoactive effects" Ref 15, not 8 was the first to highlight this issue. It's worth noting a key issue with isofluorane is the carrier gas. If oxygen is used the bubbles rapidly dissolve. With medical air they are stable much longer and BBB opening is effective. I believe that Ref 8 does comment on this, although it has been anecdotally reported by many studies.

As mentioned, the authors appreciate the comment of reviewer and share his opinion with respect to the impact of anesthesia on the variance of the obtained BBBD. The anesthesia/bubbles are indeed one key aspect to reproducibility, which is frequently glossed over. More concise information concerning the anesthesia has therefore added in the document. Some of the “pitfalls” (which we can substantiate based on our data / direct experience) are added/emphasized in the “Discussion” section of the annotated manuscript:
· Line 452-461: “Previous reports described […] known vasoactive effects”.
A remark to the reviewer: 
· We keep fairly strict anesthesia protocols and did with respect to the vaso-activity of isoflurane not experience any problems. But indeed, we underlined the importance to do so in order to obtain reproducible results.
· We added another important point, which we found also crucial with respect to reproducibility of the results: The gas mix (i.e. the amount of isoflurane in the breathing gas, the resulting depth of anesthesia and the associated body-core temperature of the animals). This really changes the heartrate of the animals a lot and thus leads to a large variation of cerebral blood flow (with all associated variation with respect to BBBD and subsequent drug delivery). We extended the paper accordingly and gave references evidencing/investigating this influence.
· With respect to N2/O2 mixture in the anesthesia gas: phospholipid SF6 bubbles loose in an adult human in the first 8 min after injection 80 % of their gas volume (reference has been added to the manuscript) and in a mouse display a plasma evacuation half-life of 60-120 sec only. We respectfully doubt if the N2/O2 gas mixture has a significant influence on this already very dynamic behavior. However, the reviewer is absolutely right: Taking into consideration the very short life-time of these bubbles in-vivo into consideration is crucial for reproducible results.  The manuscript has been extended in the discussion section accordingly.
Minor Concerns: 
R1.1.1. Requires copy-editing for typos and small grammatical errors.

As mentioned at E1, the authors have proofread the manuscript to ensure that there are no spelling or grammar issues, see annotated manuscript.

Reviewer #2:

Manuscript Summary:
The authors describe a convenient method and protocol for performing BBB opening using stereotactic guidance and image-registration. This should be of interest to people considering research in this area. The authors describe the system and the method for using it to open the BBB in rodents. Overall the manuscript is well written, but I'm not sure it can serve as a completely independent guide for readers in the absence of video. A couple of the areas where further clarification would help are listed below. As currently presented, this represents more of a 'see what we can do' paper rather than a visualized experiment designed for others to replicate.

The authors thank the review for the comments and suggestions. The protocol has been changed and in our opinion we feel comfortable now that readers are able to duplicate the work and design a FUS system based on their own requirements. Here after the video will be made.

Major Concerns:

R2.1. The registration of skull landmarks should be explained better. In section 3, the authors describe putting the animal on an imaging system

As mentioned, the authors have added additional information regarding the targeting of the animal. The chances are highlighted in the “Protocol” section of the annotated manuscript:
· Line 245-248: ”3.3 Determine the traget […] z=-4.5 from lambda”.

R2.2. The animal prep should specify details for mice and rats separately where relevant. For example, I am doubtful a 26g tail vein catheter can be placed in a mouse by most researchers. More commonly used would be 27-30g, and then some comments on the need to inject slowly to avoid bubble destruction should be provided. Also, some comments on keeping the length of catheter reasonable to avoid excessive injection pressure is important too.

The authors agree with the reviewer and updated the document. The changes are highlighted in the annotated manuscript: 
· Line 223-227 “2.7. Insert a 26-30 […] short as possible”.

R2.3. The authors display frequency spectra from acquired hydrophone signals, but little to no details are provided describing the signal chain/filtering to get this result. As written it's unlikely anyone without expertise in this specific area could reproduce these acoustic emission results.

As mentioned in our reply R1.4 (to the other reviewer), the authors agree with the statement of the reviewer. The requested information regarding the analysis of the frequency spectra by passive cavitation detection and the Fourier transformation has been added. And a (brief) overview of the corresponding literature has been added in the introduction. The changes are highlighted in the annotated manuscript: 
· Line 121-138: “The most common […] inertial cavitation detection”.
· Line 268-283: “4. Analysis of microbubble […] in Figure 3”.

R2.4. The authors should refer to other top-down stereotactic FUS systems in research use - at least 3 groups are using such a system (konofagou in Columbia, Chopra in texas, and Liu in Taiwan). There are probably others.

As requested by the reviewer, we added a much more comprehensive overview over the existing prior-art. Indeed, multiple groups using top-down FUS systems have been mentioned in the “introduction” section. The changes and references are highlighted in the annotated manuscript: 
· [bookmark: _GoBack]Line 107-114: ” Alternative to MRI […] the entire workflow”.

