EDITORIAL COMMENTS
Changes to be made by the Author(s):
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.
We have carefully read the manuscript and defined all abbreviations at first use. 

2. To avoid confusion, please confirm the corresponding author (it’s different in the manuscript and Editorial Manager).
Henrik Lauridsen will be the corresponding author on the final paper. Christian Damsgaard is listed as the corresponding author in Editorial manager, as the invitation was send to him. 

3. Please make sure the word count of the abstract is 150-300 words.
We made several minor text improvements in the abstract, which now is between 150 and 300 words. 

4. 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. This will ensure that filming will be completed in one day. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
We would like the entire 3-page procotol to be used for the video. 

5. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step.
The protocol consists entirely of discrete steps without any discussing paragraphs. 

6. 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 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. 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 consists of detailed step that will supplement our actions seen in the video. 

7. Given that your protocol discusses the use of this technique in different species, how will you film the video? Specific details will be required for the video and for readers to follow this protocol. Will you have multiple examples (different species)? If so, please look at the next point for details required for animal studies.
We will use goldfish (Carassius auratus) for the video recordings, as this species possess multiple types of retinal vasculature and is thus a highly illustrative example of the power of the ultrasound technique. 

8. Being a video based journal, JoVE authors must be very specific when it comes to the humane treatment of animals. Regarding animal treatment in the protocol, please add the following information to the text:
a) Please include an ethics statement before all of the numbered protocol steps indicating that the protocol follows the animal care guidelines of your institution.
We have included an ethical statement as the first paragraph in the protocol. 

b) What happens to the animals after the study? Please specify the euthanasia method without highlighting it.
We now mention that the animal is euthanized after ocular ultrasound. 

c) Please mention how animals are anesthetized and how proper anesthetization is confirmed.
This is already described as a note to point 1.1. 

d) Please specify the use of vet ointment on eyes to prevent dryness while under anesthesia.
We mention in the note to point 1.5 that vet ointment should be used in the contralateral eye of terrestrial species. 

e) For survival strategies, discuss post-surgical treatment of animal, including recovery conditions and treatment for post-surgical pain.
f) Discuss maintenance of sterile conditions during survival surgery.
g) Please specify that the animal is not left unattended until it has regained sufficient consciousness to maintain sternal recumbency.
h) Please specify that the animal that has undergone surgery is not returned to the company of other animals until fully recovered.
Response to e)-h): Since we link the protocol to a specific animal experimentation protocol, where animals are euthanized during anesthesia, we do not describe post-experiment recovery. However, because the technique is non-invasive, post experiment recovery is possible. 

9. Step 2.4: Please give more details (values, settings etc) and describe the button clicks, commands etc involved in this adjustment.
Specific values for ultrasound field of view (size of the image) are hard to provide because they depend on what the user is imaging. Name of buttons vary between ultrasound systems, but are usually logical (e.g. “Image depth” adjusts how deep the image is “Image width” how wide it is etc.). We have updated the note to step 2.4, specifying this point.

10. Steps 2.6-2.8, 3.4-3.5: HOW is the reader supposed to do these things? If you anticipate different instruments will require different steps, at least describe with your instrument, explain what is being done, explain all steps in detail, which will be helpful for the video and for readers. If image processing is outside the scope of the protocol, consider giving at least the values and settings to be used in a table and cite this table.
Response to 2.6: Gain adjustments is literally a button (usually a rotary knob) on all ultrasound system. This will be clear to all users with basic training in ultrasound imaging.
Response to 2.7-2.8: Translating the transducer simply means to move (parallel displacement) the transducer from one position to another. This can hardly be explained in more detail.
Response to 3.4-3.5: We have added the ImageJ command name in parentheses. Also, in the note to step 3.3 we point the reader to Supplementary file 1 that contains an annotated ImageJ macro script exemplifying how calculations can be made in an imaging software.

11. Please include a scale bar for all images taken with a microscope to provide context to the magnification used. Define the scale in the appropriate Figure Legend.
All relevant images have scale bars. 

12. Please sort the Materials Table alphabetically by the name of the material.
Done. 

13. Files uploaded to the “Supplemental Files (as requested by JoVE)” section of your Editorial Manager account are only for JoVE’s internal use and will NOT be published with your article. If you would like your files to be available for download with your article, then please move them to the “Supplemental Code Files” section of your Editorial Manager account.
We have uploaded our videos to the Supplemental Code Files section of Editorial Manager. 

REVIEWERS' COMMENTS
Reviewer #1:
Manuscript Summary:
The present study present a non-invasive ultrasound technique for generating three-dimensional angiographies in the eye without the use of contrast agents.

Major Concerns:
There are multiple applications in zoological and veterinarian research for the flow-enhanced ultrasound workflow to map the physiology and anatomy of the eye's vasculature. The present study merely applied this imaging approach in eyes across some different species, which jeopardize its attraction and novelty. 

This imaging technique was originally designed to be applicable to a broad range of species, and we list 46 species of vertebrates in which this technique has been applied in Table 1. In the introduction and in the final paragraph of the discussion we describe how the technique can be used in zoological and veterinarian research.

The following might be take into account:

Clear comparison among different imaging strategies and the flow-enhanced workflow
The introduction contains a brief comparison between different retinal imaging techniques and how they compare to the presented flow-enhanced workflow. However, it is now within the scope of this protocol-focused article to include a comprehensive comparison between these techniques. 

Clarify the principle of the present flow-enhanced workflow and add illustration
Figure 2A-E presents the sequential steps in the flow-enhanced ultrasound protocol, and the six panels of figure 1 show an examples of the experimental setup. 

Further study on future implementation of flow-enhanced ultrasound mapping of mammalian vasculatures replies on the microbubble and ultrasound
We have further elaborated on the mapping mammalian vasculatures by combining ultrasound and vascular microbubble injections. The text now reads:
“In traditional ultrasound workflows, vascular injection of microbubbles provides high enough contrast to identify the vasculature in mammals36, which can be used to generate vascular angiographies of the retrobulbar vessels within the rat eye37. However, the microbubbles burst within minutes, so generation of 3D angiographies requires successive microbubble injections. “
 


Reviewer #2:
Manuscript Summary:
This is an interesting paper that demonstrates a simple method for 2D and 3D imaging of ocular vasculature.

Major Concerns:
Line 50 and elsewhere: While the choriocapillaris is indeed posterior to the photoreceptors, the main cause of reduced OCT sensitivity is absorption of light by the retinal pigment epithelium. Note that OCT usually is based on near infrared light sources, which are not strongly absorbed by photoreceptors.
We have changed ”photoreceptor” to “retinal pigment epithelium” in the introduction and the discussion. 

Line 53: OCT systems can produce quite good images of the vasculature as deep as the choroid in clinical exams, particularly when using 'extended depth' technique or using 1µm swept-source..
Thank you for this great suggestion. We have revised the sentence, which now reads:
“Similar depth limitations are experienced in optical coherence tomography (OCT). This technique can generate high-resolution fundus angiographies using light waves at the technical expense of depth penetration23, while the enhanced depth imaging OCT can visualize the choroid at the expense of retinal imaging quality24. “ 

Line 104: At various points, the paper refers to the 'transducer.' From the figures, it would appear that this refers to a linear array probe. Please make it clear that a linear array probe was used rather than a mechanically scanned single-element transducer.
At first mention of the word transducer, we indicate that it is a linear array probe. 

Line 120: Note that the crystalline lens, which is comparatively large in many species, strongly absorbs ultrasound, especially at higher frequencies.
We have added this suggestion as a note to point 2.2. 

Line 137: By 'temporal resolution' I assume the author means the interval between successive B-scans, the inverse of the frame rate. Please state this for clarity.
We have now clarified that by “temporal resolution” we mean the time interval between successive B-scans. 

Line 156: At some point, the authors should cite papers by Silverman and Urs in Exp Eye Res in 2021 and 2020 describing ocular blood flow imaging of the rat eye using ultrafast plane-wave methods and the advantages or limitations of their method compared to plane-wave.
We now mention the work of Urs et al’s the third paragraph in the discussion when discussing the limitations of microbubble injections. 

Line 169: The authors might note that this is similar in principle to the method used in OCT angiography (Jia et al, 2012) which is based on pixel decorrelation over multiple interrogations of each line or sight.
We have noted in the introduction that our methods applies similar principles as the OCT angiography and we have referred to the Jia et al 2012 paper. 


Line 318: "Given the high temporal resolution, the flow-enhanced 2D ultrasound workflow shows strong potential as a method for identifying temporal changes in relative blood flow velocities and blood flow distribution during experimental manipulation." Systolic flow velocities may be on the order of 5-10 cm/sec depending on vessel and species. Depending on the ultrasound frequency, temporal resolution would probably need to be an order of magnitude higher to measure such velocities.
We respectfully disagree with the reviewer on this point. In the sentence, we explicitly say “relative blood flow velocities” i.e. not absolute values but changes following some kind of experimental manipulation. We have used frame rates (temporal resolution) in the range of 12 – 267 s-1 in our ultrasound examination of eyes (see Table 1), although the system we primarily use can actually provide even higher temporal resolution (>400 s-1) by decreasing spatial resolution and the size of the field of view. If we use the maximum systolic flow velocity value provided by the reviewer (10 cm s-1) and the maximum temporal resolution we use in the manuscript (267 s-1), then for every frame, blood cells will maximally have traveled 0.37 mm which is well within the field of view (usually in the range of centimeters) and would generate variation in pixel values over time that would provide contrast in a flow enhanced image, and could be used to detect relative changes if flow velocity was experimentally manipulated. We have not elaborated on this point in the revised manuscript.  

Table 1 as presented is not very interesting. I would suggest adding a column indicating nucleated or non-nucleated red cells, possibly another column indicated approximate axial length of eye and perhaps ideal probe frequency. The ultrasound figures should include frequency of ultrasound probe and frames/sec.

We have added two columns specifying the frequency of the ultrasound transducer and the axial diameter measured in the same animals. 


Reviewer #3:
Manuscript Summary:
The authors are to be congratulated upon their interesting presentation of their findings to propose a novel non-invasive method for high resolution imaging of choroidal vessels. Their innovative technique can have potential implications for clinical use and I strongly recommend the acceptance of this manuscript for publication.

Major Concerns:
None

Minor Concerns:
None


Reviewer #4: 
Manuscript Summary:
Conveys the proposed study succinctly, in a relevant area of work

Major Concerns:
none

Minor Concerns:
protocol for flow enhancement could be added
We have now described the sequential steps required for flow enhancement in ImageJ. 
