Dear Editor and Reviewers,
Thank you for your comments.  Please see a detailed response to the concerns below.
Russ Knutsen and Beth Kozel

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. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version. Addressed as requested
2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points Addressed as requested
3. Please ensure that the long Abstract is within 150-300 word limit and clearly states the goal of the protocol. Word count: 163
4. Please describe all abbreviations during the first time use. Addressed as requested
5. Please expand the Introduction to include all of the following: This was done as requested with the relevant responses being found in the following lines. 
a) A clear statement of the overall goal of this method line 62-63 and 65-68
b) The rationale behind the development and/or use of this technique line 63-65 and 70-77
c) The advantages over alternative techniques with applicable references to previous studies line 77-85
d) A description of the context of the technique in the wider body of literature lines 70-77
e) Information to help readers to determine whether the method is appropriate for their application lines 87-93
6. JoVE cannot publish manuscripts containing commercial language. 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. E.g., Instech, Plymouth Meeting, PA, Sigma, St. Louis, MO, Beckton Dickinson, Franklin Lakes, NJ, Teleflex, Coventry, CT, Microfil, Kimwipe, etc. Addressed as requested
7. 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.” Addressed as requested
8. The Protocol should contain only action items that direct the reader to do something. Addressed as requested
9. Please ensure you answer the “how” question, i.e., how is the step performed? Please include all the button clicks in the software, knob turns etc. Please use complete sentences to describe the action. Addressed as requested (See changes to steps 2.6, 2.8, 3.1, 3.2, 3.4, and 6.4)
10. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less 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.  121 non-continuous lines (2.75 pages) have been highlighted accounting for headings and spaces in the clean version of the manuscript.
11. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].” N/A
12. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text. Please ensure all figures are referenced in the text. For the figures describing the protocol, please reference them in the protocol section.  Addressed as requested
13. Please do not abbreviate the journal titles in the reference section.  Addressed as requested
14. Please sort the table in alphabetical order.  Addressed as requested


Reviewers' comments:
Reviewer #1:
In their manuscript entitled "Vascular Casting of Adult and Early Postnatal Mouse Lungs for micro-CT Imaging", the authors detail the casting process of mouse lungs as means of visualising the vascular tree in 3D using μCT.

The casting method is described in great detail and discussed adequately in the discussion section.

However, as it is stated in the title the casting is done specifically for volume imaging by means of μCT, and that second-leg of the study is almost completely absent from both the "protocol" and "discussion" sections. This needs to be addressed so that the manuscript can meet readers'/viewers' expectations. Specifically:

In "protocol" A new section in the protocol (Section 7 - lines 327-343) and discussion (lines 518-521) has been added to briefly address these concerns.  Additionally, a new table identifying the parameters we chose (Table 2) and a Figure (Fig 3; Legend – lines 434-436) clarifying the sample mount have been included.  Different users’ experiences may vary based on their available equipment.  Consequently, we’ve focused on the most generalizable approach.  We’ve also limited discussion of post-processing specifics as there are many different analysis options that far exceeds the scope of this paper.  We hope this addresses your concerns.
*Please give details about the imaging protocol used for imaging the casted tissue; That is: kVp, target material, power, filtration, number of projections, size of the detector, voxel size, spatial resolution and acquisition time. Please see Table 2 for these parameters.
*Please give details about the sample mounting approach and scanning environment. Was the samples scanned wet or dry? How it was stabilised? This has been addressed in the new protocol section (step 7.1 and 7.2).  The CT scanner we used uses a gantry that rotates around the sample vs. the sample actually rotating.  Stabilization, therefore, is less critical as the sample itself is stationary during the scan.
*How were the data reconstructed? FBP or Iterative reconstruction? Using commercial or custom developed algorithms? Please see table 2 for details.
*Was any post-processing done on the reconstructed data? We performed minimal post-processing, which is described in the figure legend of Figure 7C.
*Please give details of the software used for visualisation. In this case, the software we used was Analyze.  JoVE does not allow commercial language in the text.  Please see Line 418 in manuscript for general statement and materials table for specific software packages.

In "results"
*Please provide representative single grey-scaled reconstructed slice from the μCT volume (not binarized) so that readers can evaluate the quality of the imaging. This has been added in Figure 7 as panel A.  The legend has also been updated.

In "discussion"
*In lines 379 & 397 authors state that this methodology achieves "robust and highly reproducible results" but no data are provided to support these statements nor any relevant literature is referenced. Please rectify or remove the statement. The statement has been removed in three positions (lines 45, 409, and 482).
*Can this method be used to visualise the bronchial tree too, and if so what kind of modifications would be needed (if any)?  While this may be useful for proximal structures, once the fill enters the more distal airways, there is not (in our limited experience) enough space between bronchioles/alveoli to allow optimal visualization, grossly or by CT.  The other challenge would be filling the airway at a set pressure.  At 8:1:1 the microfil is too viscous for gravity to overcome the wall tension of the PE tubing.  Using larger tubing and a larger gauge catheter might help overcome this challenge but, accurately measuring inflation pressure would need to be addressed.  Given the range of technical challenges that would need to be addressed, we found this to be outside the scope of the current manuscript.
*Can the casting approach described here be used to co-visualise the bronchial and the vascular trees in the same specimen? When studied by CT, the casting reagent is identified by its radiodensity.  Loading both the vasculature and proximal bronchial tree with Microfil would likely create challenges when trying to differentiate and visualize the two circuits simultaneously.  Using two different casting agents that differ in density might alleviate this but differentiating between both circuits distally would be challenging.  This would certainly be interesting and worth investigating but, beyond the scope of this paper.
*Please discuss pros- and cons- of this approach compared to non-destructive μCT approaches such as phase-retrieval μCT imaging and 3D x-ray histology  Please see lines 561-570


Reviewer #2: 
In this manuscript, authors have described the method of mouse pulmonary artery casting. The manuscript is well written and well organized. However, there are several points that need to be clarified.

Minor points
1. Line 92: Authors euthanize the mice with carbon dioxide. It is known that euthanasia with carbon dioxide damage the alveolar structures and lead to pathological pictures of the alveoli (e.g. pulmonary edema). This point needs to be clarified.  Thank you for this comment.  Short exposure to CO2 is unlikely to damage alveoli to the extent that it would change lung structure.  Damage to pulmonary structures via C02 is also strain dependent.  We used pure C57Bl/6 mice and they are less susceptible to pulmonary hemorrhage  (BALB/c is more susceptible for example) by this method.  Our focus is also vascular.  Evidence of damage may manifest itself in the form of deflated lungs, possible leakage of Microfil in terminal vessels, or noted structural differences in vascular architecture post-filling and we have not observed this.  A line has been added in the discussion under modifications noting this (line 511-513)
2. Line 123-125: Description of the procedure is hard to imagine, please improve it.  Step 2.8 -The language in steps 2.6 and 2.8 has been altered to address this concern (Now lines 133-135 and 140-143).  Additionally, these steps have been specifically highlighted for filmable content.  The video should further clarify this step.
3. Line 146-149: Description of the procedure is also hard to imagine, please improve it.  Step 3.2 – Language has been added to clarify (line 167-172) and this step has been specifically highlighted for filmable content.  The video will further clarify this step.
4. Line 156: please describe 1. How to locate the right ventricle (RV) 2. Which part of the RV is excised and 3. Which instrument is used to make incision, 4. How big and how deep is the incision?  Step 3.4. - 1. The RV is thin walled and easily distinguishable from the LV.  Added “thin walled” to text (line181) and made a note addressing this (lines 188-189).  2.  The RV is not excised.  An incision, however, is made and location not important.  It is merely an access point to the target PAT. Added “toward the apex of the heart” (line180) 3.  Added “scissors” to text (line180).  4.  Added “penetrating” to text – the depth needs to actually penetrate the RV completely to gain access to PAT (line181).  The size should be large enough to accommodate the cath/PE10 tubing.  “1-2mm” has been added to text (line180).
5. Line 177: Purpose of fixing the airway is not clear. Does this improve quality of casting procedure and/or quality of the image? The procedure may affect physiological structures of the pulmonary vasculature, especially at the peripheral level.  Section 4 – Fixing the airway assists in fixing the lungs internally at the given pressure which is crucial when making comparisons across age/genotype.  We used a physiologic pressure to guard against overinflation and mitigate against damage to peripheral structures.  Substituting a physiologically neutral buffer (PBS, PSS, etc.) would be an alternative for researchers that require vessels to be cast in an unfixed state.  We added language under Discussion/modifications (lines 513-515) to address this.
6. Line 218: Microfill is very viscous and does it go through PE10 and needle smoothly?  Step 5.4 - We have had no problems advancing the Microfil through the PE10 tubing.  It advances very smoothly with absolutely no complications.  Added “freely” to step 5.5 line 264.
7. Line 221: Please clarify how to prevent the dislocation of the tip of PE-10 during the infusion of Microfill.  Please refer to step 3.4 and 3.5.  The tightened suture around the PAT does most of the work but taping the distal portion of the PE10 tubing to the surgical board also prevents dislocation.  Additionally, in the discussion under modifications, using a micromanipulator and/or creating a “trumpeted” tip can assist in preventing dislocation (line 501-509).
8. Line 230: At room temperature? Step 5.6 – added language.
9. Line 232: Please describe which type of vessels (e.g. 50 ml tube) can be used to fix the bulk tissue (thorax). Step 5.7 – added language (line 278)
10. Line 238: With this procedure (systemic perfusion), all organs (e.g. brain, muscle) in the table can be nicely casted? Please clarify. Section 6 – Yes, complete and comprehensive casts can easily be achieved in each vascular bed.  Added language referring to Table1 (line 284) and included a note (lines 286-288)
11. Line 355: Latex means Microfill? Please clarify. Thank you, latex is incorrect and has been removed.  Changed to “polymer compound”
12. Please describe detailed settings of micro CT for the imaging. See Table 2.
13. Fig 3 A and B: why right lobes appears to be smaller than left lobe?  Now Fig 4A and B - This is a dorsal view and the right side is larger than the left


Reviewer #3:
Manuscript Summary:
In this review paper, the authors set out to describe in detail their state-of-art method for 3-dimensional visualisation of the pulmonary vascular architectures using micro-CT imaging with Microfil contrast agent and vascular casting technique. The manuscript is instructive, well-written and scientifically sound, and would be of interest to the readers of the Journal of Visualized Experiments (JoVE). The quality of the research work presented in the paper is high, and the authors explained the details involved in each step clearly and provided detailed information on tools and materials utilized. Moreover, the authors provided an insightful and interesting discussion with pertinent points relevant to the limitations and potential future directions. However, the manuscript could be further improved by addressing some specific areas. The following are my comments:

Major Concerns:
1. (Line 206) under the subheading of 'Casting the vasculature', the authors described that they prepared a solution mixture of three ingredients: Microfil, Diluent and Curing agent - by the ratio of 8:1:1 respectively.

- However, according to the Flowtech website of the Microfil company (https://www.flowtech-inc.com/about/), the ratio appears to be different - 'occasionally it may be necessary to decrease viscosity by changing the mix ratio to either 2 or 3 parts MV-Diluent for each part MV compound. If your study requires such action, the correct level of MV Curing Agent is 10% (by weight) of the amount of MV compound used.' My reading is that the ratio should be (1): (2-3): (0.3-0.4) of the mixture of the three ingredients: Microfil, Diluent and Curing agent respectfully. The ratio is very different from the company's recommendation. The authors did not provide reasons for their departure from the recommendation by the company. Is this a typo? If their ratio is uniquely derived from trial and error attempts. It seems pertinent to provide more information. My concern is this mixture ratio is markedly different from the Flowtech company, therefore how effective is this mixture in term of its polymerisation after injection.  We increased the viscosity to prevent venous transit, following the guidelines from reference 8 (Phillips, M. R. et al. A method for evaluating the murine pulmonary vasculature using micro-computed tomography. J Surg Res. 207 115-122, (2017)). We’ve inserted the reference.  We’ve had no problems with polymerization time post injection or polymer integrity acutely or longitudinally (months later).  Additionally, altering the viscosity does not affect these parameters in any meaningful way in our experience.

Minor Concerns:
1. The Abstract:
- The Abstract is concise and includes the method used. However, the authors should revise the last paragraph (Line 54-57: 'When performed successfully, one can appreciate the complete pulmonary arterial network, enabling analysis of vessel number, density, length, and branching pattern. While demonstrated in the pulmonary arterial bed, this method can be applied to any vascular bed with optimized catheter placement and endpoints.').
This manuscript is confined to describing the vascular casting technique, and did not include methods on vascular characterisation or vascular network analysis. It seems appropriate to put the text within the context of the ultimate goals rather than as statements within the Abstract. For instance, 'When performed successfully, the casts could be utilized for vascular characterisation or vascular network analysis.' Line 54-57 appears more appropriate for the Discussion rather than the Abstract.  We have made the change as suggested (line56-57)

2. Protocols: Few technical details should be expanded and clarified to ensure that readers understand exactly what the authors meant:

2.1 (Line 172 & 218) 'The authors infused perfusion solution at 0.05 ml/min, whereas perfuse Microfil at 0.02 ml/min.'
- Could the authors please explain why they decided to use different infusion rate between those two solutions?  We chose different rates because the PBS/NaNP solution has a low viscosity and the goal is a complete perfusion.  Consequently, we utilized a higher rate to shorten the duration of the protocol, allowing additional animals to be processed on the same day.  For the Microfil, we reduced the speed to 0.02ml/min at this critical step to prevent venous transit and better control the endpoint (See lines 206-208). 

2.2 (Line 223) The authors described that 'After Microfil injection completion, stop the syringe pump and then allow the carcass to sit undisturbed for 30-40 minutes to let the Microfil cure and harden'.
- My view is that the pulmonary circulation should be in a close system in order to prevent Microfil leakage out via the clipped left auricle. If it is correct, the authors should add one step about how to tighten loose suture.  The goal of this paper is to fill the arterial side and, thus, leakage of polymer from the auricle not an issue as Microfil does not enter the venous system.

2.3 (Line 233) The authors stated 'Place the head/thorax into in 10% buffered formalin overnight'
- The authors should provide specific temperature (cool room or room temperature) by which they kept the specimens.  Added language (line 274)

2.4 (Line 329) The authors mentioned 'a variety of software packages.'
- The authors should be more specific with the software that they used or give some examples. Now line 539 - JoVE does not allow commercial language to be added to text.  Please see Materials table for added software options (Software: Analyze, Amira, and Horos – Lines 8, 9, and 20)

2.5 (Line 355 & 370) The authors mentioned 'Latex'.
- What does Latex mean? It seems the authors would like to refer to Microfil, however, the Microfil is a radiopaque silicone rubber, and is not Latex. Please clarify.  “Latex” has been changed to “polymer compound” throughout text.

3. Challenges:
- The issues of air bubble: How did the authors clear any air from the system properly? Especially, (line 213) in between changing solution from blood clearing perfusion to Microfil casting (during change syringe), how best to get rid of the air bubble? Step 5.2 and 5.3 addresses this and we agree it may not be easy to visualize.  To that end, this step has been specifically highlighted for filmable content.  The video will further clarify this step.  Additionally, some language has been changed in each step (lines 248-249 and 253)
- How to overcome the imbalance in flow and unequal pressure gradient? Please provide more details.  This is specifically addressed in the protocol (please see step 3.4 lines 184-186)  We’ve also restructured the results to better highlight this (lines 389-398).
- What is success rate of the vascular cast generation? Please provide more details.  With training, success rate is >90%.  This is acknowledged in line 577.
- The authors showed many examples of common errors during Microfil perfusion (Figure 4 & 5). It would be more instructive to the readers if the authors explain cause(s) of each errors and how to solve those problems.  These figures have now been combined into one (now Figure 5). Additionally, we reorganized this section to better explain each of the common errors (lines 354-398).  

4. Figures and tables:
- The figure 4B, 6A, 6B are unclear: the resolution is poor and the images appear blurred and out of focus. Please replace. We appreciate the reviewers concern.  The challenge lies in the 3D structure of the vasculature leading to different parts of the image being in and out of focus.  In addition, some of the leakage produces haziness in the tissue which is actually part of what the reviewer noticed.  We worked to create new images but some of the “imperfections” result from the “error” in the technique.  4B – We merged fig 4 and 5. and 4B has been removed from the manuscript entirely.  6A – The punctate appearance on the surface of the kidney are vessels nearing the surface but somewhat obscured by surrounding soft tissue. We replaced the original image with an improved one. 6B – these vessels are deeper within the tissue and, as a result, resolution suffers due to soft tissue obscuring the target.  We retook several pictures and saw no improvement.  This is true to what the user would be able to visually observe in determining the endpoint.
- Figure 4 and 5 provide similar information and could be combined.  We agree and have combined the 2 figures into the current figure 5.
- Figure 7 should show the scalebar or magnification.  We’ve placed a scale bar on the 2D images, Fig8A and 8B.  Displaying a 2D scale on a 3D object (8C) however, is not generally recommended as the aspect ratio and viewing angle can influence the scale between various parts of the volume rendering.


5. Abbreviations:
- The authors should provide the full name for every abbreviation when first mentioned, for example, 'postnatal day 1 (P1)'.  Thank you, we’ve scoured the text and made every effort to address this.


Reviewer #4: 
Manuscript Summary:
Knutsen et al present a thorough protocol on the vascular casting of murine lung arterial network. This method show a reproducible and highly applicable approach to visualize vascular system in 3D. The manuscript is well written and contains a detailed protocol of different steps and discusses challenges connected with this method. Please see our comments and suggestions below.

Major Concerns:
Protocol comments:
Point 2.5 please explain why oesophagus needs to be severed  The esophagus, which runs parallel to the vena cava in the chest cavity, obscures the surgical field. Language has been added to further clarify the anatomy (line 129-130).  This step has been specifically highlighted for filmable content.  The video will further clarify this step.
Section 3 is a very crucial part of the protocol. In the video, please explain this part carefully step by step. Perhaps detailed pictures would also help for researchers performing the procedure without the video in front of the, ie at the bench. We agree and are glad that you picked up on that.  Given the shutdown of lab space at the NIH, we were not able to go back and take the pictures you requested but do think that this will be well covered in the video.  This step has been specifically highlighted for filmable content.  
[bookmark: _GoBack]Point 3.2 Please clarify how do you penetrate the heart with the silk (there is no mention of a needle) There is no need for a needle.  Using sharp curved forceps allows for this maneuver in lieu of a needle.  We added language in the text to hopefully clarify. Additionally, this step has been specifically highlighted for filmable content.
Point 3.4 How and when do you prime the tubing.  The priming step is 3.1 when the units are first assembled.  This is accomplished when the PBS/SNP is pushed through the syringe and PE10 tubing effectively displacing the air.  In step 3.4 you are just confirming no air has crept back in the tip of the PE10 tubing. We’ve added language to step 3.1 (line 157) and 3.4 (line 182) to make this a bit clearer.  This step has been specifically highlighted for filmable content.  The video will further clarify this step.
Point 3.7 Please specify how do you perfuse and whether you connect the syringe to the tubing  The connection of syringe and tubing are made in step 3.1.  We’ve added “Unit 1 and Unit 2” here to help reference that (line 201).  In terms of how to perfuse – at this stage the catheter (PE10 tubing) is firmly secured in the PAT and the syringe portion of the “unit” placed in the syringe pump.  Once you turn the pump on it will begin pushing the PBS/SNP through the vasculature thereby perfusing the circuit.
Point 4.1 Please rephrase "Close stopcock and raise the syringe until the meniscus is 20 cm above the trachea". It is unclear how meniscus or of which tube/liquid should be 20 cm above trachea. This is the lung inflation unit in fig2.  The tube, liquid meniscus, and stopcock can all be visualized here.  We added labels on the figure to clear up any confusion.
Points 4.2 to 4.6 should be very carefully explained during a video or images should be provided to show these steps. These steps have been specifically highlighted for filmable content.  We intend to carefully detail each of these steps in the video
Point 5.7 when the catheter is removed is the PAT ligated or is there no risk of microfil leaking out? If the PAT is ligated please mention it in the protocol The Microfil is polymerized at this point (see step 5.6 stating this) so there is no need to ligate.
Point 6.4 Please specify what do you mean by "opening" in this sentence: "Pull a 3 cm length of 7-0 silk back through opening and create a single-throw loose suture." This is the same concept as in step 3.3.  I’ve altered the language to make it more clear (line 299-302).

Figures:
Figure 4A and 4B is not mentioned in the manuscript text Figures 4 and 5 have been condensed into just Fig 5 now.  4A is now 5F, 4B has been removed entirely, and 4C is now 5A. All of them are now referenced in the text.
Figure 5 a and b point out to the line showing collapsed lungs in a text Now 5B and 5C.  We’ve added a white dashed line to both 5B and 5C to show the original inflated position and added a black dotted line on 5C to highlight the deflated position.  Also added text to the fig legend stating this.
Figure 5F please provide a close up image of the rupture Now 5G – We have replaced this image with a close up.
Figure 6D the description says large intestine, looks like a rib cage? Please double check Now 6D -We checked and it is, in fact, large intestine.  Please note the stool in the colon.  The lower right portion of figure is the marginal artery of Drummond that runs parallel to the intestine and supplies the smaller feed branches.
Figure 7 is not mentioned anywhere in the manuscript text -> line 328 refers to figure 7A not 6A please correct, line 330 refers to figure 7B not 6B please correct Thanks for catching this.  This is now 7A, 7B, and 7C and it has been addressed (line 417 and 420).

Material:
The material list contains:
-hydrochloric acid - This has been deleted from the materials list.
-parafilm – This has been added to the protocol (line 329).
-steel plate – Added under modification section in discussion (line 504).
-slide holder – This is actually the surgical board we use.  Reworded the Materials list to reflect this.
-20ml Glass Scintillation Vials – Added to step 5.8.

These items are not mentioned anywhere in the protocol. Please add the information.

Comments and questions:
Can you please discuss challenges of early postnatal vs adult mouse lung casting The main obstacle is size.  The smaller the animal the less forgiving small mistakes are.  Please see the new paragraph in the results section (lines 399-404).
Are the different tissue filled with Microfil cleared in figure images? If yes please describe your clearing protocol.  No tissue in this manuscript has been cleared.  Each organ/tissue has been removed from the animal, placed in fixative, and imaged individually.  Depending on the tissue some may appear more translucent than others but, no clearing steps have been performed.
Page 23 continuation of the table: either fit table on one page or add additional column stating the organ it concerns This was a formatting error.  It has been changed to fit on a single page
Page 26 and 27 comments/description - the comments seem incomplete - maybe missing images or information?  This is another formatting error.  We have consolidated the information on a single page now.



