Modeling stroke in mice: transient middle cerebral artery occlusion via the external carotid artery

We would like to thank the reviewers and editors for the very positive general evaluation of our manuscript and the constructive comments. Please find below a point-by-point reply to all individual comments:

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response: As suggested, we reviewed the manuscript thoroughly and confirmed that there are no spelling or grammatical problems.

2. Please revise the following lines to avoid previously published work: 30-31, 38-39, 50-52, 56-57, 59-64, 108-110, 123-129, 142-144, 208-210, 292-315, 345-347, 354-356, 358-360, 362-367, 380-382, 424-425.
Response: As suggested, we have reviewed the different selected sections and added the appropriate references. We would like to point out that no references were added in the summary and abstract.

3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Response: As suggested, we substituted all personal pronouns in the new version of the manuscript. 

4. Line 127-129: Please specify the size and type of the suture material. What volume of syringe is used? How much volume of saline is taken in the syringe?
Response: As suggested, we have now specified the size and type of suture material (5-0 coated braided polyester suture line: 124). We also added information on the type of syringe used (1 mL syringe, line: 125). However, regarding the volume of saline taken in the syringe, we would like to point out that saline solution is used throughout the surgical procedure to maintain the operation area hydrated and there is no limitation on the specific volume used for each animal (line: 125-126).

5. Line 136-137: Please specify the route of injection.
Response: As suggested, we have now added the injection method (intraperitoneally) in the protocol (line: 134).

6. Line 159: Please mention how the skin is closed?
Response: As suggested, we have now better clarified how the skin is closed. In brief, at the same time that we glue the tip holder to the skull, the skin is also put in place and glued accordingly (line: 156).

7. Line 243-247/252-255: Please ensure that the Protocol section consists of numbered steps. We cannot have non-numbered paragraphs/steps/headings/subheadings. Add “NOTES” if necessary.
Response: As suggested, we modified the protocol so that all the steps are now numbered (line: 243-262/266-273).

8. For SI units, please use standard abbreviations when the unit is preceded by a numeral throughout the protocol. Abbreviate liters to L to avoid confusion. Examples: 10 mL, 8 µL, 7 cm2.
Response: As suggested, we have changed all the abbreviations according to the international system of units (SI).

9. Please do not highlight anesthesia and euthanasia steps in the protocol.
Response: As suggested, we have removed the anesthesia and euthanasia steps from the highlighted steps.

10. Please include some limitations of the protocol in the discussion.
Response: As suggested, we added some limitations of the protocol in the discussion. In brief, “the complexity of the surgery could be considered as a limitation, since it includes an invasive surgery and a precise manipulation of the different arteries very close to the trachea and the vagal nerve. Also, the long exposure of the animal to anesthetics might be a critical factor to also take into account, as the impact of anesthetics on neuroprotection and stroke outcome has already been well documented.” (line: 410-414)

11. Please do not use the &-sign or the word “and” when listing authors in the references. Please title case and italicize journal titles and book titles. Do not use any abbreviations.
Response: For the reference list, we have used the ENDNOTE's JOVE citation style, with no additional modifications, as written in the guidelines. 

12. 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].”
Response: Although Figure 1 is our own production and it is a simple schematic representation of the vessels involved in the surgery and how we introduce the Doccol® filament to occlude the MCA, we adapted from a previous publication (Jackman et al., 2011) and we now cited in the figure legend (line: 379).

13. Please remove the titles and Figure Legends from the uploaded figures. The information provided in the Figure Legends after the Representative Results is sufficient.
Response: As suggested, we have now removed the titles from the uploaded figures.

14. Please sort the Table of Materials in alphabetical order.
Response: As suggested, we now sorted the Table of Materials alphabetically by the name of the material.


____________________________________
Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This manuscript mainly focuses on the establishment of a stroke model by the method of transient middle cerebral artery occlusion via the external carotid artery. The research method summarizes some commonly used methods and conducts a comprehensive and accurate summary. The detailed steps are convenient for researchers to understand and learn MCAO, which has extremely high reference value. In order to make it easier for researchers to understand, the manuscript needs some improvements.


Major Concerns:

none

Minor Concerns:

1. Line 171, change the sentence" Use retractors to find the left common carotid artery (CCA) and expose the surgical field" to the "Use retractors to expose the surgical field and find the left common carotid artery (CCA)".
Response: As suggested by the Reviewer, we have changed the original sentence in line 171 for the suggested one (line: 170).

2. Line 315, it is recommended to add a picture to show the formula more intuitively.
Response: We thank the Reviewer for this recommendation. We have added a schematic representation to better show how the infarct volume is calculated (Figure 4C) (line: 323). 

3. MCAO or MCAo, needs to be coherent.
Response: As suggested, we reviewed the manuscript thoroughly to make abbreviations consistent.


Reviewer #2:

Manuscript Summary:

The manuscript proposes a standardized transient MCAO mouse model based in introducing a silicon-coated filament in the external carotid artery, which is pushed until de Circle of Willis through the internal carotid artery to occlude the middle cerebral artery (MCA). This occlusion is monitored with a laser Doppler which allows detecting the blood flow through MCA. A modified neurological scale previously published is described to measure deficit analysis and procedures for measuring infarct volumetry based on Nissl staining are also described.


Major Concerns:

Line 86. There is a report Liu et al., 2012, PMID: 23272656 (doi: 10.1186/1471-2202-13-154) that compared two different procedures of performing MCAO one of the similar to that described in this manuscript and another method that pushes the filament from the common carotid artery which is much easier to perform. These authors indicate similar results in both methods. I am aware that the study was performed in rat, but I think it is worth referencing this alternative method that is easier to perform both in rat and mice.
Response: As suggested, we have now mentioned this issue in the discussion section. “Despite existing discrepancies between the consequences of cerebral blood flow restoration after MCAo19, it has been described that the variability of blood flow restoration after stroke can influence the pathophysiological and biochemical events in brain, as well as the infarct volume and the neurological deficits of stroke mice20” (line:423-427). 
More details should be indicated in some of the steps. Thus in step 1.2, material should be autoclaved, and ethanol 70% should also be prepared.
Response: As suggested by the Reviewer, we have now added more detailed information in step 1.2 (line: 123-126)

Step 2.9. It should be indicated if the procedure should be performed in the left or right side to be consistent with the artery to be occluded, the neuroscore, and the area of the brain damaged.
Response: As suggested, we have now specified that the laser Doppler probe is placed on the left side of the animal, to be consistent with the side of MCAo and properly record the drop in the cerebral blood flow (line: 155).

Step 3.2 The neck area where the incision will be made should also be shaved and disinfected
Response: Although we agree with the Reviewer, we cannot add the following statement in the manuscript. The protocol we are describing in this manuscript represents the consensus across different laboratories conforming the “ImmunoStroke” research consortium, all who have agreed on these procedures, including the fact of not shaving the mice before starting the surgery, but meticulously disinfect the area surrounding the chest. In addition, the protocol in its current form is also in line with good laboratory practices in all participating institutions of the aforementioned research consortium.

Step 3.3. More details explaining the skin, salivary glands and muscle handling should be done. The dissection of the vagal nerve should be more careful (this part should be explained carefully in the video)
Response: According to the Reviewer’s suggestion, we have now better clarified how to handle the sternomastoid muscle and the submandibular gland to expose the surgical field (step 3.3, line: 169). Moreover, we will emphasize how to carefully dissect the vagal nerve in the video.

Step 3.6 This step is critical and requires a more careful explanation of the procedure of making the hole in the ECA.
Response: We agree with the Reviewer that this is a critical step. However, we will emphasize how to carefully make the hole in the ECA in the video, which will be most helpful for the audience.

Step 3.7. The filament advance towards the Willis circle is not always smooth. Some suggestions to make easier the filament through the artery could help the readers. The second sentence in step 3.7 is confusing since the filament is still being pushed toward the Wills circle.
Response: We completely agree with the Reviewer. We are fully aware that if the filament introduction is not smooth, it very likely means that the filament goes into the pterygopalatine artery and not to the internal carotid artery (ICA). In such case, the surgeon needs to redirect the filament and properly introduce it into the ICA. However, if the filament goes to the appropriate direction and moves through the ICA, the filament always advance smoothly and no resistance is found (Step 3.8 line: 188-192).
Regarding the second sentence in step 3.7, we have now tried to better clarify in that sentence that the filament is secured in place to avoid bleeding when removing the microvascular clip in the next step. The filament is later flipped towards to the direction of the ICA until it reaches the MCA, where it is properly fixed (step 3.8).

Step 3.11. The re-position of the different tissues, muscles, glands and skin should be indicated. An alternative to the sutures is the use of surgical staples before the reperfusion and the suture could be performed after removing the filament.
Response: As suggested, we have clarified how sternomastoid muscle and the submandibular gland is done before suturing the skin. Regarding the use of surgical staples, however, all researchers conforming the “ImmunoStroke” research consortium agreed that suturing the animals is in our case better that the surgical staples, since those placed on the chest may be uncomfortable for the animal. 

Step 4.5. Again the handling of skin, glands and muscle should be indicated or at least referred to a previous step.
Response: As suggested, we have clarified again how sternomastoid muscle and the submandibular gland handling is done (step 4.5, line: 215)

Step 4.6. Removing the filament should be done very carefully since an improper removal can prevent reperfusion (in our experience in rats).
Response: We completely agree with the Reviewer that filament removal has to be done meticulously to avoid the rupture of the filament. However, we would like to point out that in our hands, and on behalf of all researchers conforming the “ImmunoStroke” research consortium, inappropriate reperfusion is observed in very few cases (~5%) and it is not associated with the way in which the filament is removed. 

Step 4.11. Again the re-position of the tissues should be indicated. Also, disinfection after the suture is recommended.
Response: As suggested, we have now clarified how sternomastoid muscle and the submandibular gland are handled and positioned back into place (step 4.11, line: 230-232)

Section 7 Consider renaming "Perfusion" to "Intra-aortic perfusion" or similar to avoid confusion with the term reperfusion used before
Response: We agree with the Reviewer that both terms could lead to confusion. Accordingly, we renamed “Perfusion” to “Intracardiac perfusion”.(line: 276)

In section 7 Consider the possibility of perfusion with 4% paraformaldehyde for better fixing of the brain (proper cautions should be indicated in this case)
Response: As suggested, we added a note stating the possibility to perfuse the animal with 4% PFA, according to the specific experimental aim (line: 279-280).


Reviewer #3:

Manuscript Summary:

The manuscript proposed a standardized transient MCA occlusion mouse model in which completely recover blood flow when removing the filament.

Major Concerns:

This manuscript is well written and helpful for scientists to reproduce the focal cerebral ischemia in mice. However, the similar MCA occlusion mouse model has already been published in JoVE (Rousselet E, Kriz J, Seidah NG. Mouse model of intraluminal MCAO: cerebral infarct evaluation by cresyl violet staining. J Vis Exp. 2012 Nov 6;(69):4038). This previous paper should be sited and discussed in the manuscript.
Response: As suggested, we have now discussed and cited the paper the Reviewer mentions (line: 418-429). “In contrast with previously described “filament” stroke protocols17, the method here described also allows the measurement of the cerebral blood flow during both, occlusion and reperfusion phases. Monitoring the blood flow during reperfusion might be an important parameter for preventing stroke reperfusion injury18, which in clinics is known to cause deleterious consequences in patients that underwent pharmacologic or endovascular interventions for recanalization of the thrombosed vessels. Despite existing discrepancies between the consequences of cerebral blood flow restoration after MCAo19, it has been described that the variability of blood flow restoration after stroke can influence the pathophysiological and biochemical events in brain, as well as the infarct volume and the neurological deficits of stroke mice20. Therefore, in the model here described, a complete blood flow restoration and its recording are requirements to guarantee reproducible infarcts among mice, especially when aiming at conducting translational stroke studies.”


Minor Concerns:

Authors described that "the overall mortality during surgery is less than 5% (line 409)", but suggested exclusion criteria "1)Operation time longer than 20 min; 2)More than 20% of blood flow reduction of the initial value when CCA occluded; 3)Reduction of blood flow during occlusion below 80% of the initial pre-occlusion value, and 4) Reperfusion rate after 10 min below 80% of the pre-reperfusion value.(lines 546-551)". Please describe success rate after excluding these cases.
Response: As suggested, we have now clarified the success rate after rejecting the surgeries according to the exclusion criteria. “For an experienced and trained surgeon, no animals are excluded due to the operation time. However 10-15% of the animals show a 20% reduction of the blood flow when the CCA is ligated and 5-10% do not have an adequate reduction or increase of the blood flow during occlusion or reperfusion, respectively. Therefore, the success rate after excluding animals according to these criteria is approximately 75-85%“. (lines 445-449). 
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