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Dear Editor, 

Thank you for providing us with the opportunity to submit a revised version of our research article entitled “Endovascular perforation model for subarachnoid hemorrhage combined with Magnetic Resonance Imaging (MRI)”. We have addressed the reviewers’ concerns in an itemized, point-by-point response. 

We are looking forward to hearing from you soon and appreciate your attention. Please contact us at any time should you require additional information. 
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Dr. Ran Xu
Department of Neurosurgery 
Charité University Hospital 
Charitéplatz 1
10117 Berlin 
Germany

Author’s Revision Letter

Title: Endovascular perforation model for subarachnoid hemorrhage combined with Magnetic Resonance Imaging (MRI)

We would like to thank the Editor and reviewers for their thoughtful and constructive suggestions that helped elevate the quality and clarity of the manuscript. Please find in the following itemized point-by-point answers to the reviewers’ concerns. All changes within the revised manuscript are highlighted in red for easier reviewing. 

Editorial comments

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We proofread the manuscript and double-checked for spelling and grammar issues. 

2. Please revise the following lines to avoid previously published work: 46-49, 93-97.

The aforementioned lines were revised accordingly.

3. Please use SI units as much as possible and abbreviate all units: L, mL, µL, cm, kg, etc. Use h, min, s, for hour, minute, second. Include a space between all numbers and the corresponding unit: 50 mg, 100 mL, 37 °C, etc.

The SI units were changed as requested and marked in red. 

4. 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.

All commercial language content was removed in the manuscript.

5. For example, 5% dexpanthenol, Bayer, Germany, Pharmascan 70/16, Bruker, Ettlingen, Germany, Bruker Paravision 5.1 software, Graphpad Software, Version 9.0, etc.

As mentioned before, all content involving commercial language was revised in the manuscript.

6. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Personal pronouns were modified and replaced in the paper.

7. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.

Ethics statement about the mouse care and institution was added in the protocol part: “The experiments were performed in accordance with the guidelines and regulations set forth by Landesamt fuer Gesundheit und Soziales (LaGeSo), Berlin, Germany (G0063/18).”

8. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary.

The numbering of the protocol was corrected according to the above-suggested style. 

9. 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 sentences used to describe the protocol were revised accordingly. We also simplified the protocol with each step now containing not more than 2-3 actions. 

10. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?

Line 116: Please mention how proper anesthetization is confirmed.

We added this sentence to the protocol step: “Test for adequate sedation with a pain stimulus, such as a toe pinch, and verify the absence of a reaction.”

Line 136: What is the suture size?

Suture size was added to the manuscript (5-0 prolene). 

Line 145: Please specify the incision size.

Incision size (half of the diameter of the ECA) was defined in the manuscript. 

Line 163: For survival strategies, discuss post-surgical treatment of animals, including recovery conditions. Discuss maintenance of sterile conditions during survival surgery. Please specify that the animal is not left unattended until it has regained sufficient consciousness to maintain sternal recumbency. Please specify that the animal that has undergone surgery is not returned to the company of other animals until fully recovered.

Thank you for the important point made here. Survival strategies were added to the manuscript. Also, the protocol was adjusted in order to clarify that the operative technique is performed under sterile conditions. Mouse recovery conditions and postoperative care were specified in the manuscript: “Place the mouse in a thermal box until consciousness is regained. Wait until the animals are fully awake and make sure they have regained sufficient consciousness to maintain sternal recumbency. Do not return animals to the company of other mice until fully recovered. Administer 1.2 mg/ml paracetamol to the drinking water for pain relief. Check mice daily after surgery.“

11. Line 175, 179: Please elaborate on the steps for performing MRI. How were the images analyzed? Please include all analysis steps, how the data was retrieved, how was grading and volumetry analysis done, what parameters were used, etc. Please make sure to provide all the details such as “click this”, “select that”, “observe this”, etc. Please mention all the steps that are necessary to execute the action item. Please provide details so a reader may replicate your analysis including instrument settings, inputs, screenshots, etc. Readers of all levels of experience and expertise should be able to follow your protocol.

We added a supplementary figure with a step-by-step guide on the quantification method so the analysis can be easily replicated using freeware (ImageJ). Details are listed in the supplementary figure. If this should be also included as part of the video, we can provide the images as screenshots (they are now embedded in the figures) separately as well. 

12. Line 199: Is A1, A2, etc. the bleeding area? Is d the sum of all bleeding areas? If yes, please specify this for clarity.

A1, A2, etc. corresponds to the the sum of all bleeding areas, d corresponds to the slide thickness – the manuscript was revised accordingly to specify this aspect. 

13. Please include a single line space between all the steps, sub-steps, and notes. 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.

We have highlighted the protocol (in yellow) throughout the manuscript identifying the essential steps for the video. 

14. Please do not number the representative results.

The numbering has been removed from the representative results section. 

15. In the Representative Results please explain results obtained in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. Please discuss all figures in the results section.

The representative results section was revised accordingly, and all the figures with representative results are discussed in the results section.  

16. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
(a) Any modifications and troubleshooting of the technique
(b) Any limitations of the technique
(c) The significance with respect to existing methods
(d) Any future applications of the technique

Limitation and weaknesses are now discussed in the paper according to the above-mentioned structure. 

17. Figure 2: A and B: What do the error bars denote: standard error or standard mean? Please specify in the legends; C: Please include a scale bar for the image; E: What does T2WI stand for? Please mention in the figure legend.

Thank you for this helpful comment. In Figure 2A and 2B, the error bars denote the SEM, and this was specified now in the figure legends. We also added a scale bar to Figure 2C. “T2WI”st ands for T2 weighted image, and this was also clarified in the figure legends. 

18. Figure 3: Please expand all abbreviations used in the figure in the figure legends.

All the abbreviations were expanded in the figure legend of Fig. 3. 


Reviewer #1:

This manuscript covers an important topic related to the endovascular filament perforation model to mimic subarachnoid hemorrhage (SAH) - The strengths of the paper is that combined with magnetic resonance imaging (MRI) 24 hours after operation to ensure correct bleeding site, and the exclusion of other relevant intracranial pathologies. However, the paper could be substantially strengthened by addressing the following concerns.

We would like to thank reviewer #1 for the constructive comments, as well as careful and thorough consideration of our manuscript. We have addressed all the concerns and comments by reviewer #1. Below are our answers to the specific comments: 


1. What is the reason of using ketamine/xylazine rather than isoflurane? Since ketamine has significant effect on the neuronal morphology and synaptic plasticity. How authors are sure about this issue?

Ketamin-Xylazin anesthesia is known to be effective against pain and distress, which makes it very suitable for this model. Although there is data in the literature showing an effect of neuronal morphology and synaptic plasticity, in our experimental groups we always carry out control mice groups (Sham operation and baseline condition without surgery), and the quantified data on neuronal density, neuronal apoptosis and their association with microglia does show a significant impact that could be attributed to the surgery. We use isoflurane anesthesia as an alternative in imaging studies routinely. The ketamine/xylazine anaesthesia, however, has the advantage that it can be used anywhere, including operative rooms where inhalation anaesthesia is not available. 

2. How ICP of mice during procedure was monitored?

We do not routinely monitor the ICP of mice in the procedure. 

3. What is a reason of selecting MRI time point at 24 hours after surgery? While bleeding may accrue at earlier time point?

The postoperative MRI scans were taken 24 hours after the surgery to detect not only subarachnoid hemorrhage and possible hyperacute infarct demarcation but also subacute complications such as hydrocephalus and late infarct demarcation. We emphasized this in the updated version of the manuscript now.

4. How was the sex of mice in this experiment? how many male and female? Age of the mice? Wight?

All the mice be used in the studies are male and the age are 8-12 weeks. The weight was at 25±0.286 g (average +/-s.e.m.).

5. It is important to mention detail of mortality within 48 hours which means that how many at first 6 hours, then it make is easier to correlate this finding with the time point of MRI

Thank you for the point made here. We refined the manuscript accordingly. 

6. Why only 50 mice went under MRI out of 92 mice?

As 12 out of 92 mice died during the first 48 postoperative hours, not all of them could be included in the MRI analyses. Moreover, a total number of 30 mice was examined via MRI at earlier time points to elicit the time dependence to acquire the best depiction of both SAH and early complications that come along with the surgery.

7. Which ANOVA test was used for the statistical analysis?

For the statistical analysis of SAH bleeding grade, the nonparametric one-way ANOVA was used as we made comparisons between multiple groups. This aspect was also added to the manuscript. 

8. How the normal distribution of data was examined? 

The normal distribution of data was examined with the Shapiro Wilk test. 

9. How the variation within each group was examined?

We analyzed the variation with the Brown-Forsythe test, since the Shapiro Wilk test showed that the data are not Gaussian distribution. 

10. Which variables were tested by using ANOVA?

Since the bleeding grade is defined by the volume and thickness in the clinical setting of SAH patients, we only analyzed for one variable which is the bleeding area defined by T2 weighted MRI imaging. 

11. There are 4 grades of SAH , however in the plots only 3 grades are presented?

Analogous to the radiological grades in the literature for aneurysmal SAH patients, in which the bleeding grades ranges between no blood and a range of thickness of SAH blood in imaging studies, we defined grade 0 as “no bleeding” in the MRI. Grade 4 was considered as intracerebral hemorrhage which is characterized and is defined as an exclusion criteria for subsequent analyses referring to SAH pathophysiology. For the sake of completeness, please find below a figure with the bleeding volumes of grade 0-IV:

[image: A screenshot of a computer screen
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12. The grading system for bleeding is based on the anatomical level which means that at the level of ventral hippocampus is grade 4, so it is not the accurate grading, it should be comparison between the animals by the get the sum of the size of bleeding volume at all levels rather than grading.

Thank you for the point made here. We have now also included the quantification of grade 0 and grade IV in Fig. 2. We would like to clarify here that the radiological SAH grades in clinical practice are also based on the slice thickness on imaging studies such as the BNI score and the Fisher score. These SAH grades also correlate with the clinical outcome of SAH patients. Hence, we also aimed at creating a radiological score which graded the operatively induced SAH in their severity and is based on blood clot thickness. The blood volume here was a confirmation that the grades different significantly in bleeding area and were not just arbitrary. We changed the flow and order in the representative results section of the manuscript to strengthen this aspect. 

13. There is no information of histological analysis of brain injury such as MAP2 staining to compare the results of MRI with histological findings as a gold standard.

[bookmark: OLE_LINK1]As our study served to establish a method to grade subarachnoid hemorrhage severity based on MRI scans, we did not include intraparenchymal detection of brain injury markers in the first run. However, we agree with the reviewer entirely - additional histological stainings for brain injury markers are a useful complement to our presented study. We therefore added the notation that future studies will be combined with stainings of brain tissue and the subarachnoid space. As our study served to establish a method to grade subarachnoid hemorrhage severity based on MRI scans, we did not include intraparenchymal detection of brain injury markers in the first run.


Reviewer #2:

In this protocol, Dr. Liu and colleague provide the detail in establishing classical endovascular perforation subarachnoid hemorrhage model and verified by using 7T MRI scan. Generally, the protocol is well written, but a few concerns should be addressed before shooting the video.

We would like to thank reviewer #2 for the thoughtful and helpful comments and careful consideration of this manuscript. Please find below our point-by-point answers to the questions and comments. 


1. In the animal preparation, what is the targeted temperature for "maintain normal body temperature", and for how long? Usually, we keep the mice warm until resuscitation.

The targeted body temperature during the operation ranges between 36,5 – 38 °C and the animals will be kept at least 2 hours postoperatively in a warming cage.

2. In SAH induction, how to prepare the filament? A slightly sharp tip would be helpful for the penetration.

Thanks for the important note here. We added to the manuscript that a slightly beveled tip is advantageous for adequate penetration of the vessel.

3. In Discussion, it would be better if the authors could briefly introduce what to do if the filament fail to forward into cranial.

The discussion section now contains a section about the troubleshooting during filament advancing. Withdrawing of the filament to the arterial trifurcation and adjusting of the head‘s position can be helpful in this case.

4. In MRI scan, is there an algorithm for the blood clot calculation more conveniently for junior researchers?

Thanks for the important remark here. We added a supplemental figure (Suppl. Fig. 1) in which more steps and details are shown on quantifying blood calculation with the freeware ImageJ. 

5. In SAH bleeding grade, what is the criteria to grade SAH thickness into these five classifications? And how did the authors maintain relatively consistent for the blood volume into subarachnoid space for following experiments?

In our study, grade 0 was considered as an event without any bleeding, and grade 4 was considered as intracerebral hemorrhage. We graded these into the five grades based on the following: 
· In the clinical setting, there are numerous studies grading SAH radiologically into different grades (Fisher Score, modified Fisher score and BNI score) [1; 2; 3]. All these three grading systems defined the grades by increasing severity of blood collection with the first grade representing SAH without signs of bleeding.
· For SAH animal studies, there are reports in the literature by Guo et al. [4] and Shishido et al. [5], in which the grading is classified into minimum, moderate, and massive. 
· Hence, similar to the human existing grading scale we also graded our SAH mice into these five categories – with grade I-III being relevant for future studies (similar to the above-mentioned animal studies with categories “minimum, moderate, and massive”. 

A standardized operation technique, puncture depth and filament size are the main means to control the amount of bleeding. Larger filament and deeper puncture depth will make the amount of bleeding greater. However, when dissecting all bleeding volumes 

Reviewer #3:

Reject

We would like to thank Reviewer #3 for the consideration of the manuscript and regret that there they did not offer any insights on how the manuscript could be improved substantially. 


Reviewer #4: 

Manuscript Summary:

This study presented a standardized model for experimental aneurysmal SAH by endovascular perforation, combined with MR imaging 24 hours after surgery to confirm and grade the bleeding and to exclude other relevant intracranial pathologies. And this study established an MRI grading system that enables investigation of the severity of bleeding in experimental SAH without animal sacrifice.

Major weakness:

This study is well written in detail of the SAH model. However, this model is commonly used for many years and the experiences shared in this manuscript (such as adequate positioning of mice, intraoperative nerve protection, appropriate filament puncture depth) are not original and lack novelty. These is no description of the trick to reduce the mortality. Even though MRI is a good way to investigate the severity of bleeding, it is not easily available by most of the labs. The neurological score is a good way to evaluate the severity.

We would like to thank reviewer #4 for their careful consideration of the manuscript and the valuable critique. We absolutely agree with the reviewer that MRI might not always be available in research laboratories and might not always be a feasible method to investigate the severity of the bleeding. The neurological score as well as other investigations regarding secondary brain damage including microglia accumulation, neuronal apoptosis etc. represent still valuable assays to evaluate the further course in operatively induced SAH. However, the MRI still in our eyes is a valuable opportunity to assess for bleeding severeity as well as exclude other pathologies. Based on our data, in which we observed a 10% risk of inducing additional stroke or intracerebral hemorrhage detected by MRI. These are important co-ocurring pathologies that should be excluded from further analyses in order to have clean experimental groups. We have revised the discussion section accordingly:

“…Hence, in an attempt to classify the bleeding severity noninvasively, we added MRI imaging as a follow-up examination to grade SAH radiographically. This also ensured detection of false positive SAH animals and exclusion of other pathologies such as stroke, ICH and/or hydrocephalus. Some studies proposed intracranial pressure (ICP), cerebral perfusion, and blood pressure monitoring as evidence of successful SAH induction which might be additional helpful tools23. Another possible way to grade the severity of SAH and potential intraparenchymal damage is to combine the clinical findings with histological stainings for cell death markers such as p53, TUNEL or caspase-3. (Lee et al, Detection of Apoptosis in the Central Nervous System). Despite the advantages of MRI grading, there is one major drawback of this approach regarding its feasibility: MRI is not as widely available to labs as other methods. This limits the broad introduction of MRI grading systems in experimental SAH. When available, however, MRI provides an excellent tool to verify and quantify SAH extent.”
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