Editorial comments:

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.

We have proofread the manuscript and made amendments as required.

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. 

The links to the editorial policy of previous publication has now been uploaded.

3. Figure 3 and 4: The bottom half of the error bar is obscured by the filled in chart.

Thank you, we have changed the bar charts in Figure 3 and 4 as suggested by the Editorial Reviewer. 

4. Please do not abbreviate journal titles.

This has been amended.

Reviewers' comments:

We thank the reviewers for their useful comments. We have attempted to address all their queries and have amended this within the manuscript (track changes) and also detailed a response to each individual comment below. We hope that this has strengthened the paper.

Reviewer #1: 

1) What is the mechanism of the IOP elevation in this model? External globe compression alone cannot account for persistent IOP elevation over weeks, as aqueous humor dynamics should eventually lead to re-equilibration of IOP. Most likely there is an effect of compressing the episcleral outflow system in the eye, leading to reduced trabecular outflow. It is interesting to note, however that the authors specifically discourage the investigator from placing suture over large episcleral veins, and instead suggest the suture be placed underneath the veins. Has the mechanism of IOP elevation been investigated? More information is needed here.
[bookmark: _GoBack]
We thank the reviewer for this comment. To incorporate this suggestion, the following paragraph has been added to the Discussion (Page 9):

[bookmark: _Hlk515227554]Although the mechanism by which the suture procedure raises IOP is not completely understood, obstruction of aqueous outflow is the likely cause after ruling out several other factors. From previous studies, we have shown that the circumlimbal suture does not significantly alter anterior chamber depth or iridocorneal angle in both rats (Liu et al 2015) and mice (Zhao et al 2017) and is therefore not a model of angle closure glaucoma. Additionally, as pupillary dilation and pupil size were not altered, the clarity of the optical media was preserved, and no frank inflammatory changes was observed with anterior chamber OCT or with retinal cross sections, we do not believe that intraocular pressure elevation arises through an inflammatory mechanism. Finally, our finding that IOP could be rapidly normalized after removal of the circumlimbal suture suggests that remodelling of the trabecular meshwork as a result of inflammation would be an unlikely cause of the IOP elevation (Liu et al 2017, Zhao et al 2017). Thus it is likely that IOP elevation arises from aqueous outflow obstruction, either via compression of Schlemm’s canal or the episcleral veins. Further investigation are underway to determine the precise cause of aqueous outflow obstruction induced by this model.

2) The authors need to include more information on success rates and the need to censor animals - beyond the note at the end of the discussion at success rate is only 50% when starting out and only 70-80% under best circumstances. At what rates do animals need to be excluded for different reasons such as scleral perforation, inadequate IOP elevation, and excessive IOP elevation? Given the presence of a foreign body for several weeks, do any animals acquire infections?

For have added more information regarding the success rate of the procedure, as follows :

[bookmark: _Hlk515345468]Although the aforementioned evidence supports the usefulness of this model, every effort should be made to minimize the transient IOP spike. The following may assist with model induction. First, the most common problem encountered is that IOP can return to normal a few days after suture application. The probable cause is that the suture knot gradually loosens over time. To troubleshoot, ensure the first (slip) knot is securely fastened before tying the second knot. This can be achieved by continuously maintaining tension on one end of the slip knot (arrow in Figure 1A) until the second knot is tied. The second most common issue is hyphema which can occur in the first few hours after suturing. In our experience, this was commonly associated with an excessively high IOP spike (usually ≥ 80 mmHg in rats and mice) or perforation of the eye when weaving the suture. Other complications of the procedure include cataract (usually reversible) in the short term, and loss of the suture in the long term due to suture slippage or tearing of the conjunctiva. We have not noted the development of any ocular surface infections in any cohort of rats or mice. For novices to microscopic surgery, some practice is required to master circumlimbal suture application. We have reported an initial success rate of 50% in our first cohort of mice (40 out of 81 mice).16 In our experience, this improves to 70 – 80% with practice. In a subsequent cohort of 60 mice, we found a total success rate of 70%, with hyphema (13%) and suture loss (17%) accounting for the 30% failure rate. In a cohort of 20 rats, we find a higher success rate (90%) than in mice, with only 2 rats being excluded due to hyphema (10%), and no animals were excluded due to suture loss. Perforation during surgery are rare occurrences in both rat and mouse models (~1%).  
[bookmark: _Hlk515234033]

3) The authors should provide data on range of IOP to permit sample size calculations, which will also need to take into account success rate of inducing the model. Examples of sample sizes should be included. Figure 2 should include standard deviation of IOP on error bars rather than standard error of the mean, since the purpose of these graphs is descriptive of the technique and not in representing an experimental sample. A better way to depict the data for a reader interested in using this model would be a scatter plot with individual animal data points included.

We thank the reviewer for this suggestion. We have changed Figure 2 to a scatter plot of individual data points along with the group average ± SD. 


4) The authors need more precise details regarding their materials. The sutures specifically need catalog numbers in the table at the end of the manuscript. The authors specify in the text that the suture should be nylon, but this also needs to be included in the table. There also is a question regarding the suture needle specified in the table - this needle is noted to be "used with 3-0 suture" and is 15mm long. Please check this - specific characteristics of the needle type (shape, size, cutting surface, length) with catalog number should be provided for both the 7-0 nylon and 10-0 nylon sutures (and they are likely not the same for both sizes of suture).

Thank you for your suggestion. Detail in the material list have been updated. The line with “3-0 suture” has been deleted.

5) Given that early spikes in IOP occur and IOP is the main outcome being tested, I was surprised that the main protocol did not specify that slip knot suture tension should be titrated to IOP prior to tying the second knot - though I see that this is recommended as a "technical tip" in line 279. Please consider making this part of the specified procedure.

We agreed with the reviewer. We have moved this “technical tip” into the main text of the protocol. Step 3.6 has been amended to the following: 
[bookmark: _Hlk515014206]Fasten the purse-string suture by tying a slipknot followed by a second simple knot (Figure 1). To avoid an excessively high post-surgical IOP spike, have an assistant measure the IOP immediately before fastening the second knot. If the IOP is found to be too high, adjust the slip knot by partially releasing the tension on one end of the suture (arrow in Figure 1A). After the desired IOP is achieved (ideally 30 – 60 mmHg in rats or 30 – 40 mmHg in mice), the suture will be continuously pulled to maintain the force, and then the second knot will be tied. After the second knot has been tightened, the ends of the suture should be trimmed to minimize any foreign body sensation. After several weeks it is usually noted that the ends of the suture become embedded in the conjunctiva.  Allow the animal to recover from general anesthesia.


6) I would recommend including detailed instructions on tying a slip knot, as non-surgeons may be unfamiliar with this.

We thank the reviewer and agree that experimenters lacking surgical experience may require additional instruction in the tying of the slip knot. We believe that this technique can be better demonstrated by video rather than with instruction in the body of the text. 

7) The IOP spike is a concerning issue, despite the electrophysiology and OCT data provided in the discussion (which are rather low-sensitivity methods to look for effects of a transient IOP spike). What is the range IOP in early spikes? How long do IOP spikes last? ("several hours" - line 247 - is nonspecific and an IOP of 80 for several hours would undoubtedly produce many off-target ischemic effects that would likely necessitate exclusion of the animal) How many animals have an IOP spike? Do histologic photoreceptor counts change in animals that have an IOP spike?

The individual IOPs are now given in the revised Figure 2, which shows that transient IOP spikes occurs in all rats and majority of the mice. 

The following results in rats18 and mice16 have been previously reported and are summarized here. The circumlimbal suture produced a similar pattern of IOP elevation in rats and mice (Figure 2). A brief IOP spike, up to 58.1 ± 2.7 mmHg in rats and 38.7 ± 2.2 mmHg in mice, was found immediately after the suture procedure. In rats IOP magnitude gradually reduced over time to be  44 ± 6 mmHg and 32 ± 2 mm Hg, at 3  and 24 hours respectively15. After this initial IOP spike IOP remained relatively stable for several weeks. Over the experimental period, IOP in the ocular hypertensive (OHT) eyes remained elevated by ~ 9 mmHg for 8 weeks in rats, and by ~ 5 mmHg for 12 weeks in mice. 

We have also make reference to our observation that outer retinal cell counts were unaltered.
 
Consistent with inner retinal dysfunction, a selective loss of cell density in the RGC layer was also evident in the cross-sections of OHT retina (Figure 4A – C). In contrast, cell numbers in the outer and inner nuclear layers remain unaltered, suggesting that off-target ischemic effects are minimal.

We therefore believe that by controlling the post-surgical IOP spike the model provides a means to study chronic IOP effects outcomes. However we agree that animals with very high IOP spike may need to be excluded. 

8) Given the information provided about IOP spikes, it would seem prudent to visually monitor retinal perfusion after the suture is tied off.

Thank you for this suggestion. The following has been added to the discussion section:
The circumlimbal suture has several limitations. One obvious concern is the initial IOP spike that occurs during the application of the suture, which gradually reduces over several hours. Indeed, an excessive IOP spike has the potential to induce ischemic-reperfusion injury, which is not typical of chronic open angle glaucoma. In this regard it is prudent to post surgically confirm normal retinal perfusion using ophthalmoscopy or OCT angiography. 


9) I recommend not listing ERG, OCT, or histology as required steps of the protocol (as in lines 153-163) as they are not required and this protocol does not provide any information on how to carry this out, but only refers to other protocols.

Thank you for this suggestion. We agree that the outcome measures may differ depending on what aspect of glaucoma pathophysiology is to be investigated. Therefore, the ERG, OCT and histology will not be included in the video protocol. In addition we have amended the title of this section as  follows. 

5. The following methods can be used to assay retinal structure and function, and were used to obtain the representative results that follow

10) Line 276 - it is unclear to me how an IOP spike to > 80mmHg would cause a hyphema. Hypotony could cause reflux from the collector system back into the anterior chamber, but very high IOP should not cause reflux. If there is true bleeding in the anterior chamber, it seems most likely that it would be due to ocular penetration with the suture needle.

Thank you for this comment. We acknowledge that raised IOP is unlikely to cause a hyphema, and that the hyphema is likely to be associated with perforation of the sclera, however we did observe the IOP to be very high in animals with hyphema. The text has been amended to the following:

The second most common issue is hyphema which can occur in the first few hours after suturing. In our experience, this was commonly associated with an excessively high IOP spike (usually ≥ 80 mmHg in rats and mice) or perforation of the eye when weaving the suture.

11) Why is a different duration of experiment recommended for mice and rats (i.e. in the abstract)?

The duration mentioned reflects the examples that have been given in the document, referencing our previously published manuscripts (Zhao et al 2017; van Koeverden et al 2018). This is not restrictive however and different durations of IOP elevation could be used. The text in step 5 of the main protocol has been amended to reflect this:

5.1)	At the desired experimental end point (in this case after 8 weeks in rats and 12 weeks in mice), under general anesthesia using intraperitoneal injection with ketamine/xylazine we measured retinal function with the dark-adapted electroretinogram (ERG) as described in greater detail elsewhere.15-17 
Note: We have found robust ganglion cell dysfunction, retinal nerve fibre layer thinning and ganglion cell loss for durations between 8-12 weeks. Others have successfully employed longer periods of IOP elevation14,15. 

12) The IOP measurement section states that a double beep from the rebound tonometer indicates "the probe was either too far or two close to the cornea surface". This is an oversimplication - a double beep indicates an error, and there are many reasons for errors in addition to the two suggested by the authors, including the probe being held too vertically (either tip up or tip down) with regard to the gravity horizon. The authors should instead refer to the error codes listed in the tonometer instructions.

Thank you for this suggestion. The text in section 1.3 has been amended to the following: 1.3)
1.3)	Wait a few seconds for the rat to calm and press the measurement button once. Observe the tip of the IOP probe gently hit the corneal apex once; and hear the rebound tonometer beep once. 
Note: A single beep of the tonometer confirms successful measurement, which can be read from the LCD screen. A double beep indicates a measurement error. Measurement errors can arise from factors such as inappropriate working distance between the probe and the cornea, an excessive tilt in the orientation of the tonometer, or the probe striking the eyelid or a non-central part of the cornea. Refer to the rebound tonometer manual from the manufacturer for further detail regarding measurement errors.

The text in section 2.4 has been amended to the following:
2.4)	Wait for the mouse to calm and press the measurement button once. Observe the tip of the IOP probe gently hit the corneal apex; with a single beep confirming successful measurement. 
Note: A double beep indicates a measurement error. It may help to have a second experimenter read and document the IOP readings whilst the first experimenter takes the measurements.

13) Line 133 - rinsing the ocular surface with normal saline will not "disinfect" it. Either disinfect with something like betadine, or specify that the ocular surface is being rinsed or cleaned, but not necessarily disinfected.

Thank you for this suggestion. The word “disinfect” has been amended to “clean”.

Reviewer #2: 
Manuscript Summary:
In this manuscript, He and colleagues describe step-by-step the technique of circumlimbal suture as a means for elevating intraocular pressure in rodents, inducing experimental glaucoma. The authors described the methodology in two rodents: rats and mice. This techniques requires some expertise, as with any micro-surgery. However, it is efficient and reproducible.

Major Concerns:
The authors mentioned there is not inflammation associated to the technique and that immune privilege is preserved. This was not addressed in the publication.

Thank you for raising this issue. In previous work using the circumlimbal suture, we found that Iba-1 expression in the retina was not upregulated after chronic IOP elevation. Additionally, the surgery does not breach the anatomical structures that contribute to the immune privilege of the eye. The presence of other inflammatory markers or cells in the anterior chamber with the use of this model has not yet been quantified and would be useful in the future. The text has been amended to the following (line 258):

One reason for this is that by avoiding paracentesis, the circumlimbal suture method aims to preserve the immune privilege of the eye and therefore minimize trauma-related inflammation and cataract. A previous study employing this technique, found that Iba-1 expression, a marker for inflammation, was not upregulated in the retina15, however the presence of other inflammatory markers or anterior chamber inflammation have not yet been quantified in this model. Another advantage is that the IOP elevation can be reversed by suture removal, which is a simple procedure that can be done under light sedation and topical anesthesia14,15. This renders the circumlimbal suture a unique model for investigating the potential reversibility of ganglion cell injury in glaucoma24. 

Minor Concerns:
All looks good, well-written

Reviewer #3: 
Manuscript Summary:
The authors present a well written protocol to perform a novel approach to inducing ocular hypertension in rats/mice. I have a few minor comments only below that ought to be addressed.

Major Concerns:
None

Minor Concerns:
1. Line 95-96. It would be useful to add a reference to highlight the nature of diurnal IOP fluctuations in rodents at this point eg. PMID: 10798653.

The suggested reference has been added.

2. Line 159. It would be helpful for the ready to have recommendations for antibodies appropriate for whole mount analysis of rat retina for RGC assays eg. Brn3a, Isl1 etc

Thank you for this recommendation. The text has been amended to the following:
5.3)	At the end of the longitudinal study, euthanize the animals under deep anesthesia. Dissect the retina for histology18, for example immunostaining of whole-mount retina using a retinal ganglion cell (RGC) specific antibody such as RNA-binding protein with multiple splicing antibody (RBPMS) or brain-specific homeobox/POU domain protein 3A (Brn3a).16,19,22 

3. Line 246. The authors ought to comment on the possibility that circumlimbal sutures will likely compress episcleral venous outflow and lead to an increase in eVP with secondary congestion which is likely a contributory mechanism to the IOP elevation, which is not found in human open angle glaucoma.

Thank you for this comment. Please see our response to reviewer one, point 1. 


