Reviewer #1: 
Manuscript Summary:
In this manuscript the authors present a scaled up version of the typical cisterna magna injection of tracer to the CSF system in order to study the glymphatic system. The level of detail provided in the protocol is sufficient for someone well-versed in large animal surgical techniques to follow and complete the procedure. The authors present only the surgical techniques with the post-mortem analysis methods left up to the reader.

Minor Concerns:
In the methods describing creation of the cannula the authors introduce an air-bubble to separate saline and tracer but they do not state what the purpose of this air bubble is. Could not the whole syringe cannula system be filled with tracer and only 500 uL injected? If the air bubble is used to denote when to stop injecting I would question how one can see that the air bubble has reached the tip of the implanted cannula as it is obscured under dental cement. Also, would it be a problem if a small volume of air is injected into the cisterna magna? Perhaps these are addressed in the video but the purpose/use of the air bubble is not mentioned anywhere in the manuscript.
We thank the reviewer for the opportunity to clarify these points. The air bubble is indeed used to denote when to stop injecting the tracer. The reviewers observation is correct in that the dental cement conceals the final millimeters of the cannula. Thus when injecting we do so until tracer is visible 1-2mm above where the cannula becomes concealed by the dental cement. To clarify that no air is injected, we have added this as a NOTE in the manuscript:

“NOTE: If injecting by hand this should be done until tracer is just still visible in cannula shaft, approximately 1-2mm above where dental cement is covering the shaft.” 


In the discussion, the authors make note of several limitations of this scaled up version as compared to the typical rodent procedure including the cost of the procedure as well as the extended operating and tracer circulation time. Another factor that may be of interest to someone attempting to use this technique in their study is the approximate time required to extract the brain from the skull after euthanasia and the implications of that time delay. In Ma et al. (https://doi.org/10.1007/s00401-018-1916-x) it was reported that in mice there was a rapid movement of tracer from the paravascular space into brain parenchyma after euthanasia. In rodents the brain can be extracted from the skull within minutes, possibly even under a minute, and placed into fixative to mitigate this movement or alternatively the rodent could be transcardially perfused with fixative prior to removing the brain. Presumably it takes a substantially longer time to extract the pig brain, during which time the phenomenon described by Ma et al. would be taking place and potentially confounding results. So it would be good to know whether the authors feel that this is a limitation which should be recognized and, if so, how it can be mitigated or addressed.
We thank the reviewer for bringing this to our attention. The time needed for brain extraction in pigs is indeed another challenge for this technique. It goes without saying that the brain should be extracted and fixed as quickly as possible to avoid the artifacts described by Ma et al., however this minimum time of extraction is significantly longer than in small rodents which is difficult to reduce in thick skulled pigs. However if all brains are extracted over similar time periods this could minimize data variability based on Ma et al. findings. We would not encourage transcardial perfusion fixation both because it is not so feasible in the pigs and more so because of the consequence of PVS collapse as described in Mestre et al, 2018 (PMID: 30451853). We have added a section in the discussion to address some of these points:

”An additional time-related challenge is the time taken for brain extraction after tracer circulation. Previous reports have shown that some movement of tracer through PVS persists after euthanasia21. This makes it important to extract brains as quickly as possible to minimize confounding effects from this phenomenon. While mouse brain extraction only amounts to a few minutes pig brain extractions take approximately 15-20 minutes. Needless to say that the brain should be removed as quickly as possible to limit this effect but with the thickness and architecture of the pig skull it is difficult to reduce current extraction times.”

  
Secondly, several studies in the glymphatic literature indicate that anesthesia affects the glymphatic system with significant differences in effects based on the anesthetic used. In this method, the animal is fully anesthetized throughout the whole protocol including during tracer circulation. Future researchers attempting to utilize this approach would probably like to perform some sort of experimental treatment in order to answer their question that would require either an awake behaving animal or at least to not have the confounds associated with the glymphatic system and anesthesia. This is probably out of the scope of this paper as its primarily a demonstration of methods (which it did well!) but I'd be curious to know how the authors foresee addressing this issue or adapting their protocol to accommodate future experimental needs.
We thank the reviewer for raising these points. We have added a some points concerning future expansion of this work and how it could be possible to achieve experiments in an awake animal.

“Future studies are needed to explore the translation of the glymphatic physiological drivers identified in mice as well as glymphatic function in awake or naturally sleeping swine absent the impact of anaesthetics22, 23. In order to investigate the natural sleep or awake state, it will be necessary to adapt the current protocol such that tracer can be delivered via less invasive means whilst still maintaining a high success rate. This could potentially be achieved by carrying out CM injections under computed tomography fluoroscopy which has been previously utilized for lumbar puncture in pigs24”


Reviewer #2: 
Manuscript Summary:
Bechet et al., illustrated direct cannula implantation method in the cisterna magna of pigs to study glymphatic clearance.
Although cisterna magna cannulation has been often carried out in rodents, understanding the glymphatic system in higher mammals is essential for its translation to humans. The authors should consider adding following information.

Major Concerns:
1) This reviewer would suggest the authors to provide justification to use pigs as higher mammals to study glymphatic clearance. How closely do the pigs resemble the human compared to rodents in terms of neuroanatomical structures?
[bookmark: _GoBack]We thank the reviewer for raising this question. Overall the main takeaway is that the pig brain is more similar to humans than that of a rat or mouse as there are indeed several differences between pig brains versus humans and other primates. However, apart from overall brain size, a fundamental neuroanatomical similarity of importance for us and the glymphatic field when comparing pig and human brains is the presence of sulci and gyri as opposed to the smooth surfaced lissencephalic rodent brain. We hypothesize that the folded cortical architecture differentially impacts overall CSF distribution as compared to lissencephalic brains and this is why it is important to study the glymphatic system at high resolution in a gyrencephalic brain. In terms of other similarities pre and post-natal CNS development between humans and pigs is highly similar (Dickerson & Dobbing, 1967, PMID: 24796035; Lind et al, 2007, PMID: 17445892) and the topology of the hippocampus points to a level of encephalization between rodents and primates (Holm & West, 1994, PMID: 8061750). Additionally although far less complex than the human brain pigs possess approximately 430 million (Jesling at al, 2006, PMID: 16574805)  neocortical neurons versus 21 million in rats (Korbo et al, 1993, PMID: 8508308). 
To address this we have added more information to the introduction:

“Pig and human brains differ substantially from rodents in that they are gyrencephalic, possessing a folded neuroarchitecture, while rodent brains are lissencephalic.  In terms of overall size pig brains are also more comparable to humans being 10-15 times smaller than the human brain while mouse brains are 3000 times smaller.”


2) Direct cannula implantation would potentially cause damage in brain. Can the authors describe how deep they insert the cannula below the dura in 3. Cannulation & Injection? How do the authors ensure that brains are intact during this procedure?
We thank the reviewer for raising these points. Concerning absolute depth we introduce the cannula 3-5mm into the CM, however this depth may vary based on individual variation and size of the animal used. The best metric to gauge successful cannulation is by stopping cannula insertion immediately after feeling the piercing of the dura and waiting for visual confirmation of pulsatile, clear CSF in the cannula. If this is observed the cannula has been correctly introduced to a suitable depth for injection of tracers. To address this we have added an additional NOTE in the methods section:

“NOTE: It is important not to insert the cannula too deep as this can cause damage to the brain. Knowing how far to insert the cannula comes with experience in understanding how it feels when the cannula pierces the dura. Essentially just as the dura has been pierced the cannula is then deep enough for successful tracer injection. This depth is approximately 3-5mm but will differ based on the size or age of the animal.  Successful cannulation should be immediately evident through the visualization of clear, pulsatile CSF ascending the cannula. For the best outcome it is recommended to practice several cannulations beforehand in euthanized animals to get one’s own understanding of dural piercing.”


