Dear Editor, 
 
We appreciate the constructive feedback from the reviewers and the opportunity to submit a revised manuscript. We have incorporated or addressed all of the recommended changes into a revised version of the manuscript, which we feel is substantially improved. Changes in the manuscript are indicated as xxx. Below we provide point-by-point detailed replies to the reviewers’ comments. We hope this revised manuscript is now suitable for publication. 
 
Thank you for your time and consideration. 
 
Sincerely, 
Kenneth Wengler, PhD, and Guillermo Horga, MD, PhD

--------------------------------------------------------------------------------------------------------------------

General Response:
We thank the reviewers for their time reviewing our manuscript and their helpful and critical feedback. We have noticed that many of the reviewers’ comments, both in this round and the previous round of revisions, has focused on the processing and analysis methods for NM-MRI. The goal of this manuscript was to present a standardized method of acquiring NM-MRI with thorough quality control checks to ensure useable data (rather than to discuss analyses methods in detail that are published elsewhere). NM-MRI has been steadily gaining popularity in the research community and is even gaining significant traction for clinical applications, e.g. in Parkinson’s disease. In order to translate NM-MRI into the clinic and for expanded multi-site studies, it is imperative that a standardized acquisition method is used across sites, and the literature to-date has not addressed this issue. We apologize if our overall goal was not fully clear and have made changes to make this more obvious.
 
A key issue we have with further expanding the manuscript with respect to the processing and analysis methods is that it falls outside the goals of this manuscript and, most importantly, the NM-MRI acquisition protocol that we present can be used for any processing and analysis method, not just the one that we recommend (which was only included at the behest of a reviewer in the previous round of revisions). As such, we would like to avoid adding further details of the processing and analysis approach into this manuscript—all of which have been extensively validated and tested in our previous work (Cassify et al., PNAS 2019; Wengler et al., NeuroImage 2020). We have instead changed the title of the manuscript to “Standardized Data Acquisition for Neuromelanin-sensitive Magnetic Resonance Imaging of the Substantia Nigra,” to better reflect the goal of the paper.



Reviewer #2:
Manuscript Summary:
I have no further comments.




Reviewer #3: 
Manuscript Summary:
Recent years have wittedness an increased number of NM-MRI papers. This technique has also been used in clinical environments to help the diagnosis of Parkinson's disease. However, we don't often see how the NM volume is placed or how the image quality is checked in published work. Therefore, I appreciate the authors' effort that may lead to better NM-MRI practice. I only have minor comments on the NM-MRI acquisition, but I would like to read more about the preprocessing and ROI analysis.
 
Major Concerns:
1. Page 9, paragraph 2: Regarding the preprocessing of NM images, could the authors show the quality of coregistration and normalization as figures? Previous studies often measured NM signals on the individual space. It's unclear whether SPM preprocessing works with NM images. It's worth sharing the knowledge.

Response: We appreciate the reviewer pointing this out. Much of our work has indeed been dedicated to the development of the preprocessing pipeline. The pipeline for preprocessing NM-MRI images was extensively tested in our previous work (Wengler et al., NeuroImage, 2020) and was shown to shown to provide excellent test-retest reliability. It is also worth mentioning that multiple recent studies have also used similar voxelwise approaches in MNI space using similar preprocessing pipelines (Cassidy et al., PNAS, 2019; Biondetti et al., Brain, 2020; Sung et al., Human Brain Mapping, 2021; Cassidy et al., AJP, 2021; van der Pluijm et al., JMRI, 2021; Wengler et al., NPP, 2021; Wengler et al., JMRI 2021). The corresponding citations are given in the revised manuscript on page 7.

Furthermore, several previous studies have used similar preprocessing pipelines12,31,34-37.


Minor Concerns:
2. Page 4, paragraph 1: The authors claim that NM accumulates linearly with age. This claim is inconsistent with recent research on the age effect on NM signals (e.g., Xing et al. 2018, Movement Disorders). I suggest leaving 'linearly' out.

Response: We thank the reviewer for catching this as there does appear to be a nonlinear accumulation, especially in older age (potentially due to neurodegeneration). We have modified this sentence in the revised manuscript accordingly.

It first appears in humans around 2–3 years of age and accumulates with age1,4,5.

3. Page 4, paragraph 3: The first sentence, "in the SN, NM-MRI can investigate two aspects…", is somewhat misleading. Nm-MRI measures the structural integrity of the SN, but it can not provide a direct measurement of function (e.g., the role of dopamine in reinforcement learning) and cell loss (e.g., counting the number of neurons).

Response:  We thank the reviewer for pointing this out as the sentence was a bit misleading. We have revised this statement to more clearly reflect the results in the literature which has shown the NM-MRI contrast in the SN to (1) correlate with the density of neuromelanin-containing neurons in the SN (Kitao et al., Neuroradiology, 2013) and (2) correlate with dopamine-release capacity in the associative striatum (Cassidy et al., PNAS, 2019).

In the SN, NM-MRI can provide a marker of dopaminergic cell loss11 and indirectly dopamine system function12.

 
4. Page 5, paragraph 2: The authors claim that the protocol has been used in several studies. It would be helpful to cite these studies.

Response: We apologize for this oversight. This statement was revised to include the citations and changed to ‘multiple’ instead of ‘several’ since some studies have not yet been published. 

The protocol outlined in this paper has been utilized in multiple studies30,31 and was extensively tested.

 
5. Page 5, paragraph 3: Was it a GE 3T scanner? How long does it take to complete the NM scan with current parameters?

Response: We apologize for forgetting to include this information. Yes, it was a 3T GE scanner and the total acquisition time for the NM-MRI scan was 10 min 4 s. The total acquisition time has been added for both the T1w and NM-MRI sequences. Additional details regarding the MRI scanner are now in the Table of Materials.

T1w: total acquisition time = 6 min 39 s.
NM-MRI: total acquisition time = 10 min 4 s.
6. Page 6, 1.1: The images were acquired on a GE scanner, but the reformatting has to be done with Siemens or Philips packages? I don't think many institutions have multiple scanners of different producers. Is there a solution with GE or open-source packages?

Response: We apologize for the confusion. This protocol is not specific to any one MRI vendor. Acquisition and reformatting are both done on the same console, examples for the on-console software were given for both Siemens and Philips, this info has been added for GE.

2.1.1.	Carry out online reformatting using the vendor-provided software (e.g., if acquiring data on a GE scanner: MultiPlanar Reconstruction in Planning; if acquiring data on a Siemens scanner: MPR in the 3D Task Card; if acquiring data on a Philips scanner: MPR in the Render Mode of the VolumeView Package).


7. Page 7, 2.1: In Figure 2, the SN is better identified on slices 16-19. Maybe the authors should place red arrows on these slices?

Response: We agree with the reviewer that the SN is better identified on slices 16–19, but the purpose of Figure 2 is to demonstrate the failure of the quality control check detailed in step 3.1 of the protocol (“Ensure that the acquired NM-MRI images cover the entire SN and that the SN is visible in the central images but not in the most superior or most inferior images of the NM-MRI volume.”), not to identify out the SN. The red arrow is to denote that the SN is present in the top slice (slice 20); orange arrows have been added to slices 15–19 to denote its location in the other slices.


8. Page 9, paragraph 3: Could the authors recommend an SN template? Speaking from my own experience, SPM extensions such as PickAtlas does not provide a good template of SN, and FreeSurfer subcortical atlas has 'brain-stem' as a whole.

Response: The SN template can either be taken from the literature (e.g., Cassidy et al. PNAS, 2019) or can be hand-drawn on the average NM-MRI image in MNI space across all subjects in the study. The manuscript has been updated for clarity.

Unlike some other analysis methods which define the SN ROI as the hyperintense region in a NM-MRI image, our recommended method uses pre-defined template ROIs that can be obtained from the literature12 or drawn on the average of NM-MRI images in MNI space across all subjects in the study (using a study-specific template).









Reviewer #4:
Manuscript Summary:
This is my first revision of a manuscript that has been previously reviewed by two other anonymous reviewers. Therefore, in addition to the manuscript, I have also read the author's rebuttal letter, which has resolved some of my initial doubts. In my opinion, the authors have satisfactorily addressed those original concerns. Likewise, the manuscript is well-written, as well as well-suited and of interest for the journal. However, I have some additional comments that the authors may want to address in a re-revised version of the manuscript.
 
Major Concerns:
1. Firstly, the authors describe NM contrast as related to the paramagnetic properties of NM, both in isolation or when bound to metals. Although such T1 shortening effects may suffice to explain the bases of NM contrast in SE images, the authors used a GRE sequence with a MT pulse. In this case, in the introduction section, I think the authors should expand their explanation on the bases of the NM signal by discussing MT contrast as the result of the interaction between macromolecular-bound water protons and surrounding free water protons, and how this contrast originates from the selective saturation of macromolecular protons by MT pulses.

Response: We thank the reviewer for pointing this out and apologize for not including greater detail regarding the NM-MRI contrast mechanism. This section has been expanded to include a more detailed description of the MT contrast mechanism believed to drive the NM-MRI signal.

MRI scans that can visualize NM are known as NM-sensitive MRI (NM-MRI) and use either direct or indirect magnetization transfer effects to provide contrast between regions with high NM concentration (e.g., the SN) and the surrounding white matter8,9. Magnetization transfer contrast is the result of the interaction between macromolecular-bound water protons (which are saturated by the magnetization transfer pulses) and the surrounding free water protons. In NM-MRI, it is believed that the paramagnetic nature of NM-iron complexes shortens the T1 of the surrounding free water protons resulting in reduced magnetization-transfer effects so that regions with higher NM concentration appear hyperintense on NM-MRI scans10.  Conversely, the white matter surrounding the SN has a high macromolecular content resulting in large magnetization-transfer effects so the these regions appear hypointense on NM-MRI scans, thus providing high contrast between the SN and surrounding white matter.


2. In the protocol description, please add total acquisition time for each sequence.

Response: We apologize for forgetting to include this information. The total acquisition time for the T1w sequence was 6 min 39 s and for the NM-MRI scan was 10 min 4 s. The total acquisition time has been added for both the T1w and NM-MRI sequences. 

T1w: total acquisition time = 6 min 39 s.
NM-MRI: total acquisition time = 10 min 4 s.


3. I agree with one of the previous reviewers in that the artifact depicted in Figure 3c is quite difficult to notice. Since in this image there are no other apparent signals of acquisition problems (e.g., movement lines, as in Figure 3b) I doubt if re-scanning is needed in this case, since this will, after all, increase acquisition time and therefore increase the likelihood of movement.

Response: We agree that re-acquiring these data are most likely not needed but it is suggested in the event that it was from acquisition problems (e.g., movement lines, as in Figure 3b). Furthermore, if re-acquiring was not necessary, and the re-acquired image has motion artifacts then it would be excluded anyways so there is no practical risk of increased likelihood of movement unless it was necessary to re-acquire the image in the first place. In this case, the experimenter is replacing bad quality data with (potentially) bad quality data, at the cost of increased scan time, but with the potential benefit of getting usable data.


4. The authors recommend realigning the different volumes if averages have been acquired separately. Realign is a function thought for functional time series, and I think here it will be better to co-register the different averages. It should produce similar results, since both algorithms are based on rigid-body transformations.

Response: We thank the reviewer for pointing this out and they are correct that both are rigid-body transformations. While the reviewer is correct that ‘Realign’ is typically used for functional time series, the appropriate application of this algorithm is for images with the same contrast (like we have here since all are NM-MRI images). Also, the NM-MRI data acquired here can also be thought of as time series, just with much longer separation (typically ~2 min for NM-MRI but ~2 s for fMRI). 


5. Also regarding preprocessing, I think steps 3 and 4 should by swapped. I think the logic order is first to co-register T1 and NM images in native space, then normalizing the T1 sequence, and, finally, use this normalization parameters for the co-registered NM sequence.

Response: The current order reflects the steps that the reviewer suggests. The NM-MRI are co-registered to the T1 in T1 native space (not MNI space). This section has been updated for clarity. 

(4) coregistration of the NM-MRI image to the T1w (in native space) image using ‘antsRegistrationSyN.sh’ (rigid);


6. What is the rationale for using a 1mm FWHM smoothing kernel?

Response: Based on previous work (Wengler et al. NeuroImage, 2020), we systematically compared different smoothing kernels and found 1 mm FWHM smoothing kernel to provide the best tradeoff between CNR and ICC.


7. What SN template do the authors suggest for the analysis part?

Response: The SN template can either be taken from the literature (e.g., Cassidy et al. PNAS, 2019) or can be drawn on the average NM-MRI image in MNI space across all subjects in the study. The manuscript has been updated for clarity.

Unlike some other analysis methods which define the SN ROI as the hyperintense region in a NM-MRI image, our recommended method uses pre-defined template ROIs that can be obtained from the literature12 or drawn on the average of NM-MRI images in MNI space across all subjects in the study (using a study-specific template).


8. How is the reference white matter region defined? How do the authors ensure to avoid including any SN voxel in this reference region? Should the values of this reference region be always averaged and SN values (average or voxel-wise values) compared with this average value? How do the authors suggest to do this comparison if a voxel-wise analysis is preferred? Should each SN be contrasted with an ipsilateral reference region? Does this reference region span a similar number of slices in the rostral-caudal axis (there might be subtle intensity changes across slices acquired at different rostral-caudal levels)? If the reference region only covers a fraction of the SN cluster, this may result in false positive or false negative results.

Response: The reference white matter region (Crus Cerberus; CC) is defined by hand drawing the region surrounding the SN on an average NM-MRI image in MNI space. To overcome the potential issues described by the reviewer, we do not use the average value within the CC (which would be sensitive to including SN edge-voxels or other non-CC voxels as well as the rostral-caudal gradient in the GRE-MT signal) but instead use the mode of the kernel distribution of the CC values. Our previous work showed this method to be the most robust option.
