Editorial comments

E1

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

Grammar and spelling errors have been corrected to the best of our abilities.

E2

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

Personal pronouns have been removed.

E3

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.
For example: MEDIS Suite image analysis software, Mathematica 12.0, PC-SAM, etc.

Commercial software names have been removed from the protocol. The only software name in the protocol is that of our own application. The company names of the software used, are still cited in the Table of Materials.

E4

Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

Where possible, the sentence is changed to imperative tense. For text where this was not possible, the information is added as a note as they did not fit in the discussion.

The text has been revised with the following sentence to indicate the necessity of a fume removal tube in the scanner area to remove excess isoflurane. 

“Make sure the scanner area is equipped with a working fume extraction tube to remove excess isoflurane.”

The text has been revised with the following sentence to indicate the use of a fume hood extraction arm during the induction of the animal.

“Place the mouse in an anesthesia induction chamber under a fume hood extraction arm and provide 3-4 % isoflurane in a mixture of 0.2 L/min O2 and 0.2 L/min medical air.” 

E5

The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.

The protocol has been revised to only contain only action items and notes that cannot be written in the imperative tense. These notes contain small points the reader must keep in mind while executing this protocol. We did not move these notes to the discussion, as doing so would drastically alter the structure of the discussion. Any remaining discussion about the protocol has been moved to the discussion section of the manuscript. 

E6

Please include a one-line space between each protocol step and then 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.

A one-line space has been added between each protocol step, sub-step, and notes. The highlighted steps are together no more than 3 pages.

E7

When giving a reference in the text, ensure that the corresponding number from the reference list appears superscripted without a space after the word/group of words it applies to but before any punctuation (in the case of et al., place the superscripted number after et al. but before other punctuation).

All reference numbers are now before punctuation.

E8

Please do not use the &-sign or the word “and” when listing authors in the reference section. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

Titles have been edited to appear exactly as they were published, abbreviations in titles only remained if that is how they appeared in the original work. The & -symbol as well as ‘and’ have been removed from the list of authors. Journal names are written out without abbreviations and are italicized.

E9

Figure 5: Please revise the y-axis unit of figure 5A to “µL” instead of “µl”.

The y-axis unit, as well as the legend of figure 5A, are revised. 



Reviewer #1

Manuscript Summary:
This manuscript describes a routine full left ventricular morphology/function assessment in mice using MRI at 7 tesla.
It highlights the important steps to conduct a protocol, gives standard parameters for MRI sequences and hints for an optimal and reproducible workflow. I should highlight that the authors present and share their code for an optimized retrospective reconstruction tool.
The manuscript is well organized and in good language. Illustrations are very helpful to those planning to do such exams. I have only two small additions to suggest.

We thank the reviewer for his/her positive remarks concerning our manuscript, but also for raising some important concerns, which are addressed below. 

R1.1

The LV segmentation / evaluation is done using a specific proprietary software (MASS), and there is no mention of other options, so there is some promotional aspect that may not be desirable in this journal. Would it be possible to point that out in on sentence ahead of the description and to give links to other tools available?

The brand names of the software we used have been removed from the manuscript to avoid the promotional aspect.

R1.2

The parameter list may be too restrictive (or vice versa too relaxed) for certain scanner models in terms of TE, TR, FOV, RF coil available, etc. At least for TE the authors may find useful to point out that it should be set to the minimum achievable (flow artifacts).

The description of the parameter list is revised to indicate that the values are applicable to our system. In particular, it is advised to use the shortest possible TE of your system. 

“**The shortest possible TE given all other parameters should be used, which depends on the specific scanner configuration.”



Reviewer #2

The present manuscript by Daal et al. describes in detail how to carry out quantification of left ventricular function, myocardial strain, and hemodynamic forces of the mouse heart by cardiovascular magnetic resonance imaging (MRI). The paper is overall clearly written and a valid contribution by a group with long-standing experience in cardiovascular MRI of mice. The described protocol will be very useful for users unexperienced in cardiac MRI. I have a few comments, how this work could further be improved.

We thank the reviewer for carefully reviewing our paper and providing us feedback to further improve our manuscript.

R2.1

1. Point 1.2: Turn on the animal heating system with the temperature set to 40 °C. This seems to me a bit hot. Body temperature of mice is around 38 °C. Please comment.

The internal temperature of the animal should always be monitored and the heating system adjusted accordingly. In our experience, the body temperature of the mouse is always somewhat lower than that of the heating system. Therefore, setting the heating system to 40 °C helps maintain a normal body temperature of the mouse of around 36-37°C during and after preparation. Throughout the scan session, it is possible that the body temperature slowly starts to increase. At this point, you should indeed decrease the temperature of the heating system to prevent the body temperature from exceeding 37 °C. 

With the following sentence, we have indicated in the manuscript that the temperature of the heating system needs to be lowered from the initial value if the body temperature exceeds 37°C.

“Adjust the isoflurane administration when the respiratory rate is outside of this range and reduce the temperature of the animal heating system if the body temperature tends to exceed 37 °C.”

R2.2

Point 1.5: What's about an active isoflurane removal system? Over time this accumulates in the laboratory and long-term exposure may cause chronic or adverse health effects including nausea, dizziness, fatigue etc.

At the back opening of the scanner, there is an air extraction tube for the removal of excess isoflurane in the scanner bore. Although this is a specific setup in our lab and might differ from other labs.
The text has been revised with the following sentence to indicate the necessity of a fume removal tube in the scanner area to remove excess isoflurane. 

“Make sure the scanner area is equipped with a working fume extraction tube to remove excess isoflurane.”

The induction chamber is under a benchtop fume extraction arm for the removal of isoflurane. The text has been revised with the following sentence to indicate the use of a fume hood extraction arm during the induction of the animal.

“Place the mouse in an anesthesia induction chamber under a fume hood extraction arm and provide 3-4 % isoflurane in a mixture of 0.2 L/min O2 and 0.2 L/min medical air.” 




R2.3

Figure 1c: It seems that the width of the respiratory gate has been chosen a bit too long with detection of a QRS complex already in inspiration (at least for the last respiratory cycles shown in the screen shot). This will result in motion artefacts which affect image quality. Here or elsewhere, you may also mention that in particular in the case of bad ECG quality (e.g. after myocardial infarction) the wave feature detection of rising/falling edge is always superior over positive/negative peak.

We agree with the reviewer that our representative example of ECG/respiratory gating signals was suboptimal and that the respiratory gating interval should have been slightly shortened in order to prevent acquisition during inspiration. We now adapted this in our representative example to prevent confusion with the reader.

R2.4

Points 3.1-3.9: During the protocol explain a bit more in detail, which scan is required for which purpose.

We have provided more detailed explanations of which scan is used for which purpose. From the revised protocol, it is important that the reader understands which scans are needed to plan the orientation of the scans that will eventually be used for analysis, which in this case the multi-slice short-axis scan and the retrospectively triggered scans in SA, 2CH, 3CH, and 4CH view. 

The following sentences have been revised to reflect this.

“Based on the initial SCOUT, perform a gated single-frame Gradient Echo (GRE) scout scan (Table 1, scan 1) with 5 slices in 3 orthogonal directions and position each stack of slices on the approximate location of the heart in order to locate the exact position of the heart (Figure 2A).”

“To this end, use the previous GRE scout to position 4-5 slices in a mid-left ventricular position perpendicular on the long axis of the heart in order to find an initial estimate of the short axis which is needed to plan the long-axis 2-chamber scout (Figure 2B).”

“Perform a gated single-slice GRE scan to generate the long-axis 2-chamber (2CH) scout which combined with the short-axis scan, is needed to plan the 4-chamber (4CH) (Table 1, scan 3).”

“Perform another gated single-slice GRE scan to generate the 4-chamber (4CH) scout scan which is needed to plan the multi-slice SA and the 3-chamber scan (Table 1, scan 4).”

“Perform three sequential single-slice retrospectively gated GRE scans in respectively short-axis for quantification of the E’/A’ ratio, 2CH, and 4CH views, necessary for the quantification of the myocardial strain and HDF values (Table 1, scan 6-8).”

“Perform an additional retrospectively gated single-slice GRE scan in a 3-chamber (3CH) view which combined with the 2CH and 4CH view is necessary for the quantification of the myocardial strain  and HDF values (Table 1, scan 9).”

R2.5

Can you explain, why you use a prospectively gated CINE sequence for systolic function measurements but for all other analysis retrospectively gated sequences?

Although it would indeed be possible to perform the retrospectively gated sequence for systolic function, we chose to perform prospective gating for two reasons: 1) many users still perform ECG gated sequences and we therefore wanted to include both strategies (prospective and retrospective) Secondly, retrospective triggering, while being a powerful tool to achieve high temporal resolution CINES needed for GLS and HDF analysis, is less time efficient than prospective gating, especially when end-diastolic information is not needed as is the case for EF measurements. Therefore, prospective triggering is very well suited for fast planning of cardiac orientations as well as performing the multi-slice systolic function measurements.  

R2.6

When I got you right you are doing the reconstruction with your own tools and afterwards you export the data for analysis with the MEDIS Suite. Maybe, you should state a bit more clearly that you require the DICOM export for assessing the data by MEDIS.

The text has been revised with the following sentence to indicate the use of DICOM images in the analysis software.

“The image analysis software (Figure 4) requires the use of DICOM images and has multiple plugins for different cardiovascular analysis applications, such as the plugin for volumetric measurements and the plugin for strain and HDF analysis.”

R2.7

You are using MEDIS for a semi-automatic analysis of all parameters. However, this is somehow a black-box approach and, furthermore, a quite expensive proprietary software. I feel you should include also the relevant equations for calculation of GLS, HDF etc. at least into the appendix/supplement, so that each user can use its own solution for data evaluation.

We are aware that especially the HDF analysis is quite complex, however, we strongly feel it is beyond the scope of this manuscript to repeat the physics behind the algorithms used in the MEDIS software to calculate HDF. Instead, we prefer to refer to the appropriate literature, which forms the basis of the calculations used in the MEDIS software. Specifically, we added the following section: 

“The specific software used to calculate GLS and HDF parameters might not be available to all users. Therefore, one can refer to Voigt et al.19 (GLS) as well as Pedrizzetti et al.6,20(HDF), which contain all mathematical descriptions that form the basis of the respective calculations as performed by the analysis software.” 

[Voigt et al. European Heart Journal - Cardiovascular Imaging 2015;16:1-11].
[Pedrizzetti et al. Journal of Biomechanics 2017;60:203-210].
[Pedrizzetti. Journal of Biomechanics 2019; 95: 109323].

R2.8

I suggest to include also some sample data from a disease model, such as myocardial infarction or hypertrophy models, so that the reader can get a feeling which functional alterations can be expected.

While we respect the comment of the reviewer, we deliberately chose to do experiments in healthy animals as this provides a good reference to perform the different measurements of our protocol as well as the subsequent analyses. However, because we agree it’s important to indicate the use of our protocol in disease models, we added the following sentences to the Discussion:

“The presented results are examples of healthy animals, in order to demonstrate the feasibility of using CINE images to quantify the cardiac parameters. However, the methods described can be used for various animal models. Although specific disease models might require small alterations to the protocol, its basic structure to assess the different cardiac functional parameters will be the same. One particular case worth mentioning is a myocardial infarction model where part of the heart has significant loss in contractility. This can cause low quality of the cardiac navigator signal within this slice. In this case, an alternative option would be acquiring the navigator from a separate slice, as described in a previous study by Coolen et al .16”

[Coolen et al. NMR in Biomedicine 2011; 24: 154-162].

R2.9

Discussion: Inclusion/exclusion of the papillary muscle - this is a bit confusing. From what to you include/exclude them?

We agree this was not clearly written. What is meant is that the papillary muscles are included or excluded from the ventricular lumen volume.

The text has been revised to the following to make this more clear. 

“In this protocol, papillary muscles are excluded from the ventricular lumen volume in the short-axis images for systolic and diastolic function assessment, while they are included in the 2CH, 3CH, and 4CH views for strain and HDF analysis because the latter relies on knowledge of the precise motion of the myocardial wall, rather than the precise volume of the ventricular lumen.”

R2.10

Discussion: 'We therefore advise to keep valve diameters constant for a group of animals and across different time points'. This is also confusing, how can I keep valve diameters constant, when their alterations over the cardiac cycle are used to calculate HDF? Please clarify.

[bookmark: _GoBack]We understand the confusion with the reviewer. The time points, in this case, are repeated measurements in case a longitudinal study is performed.

The text has been revised to clarify this as follows.

“It is important to know that robust estimation of the valve diameters is difficult and therefore, the valve diameter should be kept constant for a group of animals and across repeated measurements in a longitudinal study as variations in this parameter by incorrect estimations could easily overshadow subtle changes in HDF parameters.”


Reviewer #3:
Manuscript Summary:
Manuscript "Quantification of left ventricular function, myocardial strain, and hemodynamic forces of the mouse heart by cardiovascular magnetic resonance imaging" describes magnetic resonance imaging technique to perform preparations, measurements and data analysis for cardiac strain analysis. Mouse cardiac models are widely used, and provide a good and cost effective living model to study human cardiac pathologies. MRI provides accurate cardiac functional measures containing strain and hemodynamic forces among more traditional ejection fraction, cardiac output and myocardial mass. Based on these facts, the methodology described in this manuscript has potential to be used in several laboratories and it provides a good starting point for researchers to begin with mouse cardiac imaging.

We thank the reviewer for his/her appreciation of our manuscript with no further comments to address.


