Rotterdam, 19-01-2020
Dear editor,
Hereby we resubmit our paper entitled “Quantification of Biventricular Function and Morphology by Cardiac Magnetic Resonance Imaging in Mice with Pulmonary Artery Banding”.  We thank the editor and the reviewers for their careful comments and suggestions. With these suggestions, we have improved our manuscript. These points are now included in the revised manuscript as explained below. In addition, we have adjusted certain textual parts according to the suggestions of the reviewer. The responses to all the comments posed (in italics) are listed below point by point. The changes in the manuscript are in bold.
[bookmark: _GoBack]We believe the revised version meets the requirements for publication in the Journal of Visualized Experiments. If there are any additional questions, we will be glad to answer these. 

Yours sincerely,
On behalf of the authors,
Anne-Marie Koop




Reviewers' comments
Reviewer #3: 
Manuscript Summary:
The manuscript has been changed in some aspects in the resubmitted form. However, some points mentioned initially have not been addressed.

Major Concerns:
1. The paper describes two approaches of the MR imaging: self-gated and prospective EGC triggered FLASH. For a reader, being not from the field, it would be helpful to have a short introduction into these two approaches with discussion of their advantages and limitations.
We thank the reviewer for his or her comment. We agree that the first version of the manuscript may have been insufficiently clear regarding the triggering of the CMR. Based on the suggestion of the reviewer and In order to generate a protocol which is as explicate as possible, we decided to only describe the one method we use in our institution, and which is currently considered as the golden standard. In the discussion we explain our considerations.
The current protocol describes the use of self-gated CMR, which obviates the need for ECG triggering and respiratory gating. This method has been described previously in a report from the same institution, demonstrating good intra- and inter-observer variability. (Bovens et al., 2011) Another method that could be used if the self-gated method were to be unavailable, is prospective ECG triggering. However, in a previous report from our institution, it was demonstrated that the self-gated method provides less variability, better signal and contrast to noise ratios, and less arrhythmia induced artifacts. Therefore, we recommend using the self-gated method, as stated in the current protocol. (Line 502-509)

2. Please provide a table comparing results obtained by the two methods including comparison statistics and variability.
Indeed, validation of used techniques is desirable. As discussed above, intra- and inter observer variability of self-gated CMR in the murine heart have been previously studied in our institution and reported by Bovens, et al. The results demonstrate good inter- and intra-observer variability, and imply no differences in inter-observer variability in both healthy and diseased mice for both LV and RV volumes. Furthermore, it was demonstrated that the self-gated method provides less variability, better signal and contrast to noise ratios, and less arrhythmia induced artifacts. In addition, intra-observer variability regarding RV parameters improved by a short navigator. Since the self-gated method is more appropriate to prospectively triggered method, the self-gated method is preferred due its great advantage in time efficiency. 
Bovens, S.M. et al. Evaluation of infarcted murine heart function: Comparison of prospectively triggered with self-gated MRI. NMR in Biomedicine. 24 (3), 307–315, doi: 10.1002/nbm.1593 (2011).
Reviewer #4: 
Manuscript Summary:
It was a pleasure to review the paper "Quantification of Biventricular Function and Morphology by Cardiac Magnetic Resonance Imaging in Mice with Pulmonary Artery Banding". The authors present a pulmonary banding model and evaluation of RV anatomy and function using self-gating MR. The topic is relevant but the methods need some refinement before publishing: Precision on the PAB model is inadequate. Phase contrast should be included in the MR protocol. Intra-/inter operator-/observer data should be presented for the methods.

Comments:
1) Introduction is too long. Please shorten and focus the introduction to be precise and relevant for the topic you address.
Following the suggestion of the reviewer we have shortened the introduction.

2) I appreciate that you use the pressure gradient to ensure that the banding is precise, but I have 2 comments:

a. The gradient is affected by stroke volume. For a fixed stenosis you will get a high gradient with a high SV and a low gradient with a low SV. If you place a tight band that induces RV failure, SV will drop and you will get a low gradient despite a tight clip (Low Flow-Low Gradient phenomenon). This is a bias and should at least be mentioned.
We thank the reviewer for this comment. Indeed, stroke volume / cardiac output may affect the gradient across the pulmonary artery banding. However, this is the case in heart failure with reduced cardiac output. It therefore is important to perform the echocardiographic validation of the pulmonary artery banding gradient before cardiac output is affected. We performed the measurements after two weeks of increased RV loading, when cardiac output is still preserved.  When heart failure with reduced cardiac output develops, the reciprocal relation of SV and the gradient arises and may complicate interpretation of these parameters. We have now addressed this mechanism in the discussion.
However, at termination, RV pressure is not only dependent of the “tightness” of the banding but becomes increasingly dependent of RV function. Whenever RV failure occurs within the duration of PAB, expressed by decreased cardiac output, and also RV systolic pressure will decrease, biasing results. Such biases can be avoided or minimized by assessing RV pressure load at 2 weeks after PAB surgery, instead of at termination. By means of echocardiography, assessment of RV afterload at this time point can be performed reliably and safely. This allows grouping of the mice into groups with equal pressure load, which could be helpful for intervention studies. Also, repeated measurements are easily feasible. (Line 565-572)
b. In figure 3 you present your PAB gradients and they are not very precise. You have gradients ranging from 25 - 55 mmHg. This is more than 100% increase from the lowest to the highest gradient. This is also reflected ( I guess) in the very varying RV EF and RV SV you present in figure 4. RV EF range from 25-45% and RV SV range from 20-40 ul. With a model this imprecise it is very difficult to measure an effect of an intervention unless you include very high numbers. You need to improve the precision of the model.
The differences in gradients may reflect the tightness of the banding in different animals. Even though some variation in the degree of RV-pressure load remains inevitable, all obtained gradients represent a substantial and significant increase in RV pressure load and eventually lead to RV remodeling and adaptation of RV-function. Our ample experience with this model contributes to our strong opinion that our standardized surgical procedures result in a model of fixed and effective RV pressure load that is stable and reproducible 

3) I would strongly suggest to include the use of phase contrast to measure SV which is considered gold standard. By using volumetry a tricuspid regurgitation will introduce a bias. Also the delineation of the RV in the tricuspid plane may be difficult to assess when using 1 mm slices in a mouse heart.
Despite the cited advantages of Phase Contrast technique, this PC method is sensitive to phase errors not related to myocardial motion. The main source for phase errors in our setup are eddycurrents, since our gradient system (1500mT/m) is not actively shielded.  We were therefore not able to use Phase Contrast imaging.

4) When describing a method for evaluating RV function you need to include intra-/inter-operator-observer variations. How precise and accurate are the methods you present?
Inter- and intra-observer variability analyses have been performed and published by our group previously. In the current manuscript, we refer to this report (see below). In addition to the response at the comments of reviewer #3, Bovens, et al. reported the means and standard deviations of self-gated data, and comparison to prospectively-triggered data.
Bovens, S.M. et al. Evaluation of infarcted murine heart function: Comparison of prospectively triggered with self-gated MRI. NMR in Biomedicine. 24 (3), 307–315, doi: 10.1002/nbm.1593 (2011).
The current protocol describes the use of self-gated CMR, which obviates the need for ECG triggering and respiratory gating. This method has been described previously in a report from the same institution, demonstrating good intra- and inter-observer variability.58 (Line 552-552)

Minor Concerns:
- fig 4 J/D: ul instead of ml
We thank the reviewer for his/her notice and corrected the figure accordingly.


Reviewer #5:
Manuscript Summary:
Very well written manuscript with a detailed and comprehensible model description, paying due attention to benefits and limitations of various experimental models of RV failure and methods for evaluation. I have only a few minor comments

Minor Concerns:
Could the authors provide a picture/diagram of the pulmonary artery banding with the 23G needle, which would improve the reproducibility for other researchers.

We thank the reviewer for his or her suggestions. We agree that visualization of the experiment would be of great added value. We therefor choose to include this part of the protocol in the video. 

The number of animals included in the presented result section should be available, in order to let others get an impression of statistical power of the mouse model.
The reviewer suggested to incorporate the animal numbers in the result section. In the first revision we have already added the numbers in general. We have now added a supplementary table with the number per CMR parameter.


Supplementary table 1. Number of animals per hemodynamic parameter.
	
	sham
	PAB

	RV EDV
	5
	8

	RV ESV
	5
	8

	RV EF
	5
	8

	RV SV
	5
	8

	RV ED mass
	4
	8

	RV ES mass
	4
	8

	
	
	

	LV EDV
	5
	7

	LV ESV
	5
	7

	LV EF
	5
	8

	LV SV
	5
	8

	LV ED mass
	5
	8

	LV ES mass
	5
	8

	
	
	

	EI ED
	5
	7

	EI ES
	5
	8

	
	
	

	HR
	5
	8

	CO
	5
	8


RV = right ventricle, EDV = end diastolic volume, ESV = end systolic volume, EF = ejection fraction, SV = stroke volume, ED mass = end diastolic mass, ES mass = end systolic mass, LV = left ventricle, EI ES = eccentricity index end systolic, EI ED = eccentricity index end diastolic, HR = heart rate, CO = cardiac output 

If possible it would be interesting if the authors could provide coefficient of variation (CV,%), when analyzing CMR images, both within and between animals. Not necessarily for all images, but for instance a main end-point like RV-EDV.
We thank the reviewer for his suggestion. We have added a supplementary table with the coefficient of variation for each parameter included in figure 4.

Supplementary table 2. Coefficient of variation per hemodynamic parameter.
	
	sham
	PAB

	RV EDV
	20,7
	15,4

	RV ESV
	37,9
	16,3

	RV EF
	20,4
	13,8

	RV SV
	18,8
	23,0

	RV ED mass
	21,5
	19,3

	RV ES mass
	24,4
	12,2

	
	
	

	LV EDV
	11,4
	9,7

	LV ESV
	22,2
	13,6

	LV EF
	19,2
	14,2

	LV SV
	18,0
	12,5

	LV ED mass
	35,5
	10,0

	LV ES mass
	31,6
	16,6

	
	
	

	EI ED
	8,5
	2,4

	EI ES
	11,1
	15,9

	
	
	

	HR
	4,2
	9,9

	CO
	22,8
	12,1


RV = right ventricle, EDV = end diastolic volume, ESV = end systolic volume, EF = ejection fraction, SV = stroke volume, ED mass = end diastolic mass, ES mass = end systolic mass, LV = left ventricle, EI ES = eccentricity index end systolic, EI ED = eccentricity index end diastolic, HR = heart rate, CO = cardiac output 

Reviewer #6: 
Manuscript Summary:
In the current manuscript Koop and co-authors presented protocol for the quantitative analyses of the cardiac function and morphology in comprehensive animal model of right ventricular pressure overload. The authors presented very detailed protocol for pressure gradient measurement by echocardiography and right and left ventricular function/mass by cardiac MRI. The manuscript is well written and presented in a very adequate way.

Minor Concerns:
1) As I have recognized the echocardiographic measurements were performed with Vivi7. It would be great if authors will add the model of transducer and its frequency to the protocol.
As suggested by the reviewer, we have now added the frequency of the transducer in the protocol. Indeed echocardiographic measurements were performed by a Vivid Dimension 7 with a i13L-transducer, with a 5.8 to 14.0 MHz frequency range (GE Healthcare, Waukesha, WI, USA), to our knowledge we are not allowed to mention this in the protocol. We do now have this information incorporated in the Table of Materials.

2) The analyses of the common indexes of the RV function as a longitudinal and transverse shortening were performed by several authors by using cardiac MRI (e.g. Kind et al., 2010, Swift et al., 2015). It would be nice if authors will discuss in the manuscript the fSFD and fTAAD measurements as well.
We thank the reviewer for his or her suggestion. The expansion of parameters of right ventricular function in specific directions (longitudinal vs. transverse shortening) may provide additional insight into patterns of functional RV adaptation. Fractional septum to free wall distance at the mid of the RV (fSFD) and fractional tricuspid annulus-apex distance change (fTAAD) are related to both transverse motion and RV ejection fraction compared to longitudinal motion.(Kojonazarov et al., 2018) In addition, transverse motion at mid RV is significantly stronger associated with RVEF compared to longitudinal motion. Hereby, transverse motion may be a better predictor of RV function. In the current study, we have focused on parameters as used in clinical CMR. In our CMR research protocol in mice the suggested  (non-volume based) functional RV parameters are not incorporated. Therefore, we could not add the reviewers #6 suggested measurements. However, readers and  researchers, with interest in these measurements can of course incorporate these in their respective protocols.
Kojonazarov, B. et al. Evaluating Systolic and Diastolic Cardiac Function in Rodents Using Microscopic Computed Tomography. Circulation: Cardiovascular Imaging. 2018;11:e007653. DOI: 10.1161/CIRCIMAGING.118.007653.

