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Children’s National Heart Institute
Sheikh Zayed Institute for Pediatric Surgical Innovation



Dear Dr. Xianyan Cao,									       August 14, 2019

Enclosed you will find our revised manuscript, titled: Optocardiography and electrophysiology studies of ex vivo Langendorff-perfused pig hearts. We thank the reviewers and the Editor for their constructive comments to improve our manuscript for publication in the Journal of Visualized Experiments. As requested, comments are addressed point-by-point below and text modifications are highlighted in the revised track-changes manuscript. 
General: As requested, edits were made to the manuscript layout, formatting, abbreviations, and commercial language.
Reviewer 1:
1. Lines 107-109: I like the idea of adding albumin to the perfusate….. The authors may consider elaborating on this a little bit in the Discussion, if metabolism is also concerned.
Thank you for the suggestion, we have included the following text in the Discussion (Lines 447-450): “During preparation and setup, we recommend adding albumin to the perfusate to maintain oncotic pressure and reduce edema (plus antifoam, if needed)56–59. Moreover, perfusate containing albumin can also aid in metabolic studies that also require fatty acid-supplementation to the media60,61.”

2. Line 145: What is the BW range of pigs (or the heart sizes that fit the perfusion system described here)?
[bookmark: OLE_LINK1]We have included this information in the revised manuscript (see Section 2.1): “Note: For this proof-of-principle study, juvenile Yorkshire pigs (14-42 days, n=18) were used that ranged from 2.5-10.5 kg body weight and 18-137 g heart weight (Figure 2).” Body weights and heart weights are in the new Figure 2.

3. Lines 184-187: What percentage of the hearts develop arrhythmias, at what time point, does a post-shock heart behave abnormally? Some discussion on this may help readers understand better the effect of defibrillation on the heart.
Thank you for this suggestion. In our experience, ~90% develop arrhythmias and require fibrillation. We have added this information (see Section 2.8): “In the presented study, 89% of preparations required defibrillation. After equilibration (~10 min), an average heart rate of 70+4.5 bpm was observed for juvenile piglet hearts and remained stable throughout the experiment (Figure 2).

4. Lines 201-202: The amount of dyes used here seemed quite low, comparing to what has been reported - https://www.nature.com/articles/srep43217. What is the SNR for both dyes following initial loading?
We have included additional information on how we prepare our dyes (Section 4.2, 4.3): “Prepare the voltage dye by dissolving 5 mg RH237 into 4 mL anhydrous DMSO. Dilute the dye aliquot with up to 5 mL of media and vortex. Slowly add RH237 (62.1 µg per 500 mL of perfusate) proximal to the aortic cannula. The myocardial tissue may be re-stained with RH237, if needed, throughout the duration of the experiment. Prepare the calcium dye by dissolving 1 mg of Rhod2-AM into 1 mL of anhydrous DMSO. Mix the dye with 50 µL of pluronic acid, place in a 37°C sonicating bath for up to 10 minutes, and then dilute with up to 5 mL of media. Slowly add the calcium dye (50 μg per 500 mL of perfusate) proximal to the aortic cannula. Note: To ensure uniform dye staining, dyes should be added slowly (>30 sec). Rhod-2AM takes up to 10 minutes to reach peak fluorescence, while RH237 stains the heart within a 1-2 minutes.”

We have also included the SNR ranges for each dye following loading (Section 4.4): “Using the described dye loading, SNR ranges of ~42-86 and ~35-69 for voltage and calcium, respectively, can be expected.” Using a larger dye concentration may further improve SNR.

5. Fig 1B: A ruler might be helpful to see the heart size.
	Thank you for pointing this out – a scale bar is now included.

Reviewer 2:
1. Surprising to see a focus on, as stated in the text and shown in a photograph, pigs weighing as little as 2.2 kg and thus hearts of similar scale to that of rabbits. As the age and type of pig used was not provided, it is unclear if this is a neonatal animal or mini-pig variety. 
The reviewer is correct. Since the lab is located in a Children’s Hospital, our studies thus far have been largely focused on pediatric heart models. To clarify, we have reworded the introduction to emphasize the use of piglets, and have also included the body weights and heart weights for piglets used in this study (see Section 2: Heart Excision and Langendorff Perfusion): “Note: For this proof-of-principle study, juvenile Yorkshire pigs (14-42 days, n=18) were used that ranged from 2.5-10.5 kg body weight and 18-137 g heart weight (Figure 2).” We have also included the body weight and heart weight range in the new Figure 2.

We recently had the opportunity to successfully repeat our protocol using an isolated heart from a 36kg pig (348 g heart weight) that was procured for another laboratory’s surgery study. We look forward to expanding our studies in the future.

2. Results are weighted heavily on the ECG recordings. It would be more pertinent to illustrate corresponding optical mapping signals. 
We apologize for the confusion - we aimed to describe one comprehensive approach to study both (1) electrophysiology measurements and (2) optical mapping on the same heart. We usually perform these studies sequentially. To clarify our approach, we have separated the methodology section into two parts for (A) electrophysiological assessment (VERP, SNRT, WBCL, AVNERP) and (B) optical mapping studies of transmembrane voltage and intracellular calcium. We have included a citation on electrophysiological assessment (using similar parameters) for reference and comparison (Noszczyk-Nowak A, et al. Normal Values for Heart Electrophysiology Parameters of Healthy Swine Determined on Electrophysiology Study. Adv Clin Exp Med Wroclaw Medical University, 2016; 25:1249–1254.)

3. For signals from large animal hearts, they appear quite noisy.
To avoid confusion with other studies, we modified our data analysis and data representation (new Figure 4) to more closely compare our signals with those generated by others. As an example, Lee et al. 2016 
doi:10.1038/snep43217 presents traces collected from a camera “configured to record 120×160 superpixels (4×4 binning mode; 4×4 pixels per superpixel) at 400 frames-per-second (fps)”. This design results in a superpixel that is approximately 96x96 micron area in size – which is also comparable to studies published by the Efimov lab (Laughner, et al. 2012) that utilize a MiCMA Ultima with 100 micron size pixels. Both studies have an estimated projected resolution of approximately 1.5-4 mm tissue. 

To help the reader compare between studies, we have cited both the Lee, et al 2016 and Laughner, et al 2012 papers, and generated a new figure 4 and figure 5 with signals collected from a similarly sized pixel area (15x15 pixels at 6.5 micron each= 97.5 raw superpixel). Figure 4 and Figure 5A,B displays signals without processing. 

We have also included an action potential and calcium transient signal in Figure 5C – which includes temporal filtering (50 Hz) and normalization (max to min). 

4. Probably a typo, but a flow rate of 340 ml/min was calculated for a heart from a 2.2Kg pig
Corrected.  We have also included a range of flow rates for our studies (Section 2.6) “In our experience with juvenile piglet hearts, we observed an average initial flow rate of 184+17 mL/min that declined to 70+7.5 mL/min after perfusing with warmed media containing a mechanical uncoupler (20 mM BDM).” This data is also presented in the new Figure 2C.

5. Line 188: Flushing the heart was suggested here. This was presumably to flush the heart of residual blood (maybe also the cardioplegia?), please indicate this for clarity.
Modified (Section 2.9): “Flush the heart with at least 1 liter of media, without recirculating, to remove any residual blood and cardioplegia. Once the media runs clear through the heart, the circulating loop may be closed to recirculate perfusate.”

6. Line 192: It should be indicated that the ECG lead placements are not obligatory, but positions chosen were to obtain signals analogous to lead II.
Modified (Section 3.1): “To record a standard lead II ECG over the course of the study, attach a 29-gauge needle electrode to the ventricular epicardium near the apex, with another electrode in the right atrium. With the positive and negative inputs of a differential bioamplifier connected to the apex and right atrium respectively.”  

7. Line 201 and 204: Normally, Ca dyes require a prolonged loading time to cross the cell membrane and diesterify. Here, a single bolus was injected. Therefore, it is presumed that the perfusate is being recirculated at this time and the loading is continuing through ? If loading depends upon recirculation, what is the total volume of perfusate and therefore concentration of the dye recirculating? Else, how slowly is the bolus introduced in to the perfusate?
We have included additional information on how we prepare our dyes (Section 4.2, 4.3): “Prepare the voltage dye by dissolving 5 mg RH237 into 4 mL anhydrous DMSO. Dilute the dye aliquot with up to 5 mL of media and vortex. Slowly add RH237 (62.1 µg per 500 mL of perfusate) proximal to the aortic cannula. The myocardial tissue may be re-stained with RH237, if needed, throughout the duration of the experiment. Prepare the calcium dye by dissolving 1 mg of Rhod2-AM into 1 mL of anhydrous DMSO. Mix the dye with 50 µL of pluronic acid, place in a 37°C sonicating bath for up to 10 minutes, and then dilute with up to 5 mL of media. Slowly add the calcium dye (50 μg per 500 mL of perfusate) proximal to the aortic cannula. Note: To ensure uniform dye staining, dyes should be added slowly (>30 sec). Rhod-2AM takes up to 10 minutes to reach peak fluorescence, while RH237 stains the heart within a 1-2 minutes.”

Reviewer 3:
1. I suggest to provide a detailed schematic in Fig. 1 indicating the optical components. This will make it much easier to assemble to optical system. A note on the electrical triggering of the components could also be useful.
Thank you for the suggestion, more details on the components are presented in the new Figure 1. We manually triggered our light sources – and have noted that in the revised draft (Section 4.7)

2. Unfiltered raw data and a discussion of achievable fractional change and signal to noise ratio (SNR). 
We have included unprocessed raw data in the new Figure 4, Figure 5A,B plotted as units of fractional change. To avoid confusion with other studies, we modified our data analysis and data representation (new Figure 4) to more closely compare our signals with those generated by others. As an example, Lee et al. 2016 doi:10.1038/snep43217 presents traces collected from a camera “configured to record 120×160 superpixels (4×4 binning mode; 4×4 pixels per superpixel) at 400 frames-per-second (fps)”. This design results in a superpixel that is approximately 96x96 micron area in size – which is also comparable to studies published by the Efimov lab (Laughner, et al. 2012) that utilize a MiCMA Ultima with 100 micron size pixels. Both studies have an estimated projected resolution of approximately 1.5-4 mm tissue. 

To help the reader compare between studies, we have cited both the Lee, et al 2016 and Laughner, et al 2012 papers, and generated a new figure 4 and figure 5 with signals collected from a similarly sized pixel area (15x15 pixels at 6.5 micron each= 97.5 raw superpixel). Figure 4 and Figure 5A,B displays signals without processing. 

We have also included an action potential and calcium transient signal in Figure 5C – which includes temporal filtering (50 Hz) and normalization (max to min). We have also included the SNR ranges for each dye following loading (Section 4.4): “Using the described dye loading, SNR ranges of ~42-86 and ~35-69 for voltage and calcium, respectively, can be expected.” 

3. Although it might be obvious, it might be useful to emphasize that the illumination should be set to use the full well depth to provide maximum SNR.

We have noted (section 4.7) to “test the LED lights (525 nm, 1.4mW/mm2) prior to the start of imaging to ensure uniform and maximal epicardial illumination, as determined by the sensor well depth.”

4. The authors do not submerse the heart in a tissue bath … I expect the glare points may occur on the heart's surface which could make the analysis of the data difficult.
Thank you, we have included this point in the text (Section 2.7) “Do not submerge the heart tissue, as it can impinge on cardiac imaging.” And the Discussion section (Lines 466-467): “To improve optical imaging endpoints, a hanging heart preparation limited the effect of glare that can occur with a submerged heart.”

5. Image registration is done with the software Metamorph… Could you provide additional information on the algorithm and the accuracy of the alignment?
Per JOVE guidelines, we had to remove reference to Metamorph software in the text (still denoted in the Table 1 Materials). We have modified Section 4.6 to state: “Image alignment is best performed with the aid of software that can split the desired regions, overlay, and display a gray-scale subtraction or pseudo-color addition to highlight misalignment (see Table 1 for software option).” 

6. I suggest to add a note of caution regarding the ongoing debate and indicate that the motion uncouplers blebbistatin may alter cardiac electrophysiology and may have an effect on defibrillation threshold.
Thank you for this suggestion – we have included the limitations of using mechanical uncouplers in the new Limitations section (Lines 483-492): “Another potential limitation to this study is the use of a mechanical uncoupler to reduce motion artifact during imaging. Blebbistatin has become the uncoupler of choice in cardiac imaging applications due to its minimal effects on ECG parameters, activation and refractory periods41,64,65. BDM is a less expensive choice, which can be particularly important in large animal studies that require greater volumes of perfusate and mechanical uncoupler, but it is known to have a greater impact on potassium and calcium currents that can alter action potential morphology66–69. If BDM is used, note that APD shortening increases the hearts vulnerability to shock-induced arrythmias70. Conversely, the main limitation to using blebbistatin is its photosensitivity and phototoxicity, although alternative formulations that have reduced these effects71–73.” 

Reviewer #4:

1. Data processing, signal analysis and reconstruction of activation maps should be described as well.
This information is now included in the manuscript as several steps in section 6.2, see thresholding, spatial averaging, temporal filtering, drift removal.

2. The authors should show more optical mapping data, including (1) ventricular activation during spontaneous (sinus) rhythm, (2) ventricular activation at S2 extra stimulus (the shortest S1S2 interval used to measure VERP), (3) action potential duration distribution maps for spontaneous rhythm, S1S1 stimulation and for S2 extra stimulus, (4) calcium transient duration and calcium transient rise-up time distribution maps for spontaneous rhythm, S1S1 stimulation and for S2 extra stimulus, (5) action potential-calcium transient delay distribution map. All the maps should be accompanied by representative optical traces. 
We apologize for the confusion - we aimed to describe one comprehensive approach to study both (1) electrophysiology measurements and (2) optical mapping on the same heart. We usually perform these studies sequentially. To clarify our approach, we have separated the methodology section into two parts for (1) electrophysiological assessment (VERP, SNRT, WBCL, AVNERP) and (2) optical mapping studies of transmembrane voltage and intracellular calcium. We have included a citation on electrophysiological assessment (using similar parameters) for reference and comparison (Noszczyk-Nowak A, et al. Normal Values for Heart Electrophysiology Parameters of Healthy Swine Determined on Electrophysiology Study. Adv Clin Exp Med Wroclaw Medical University, 2016; 25:1249–1254.)

As requested by the reviewer, we have included new data sets that depict spontaneous sinus rhythm (Figure 4), paced action potential duration map and activation time isochrones (Figure 5D), paced calcium transient duration map and activation time isochrones (Figure 5D), an overlay of action potential and calcium transient signals to show delay (Figure 5C), and an example of ventricular fibrillation (Figure 4). 

3. The authors should also consider using different locations of the pacing electrode, including pacing from the right ventricle, apex and in the middle of the left ventricle. The latest should be used to assess conduction anisotropy, i.e., the ratio between the longitudinal and transversal conduction velocities.
Thank you for the suggestion. In the revised manuscript, we display action potentials and calcium transients from two regions of interest (RV and LV). We agree that it will be of interest to investigate regional differences in the tissue (RV, apex, LV) in future studies – but, these mechanistic experiments were not the focus of the current methodological study.

4. Did the authors observe any ventricular arrhythmias in their settings? It would be highly beneficial for readers to show an example of such ventricular tachyarrhythmia mapped and reconstructed for a few consecutive beats. This is important for those who will be using the presented experimental approach for studying ventricular arrhythmogenesis in a porcine model.
	Thank you for the suggestion. We have included new data in figure 4 to display ventricular fibrillation.

5. The authors should indicate how stable was the heart rate (and, maybe, other EP parameters) over a course of the experiment, including that at baseline, after staining with fluorescent dyes, after immobilization with blebbistatin or BDM, and at the end of the experiment.
Unfortunately, our experimental approach did not include multiple EP studies across time. This will be interesting to investigate in the future. We have included new heart rate data at the beginning and end of study (new figure 2B) and changes in flow rate before and after perfusion with a mechanical uncoupler (new figure 2C).

6. Limitations of this experimental setup/protocol should be also described. In their experimental settings, the authors could image only a part of the heart (versus the entire ventricular surface at panoramic imaging). 
As recommended, we have included a new limitations section which includes information on panoramic imaging, mechanical uncouplers and species differences (Lines 477-496). 

7. It would be highly beneficial for readers to provide a schematic for the optical system. It is not clear from the text how the emission light was separated for voltage and calcium signals. Was a single camera used for a simultaneous recording of two signals?
Thank you – this is included in the new Figure 1, which depicts the configuration of the camera sensor, splitter and light paths.

8. Line 53-54: Not just this but also (and, probably, most important) because of affordable genetic manipulations available for rodents.
	Modified, thank you for the suggestion.

9. Line 129: Please, specify what filter (brand, type) was used.
Per JOVE guidelines, we cannot describe brands in the text. However, filter properties are described in Section 4.5 and 4.7, and manufacturer details are provided in the Table of Materials.

10. Line 181-182: It would be helpful to measure a surface temperature to confirm that, in your experimental conditions, a heart surface indeed has the same temperature of 37 Celsius degree as perfusate.
Thank you for the suggestion. This information is now included (section 2.7): “Under full flow, we observe temperature ranges from 35C to 37C between the epicardium and endocardium, respectively.”
 
11. Line 192 and later: Please, describe how the pacing/ECG electrodes should be attached to the heart.
Modified (Section 3.1): “To record a standard lead II ECG over the course of the study, attach a 29-gauge needle electrode to the ventricular epicardium near the apex, with another electrode in the right atrium. With the positive and negative inputs of a differential bioamplifier connected to the apex and right atrium respectively.” Section 3.2: “Attach one bipolar stimulus electrode on the right atria, and a second bipolar stimulus electrode to the lateral left ventricle for pacing purposes.”

12. Line 196: Include an approximate normal baseline heart rate that should be achieved during heart stabilization and indicate a normal functioning of the heart after cannulation.
Thank you for the suggestion, this information is now included (Section 2.8) and shown in a new Figure 2: “In the presented study, 89% of preparations required defibrillation. After equilibration (~10 min), an average heart rate of 70+4.5 bpm was observed for juvenile piglet hearts and remained stable throughout the experiment (Figure 2).”  

13. Line 236: How many S1 pulses were applied before S2 extrastimulus? Were the same pulse parameters used for S2 as for S1?
We have included more details on the parameters we used for this study in Section 3.5: “Perform extrastimulus pacing using either an S1-S1 or S1-S2 pacing train, in the latter a  train of 6-8 impulses (S1) was followed by a single  impulse (S2)……….. The same stimulation parameters are used for both S1 and S2 (1-2mA, 1 ms pulse width).” 

Reviewer 5:

1. While this protocol may be of interest to other scientists, it is poorly described and contains several issues. The authors should consider adding information on the optical setup …  the external validity of this model … human hearts.
Additional information on the optical setup is included, along with a new Figure 1 to show the configuration. We have added a reference to our previous manuscript that demonstrates the validity of our model (DOI: 10.1161/CIRCEP.119.007294 and DOI: 10.1101/651380). We have also included citations to cardiac models from other species (canine, human) in the Discussion section (Lines442 – 444). 

2. Figure 2 is very confusing. I would strongly recommend adding direct unipolar or bipolar atrial and ventricular electrogram recordings for this EP study rather than only ECG. You have to provide a more detailed overview and explanation of the described EP study….. Provide more detail on the reliable physiological range of SR, SNRT and all ERPs to validate the model.

Although our laboratory does not currently have an intracardiac catheter for programmed stimulation and recordings, we were able to easily measure SNRT, WBCL, AVNERP, and VERP using two pacing electrodes in conjunction with lead II electrocardiogram recordings. Additional details were included in Section 3.5. We have also included a reference to a previously published study on pig heart electrophysiology measurements (Noszczyk-Nowak A, et al. Normal Values for Heart Electrophysiology Parameters of Healthy Swine Determined on Electrophysiology Study. Adv Clin Exp Med Wroclaw Medical University, 2016; 25:1249–1254). Finally, we have noted in the Discussion section that alternatives are available (Lines 472-474): Although we describe the use of electrocardiograms to identify capture and loss of capture for various EP parameters, intracardiac catheters or bipolar recording electrodes can also be used.

In addition, expand on how programmed electrical stimulation is used to study cardiac dynamics by optical mapping. For example, I don't see how ventricular optical mapping can help asses SAN function?
The reviewer is correct, ventricular optical mapping does not help assess SAN function. We apologize for the confusion - we aimed to describe one comprehensive approach to study both (1) electrophysiology measurements and (2) optical mapping on the same heart. We usually perform these studies sequentially. To clarify our approach, we have separated the methodology section into two parts for (1) electrophysiological assessment (VERP, SNRT, WBCL, AVNERP) and (2) optical mapping studies of transmembrane voltage and intracellular calcium.

3. The authors exaggerated the clinical relevance of a pig model compared to other models. Pig cardiac anatomy is actually significantly different from that of a human….Please compare the efficacy of a pig model to other large animal models for the study of normal and abnormal cardiac function.
[bookmark: __Fieldmark__269_3598336778][bookmark: __Fieldmark__274_3598336778][bookmark: __Fieldmark__279_3598336778][bookmark: __Fieldmark__284_3598336778][bookmark: __Fieldmark__292_3598336778]We have added text to the Introduction section which highlight the utility of using a pig model (Lines 74-82): “Indeed, previous studies have documented similarities in cardiac electrophysiology between humans and pigs, including similar ion currents8, action potential shape9, and responses to pharmacological testing10. Moreover, the porcine heart has contractile and relaxation kinetics that are more comparable to humans than either rodents or rabbits11. Compared to a canine model, the porcine coronary anatomy more closely resembles a human heart12,13 and is the model of choice for studies focused on heart development and/or congenital heart defects1. Although there are differences between the pig and human heart9, these similarities make the porcine heart a valuable model for cardiovascular research14.” 

We agree that each species has its own unique differences that have been thoroughly outlined by other reviews. In the Discussion section, we acknowledge that other laboratories may chose a different animal model to suit their specific research question: “Moreover, the described methodology can be modified and adapted for use with other cardiac models of interest (e.g., canine, human) depending on the specific research focus54,55” 
 
4. There are several labs (Efimov and Fedorov labs) that directly study with high-resolution optical mapping setups the physiology and pathophysiology of arrhythmias using explanted diseased and non-diseased human hearts. In line with this, the pig heart may only provide a higher throughput in comparison. Therefore the authors should address this in the manuscript.
We agree that the work on human heart specimens by Federov (atria), Janssen (trabeculae), Efimov (ventricular wedge prep, slices) and Iaizzo (whole heart MAP, pressure) is highly innovative. We see these approaches as complementary and not a limitation. Our methodology may prove useful to laboratories who do not have access to human tissue or who are interested in a specific parameter that is difficult to control with a rejected donor or diseased human hearts (example – sex and age differences). As this is an alternative, and not the focus of our study, we have briefly mentioned in the Discussion as stated above.

5. This protocol attempts to create a large animal model to characterize myocardial function; however, it is not made clear how large of a pig is used, and the manuscript references a 2.2 kg pig, which is not representative of a large animal but rather a small rabbit.
The reviewer is correct. Since the lab is located in a Children’s Hospital, our studies thus far have been largely focused on pediatric heart models. To avoid confusion, we have reworded the introduction to include reference to piglets, and have also included the body weight and heart weight size for piglets used in this study (see Section 2: Heart Excision and Langendorff Perfusion): “Note: For this proof-of-principle study, juvenile Yorkshire pigs (14-42 days, n=18) were used that ranged from 2.5-10.5 kg body weight and 18-137 g heart weight (Figure 2).” We have also included the body weight and heart weight range in the new Figure 2.

We recently had the opportunity to successfully repeat our protocol using an isolated heart from a 36kg pig (348 g heart weight) that was procured for another laboratory’s surgery study. We look forward to expanding our studies in the future.

6. Lines 178-180. The heart hangs from the aortic cannula and is not submerged in warm media, and as a result, a larger pig heart might not be maintained at an adequate temperature throughout the experiment.

Thank you for the suggestion. This information is now included (section 2.7): “Under full flow, we observe temperature ranges from 35C to 37C between the epicardium and endocardium, respectively.”

7. A bolus dose of calcium and voltage dye is introduced. However, a bolus should not be used when injecting dye. Instead, the dye should be warmed and slowly injected to avoid the harmful effects of concentrated dye which may lead to transient vasoconstriction, ischemia and arrhythmias. What was the process for diluting each dye and blebbistatin? DMSO? This needs to be described.

[bookmark: __Fieldmark__938_3598336778]Additional details are provided in Section 4.1 – 4.3: “A mechanical uncoupler should be used to minimize motion artifacts during optical mapping and to avoid hypoxia6,37–39. (-/-)Blebbistatin (5 M circulating concentration) may be added slowly as a bolus dose of 0.5 mM in 5mL perfusate (100x of final concentration)40.  Alternatively, BDM may be initially included in the perfusate media at a circulating concentration of 20 mM. Prepare the voltage dye by dissolving 5 mg RH237 into 4 mL anhydrous DMSO. Dilute the dye aliquot with up to 5 mL of media and vortex. Slowly add RH237 (62.1 µg per 500 mL of perfusate) proximal to the aortic cannula. The myocardial tissue may be re-stained with RH237, if needed, throughout the duration of the experiment. Prepare the calcium dye by dissolving 1 mg of Rhod2-AM into 1 mL of anhydrous DMSO. Mix the dye with 50 µL of pluronic acid, place in a 37C sonicating bath for up to 10 minutes, and then dilute with up to 5 mL of media. Slowly add the calcium dye (50 μg per 500 mL of perfusate) proximal to the aortic cannula. Note: To ensure uniform dye staining, dyes should be added slowly (>30 sec). Rhod-2AM takes up to 10 minutes to reach peak fluorescence, while RH237 stains the heart within a 1-2 minutes.”

8. Figure 3: Please provide direct validation of emission light separation for voltage and calcium signals. OAP and CaT should be overlap to show their morphology differences as well as delay 8-12 ms between upstrokes. Provide more detail on the reliable physiological range of OAP and CaT parameters ( e.g. APD CaT 50 and 80), activation time and conduction velocities to validate the model.
References to the validation of emission light separation is now included (Section 4.5): “This configuration results in adequate emission light separation, as previously validated43,44. New Figure 5C depicts an optical action potential overlaid with a calcium transient, with time scale denoted. We have also included restitution curves to show action potential and calcium transient duration times at different pacing cycles (new Figure 5E,F) and included voltage and calcium activation maps (new Figure 5D). 

9. Many classical refs are missing. For example, Lines 196-200 is missing a ref on Fedorov et al Heart Rhythm 2007 as first detailed application of blebbistatin for cardiac optical mapping experiments.
	
	The reference to Fedorov’s blebbistatin paper has been added.

10. Refs 36 and 37 are identical
	
	Corrected, thank you.

[bookmark: _GoBack]Thank you for your time and effort in reviewing our work.
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