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May main concerns are that the study uses different occlusion times and different intervals to MRI scanning for each group making comparission difficult - this is not discussed in the manuscript. Furthermore, only MRI data is reported, leaving out other measures of heart failure (histological findings, blood samples, histology, electrical remodeling).

Answer: The different durations of cardiac ischemia times (90 min in Landrace pigs and 120 min in Göttingen minipigs) have been selected due to the different susceptibility of the two breeds to ischemic injury. These ischemia times were selected based on literature for Göttingen minipigs (Schuleri, KH et al, Eur Heart J, 2009; Chang HJ et al, JACC Cardiovasc Imaging, 2009; Schuleri KH et al, JACC Cardiovasc Imaging, 2011; Schuleri, KH et al, J Cardiovasc Magn Reson., 2012; Fanton Y et al, Int J Cardiol. 2015), and for large swine (Hoetzenecker K et al, Basic Res Cardiol, 2012; Chen Y et al, J Chin Med Assoc, 2013; Vilahur G et al, Eur Heart J, 2013; Jablonowski R, Acad Radiol, 2014; Lichtenauer M et al, Eur J Clin Invest, 2014; Varga-Szemes A et al, Int J Cardiovasc Imaging 2014; Vilahur G et al, Int J Cardiol. 2014; Crisostomo V et al, J Transl Med, 2015).
These ischemia times can provide predictable and reproducible myocardial infarction sizes and localizations. In our present study the same scar sizes were achieved in the two breeds that justifies the selection of different durations of cardiac ischemia.  The different intervals to MRI scanning can be explained by the initial fast growth rate of Landrace pigs that did not allow us to extend the study length to 3 months. Moreover, please note that with exception of the scar sizes and the mortality rate, none of the other measured parameters were directly compared between the two breeds. Signs of HF were assessed only by CMRI, however, a guideline on the relevance of rigor and reproducibility in preclinical studies on cardioprotection recommends cardiac magnetic resonance imaging (CMRI) as a clinically relevant method for measurement of ventricular function in pigs (Bøtker HE et al, Basic Res Cardiol. 2018). To further prove that pigs had HF we measured other clinically relevant signs of HF such as left atrial size and pulmonary oedema (please see the answer for Reviewer 2 question 1 and figure 5). 

According to the request of Reviewer #4 we included in the text of the limitation section the next on page 14-15:
“Signs of HF were assessed by CMRI, according to recommendations of a recent guideline on the relevance of rigor and reproducibility in preclinical studies on cardioprotection… Although we haven’t measured biomarkers and histological signs of post-MI HF in this study, these models are suitable for analysis of any biomarkers since the availability of plasma and tissue samples. Due to the different susceptibility of the 2 breeds to ischemia/reperfusion injury, different durations of coronary occlusions were selected here that may although limit the comparison of the 2 models, however, by this approach we achieved similar infarct size. The follow-up time in the 2 breeds was different as in the Landrace pigs only 2 months follow up time can be achieved due to technical reasons, i.e. rapid increase in body weight that shows a major limitation of the Landrace model.”

I have the following concerns and comments that may contribute to improve the manuscript.

Abstract:

74: Please explain abbreviation for BARI.

Answer: Thank You!

According to the request of Reviewer #4 we amended the abstract section as follows on page 2:

„In addition, here we used BARI scoring (Bypass Angioplasty Revascularization Investigation Myocardial Jeopardy Index) for standardization of myocardium at risk, we also describe the procedure of intracoronary administration of the drug and report right ventricular morphofunctional parameters.” 

Please mention to time of coronary occlusion in the abstract

Answer: Answer: Thank You!

According to the request of Reviewer #4 we amended the abstract section as follows on page 2:

“MI was induced by intraluminal balloon occlusion of the left anterior descending coronary artery for 120 min in Göttingen minipigs and for 90 min in Landrace pigs, followed by reperfusion.”

Introduction

Lines 97 to 107 are not relevant to understand the context of the study and could be shorted or removed.

Answer: According to the request of Reviewer #4 we shortened the introduction section by deleting unnecessary data on page 3:

“Numerous cardioprotective therapies effective even in large animal models have been described, but only remote ischemic conditioning (RIC) seemed to improve clinical outcomes of post-MI HF in a small clinical trial. However, this encouraging result on the efficacy of RIC was questioned in a single-blind, randomized controlled trial (CONDI-2/ERIC-PPCI) performed at 33 centers across Europe in STEMI patients, where RIC failed to improve clinical outcomes. Potential reasons for the failed translation of the preclinical data might be the use of suboptimal post-MI HF animal models with low clinical relevance.”

The value of the introduction could be improved by adding specific information on how and why the protocol was chosen.

Answer (work on it): Thank You on this suggestion.

According to the request of Reviewer #4 we tried to improve the introduction section as follows on page 3 and 4:

Corrected text: “To analyze the scientific interest on post-MI HF in pigs we performed literature search on PubMed using the following search string: “(pig OR swine OR porcine OR sus-scrofa OR minipig OR mini-pig OR miniature-pig OR miniature-swine) AND (infarct* OR ischem* OR ischaem* OR reperfus*) AND (heart OR cardi* OR myocard*) AND (LAD OR left-anterior* OR LCX OR left-circumflex OR RCA) AND (heart-failure OR lvef OR ejection-fraction OR infarct-size OR infarction-size)” and found that pig models of cardiac ischemia/reperfusion are frequently used to study MI and post-MI HF, but only 17% (71 out of 425 articles) of studies involved minipigs and 7% (30 out of 425 articles) used Göttingen minipigs. Only about 1% (5 out of 425) of studies used Göttingen minipigs and clinically relevant protocols with long-term follow-up (1-9 months of reperfusion) and CMRI to analyze cardiac function. The small number of clinically relevant studies highlights the translational gap between basic research and clinical trials. Therefore, a comprehensive characterization of the closed-chest post-MI HF models in Göttingen minipigs and Landrace pigs with repeated assessment of left and right ventricular function and anatomy using CMRI during long-term follow up is required. Here we aimed to focus on the technical feasibility and clinical relevance of two post-MI HF models to describe standardized and reproducible experimental protocols for post-MI HF studies that may be used to assess cardioprotective drug and/or medical device therapies.”

Methods

The authors provide an easy-to-understand point-by-point approach to describe their methods. I would encourage to either add vendor information on the used equipment (c-bow, anesthesia system, monitoring system etc for better reproducibility)

According to the helpful request of Reviewer #4 we amended the excel of materials with vendor information of materials excel including c-bow, anesthesia system etc.

As this paper focuses on methods, a short section on pitfalls and/or learning experiences the authors had while setting these models up and include information on how pigs were resituated. This could help other groups from making the same mistakes and reduce the number of used animals in the future.

Answer: According to the request of Reviewer #4 we amended the protocol section on page 6 and page 8 as follows:
“2.3.1. Note that this intervention should be performed only by trained interventional cardiologist.”
“4.4. Following the procedure, the animals were transported with a van in small groups in cages to avoid unnecessary stress in early postoperative period.”

Occlusion period of the two races differ. How does 90 in landrace pigs compare to 120 min in minipigs. Why were different times chosen? Why different reperfusion periods/MRI timepoints?

Answer: this question was raised by Reviewer #4 previously and answered above.   

1.2.2: Please provide the formulas here

Answer: According to the request of Reviewer #4 we amended the protocol as follows on page 4:  

“1.2.2.	Measure the body weight and length of animals. The calculation of the body surface areas (BSA) formulas were described by Itok et al. for Göttingen minipigs (BSA [m2] = (7.98 × BW [kg]2/3)/100) and by Swindle et al.  for Landrace pigs (BSA [m2] = (7.34 × BW [kg]0.656)/100).” 
1.2.3: Were 6.0 tubes used for both species? Please specify

Answer: the size of the endotracheal tube depends on the individual anatomic characteristics of each animal. Endotracheal intubation was performed by a 6.0- to 7.5-mm endotracheal tubes.

According to the request of Reviewer #4 we changed the text on page 4 as follows:

“1.2.3.	Intubate animals, maintain anesthesia with isoflurane (2% isoflurane, 2 L/min oxygen). The size of the endotracheal tube depends on the individual anatomic characteristics of each animal and ranges between 6.0- to 7.5-mm.”

1.3.1: Please use generic names for drugs, fx. Atracurium instead of tracrium. What is the reason for muscle relaxant? Were 350 ml tidal volumes used for both species? Please specify

Answer: For cardiac MRI measurements it is necessary to avoid respiratory artefact that come from the changes of cardiac position during the breathing. Atracurium, as a muscle relaxant was administered to avoid these respiratory artefacts. In humans this can be achieved by asking the patients to hold the breath. 

According to the request of Reviewer #4 we changed the text on page 5 as follows:

“1.3.1.	Transfer animal to CMRI facility and administer 0.4-0.5 mg/kg atracurium besylate i.v.. Atracurium besylate is a nondepolarizing, skeletal muscle relaxant that is used to avoid respiratory artefacts during CMRI measurements. Start positive pressure ventilation (16/min frequency, 350ml volume, 25-30 Hgmm positive pressure).” 


1.3.2: Please provide information on how the pig was positioned in the scanner and how coils were placed

According to the request of Reviewer #4 we changed the text on page 5 as follows:

“1.3.2.	Position the animals in the supine position. Place flexible coils on the chest and 32-channel coils are placed in CMRI bed.” 

2.1.1: Please specify the concentration of the different antibiotics used in the cocktail

Answer: OK, thank You.
According to the request of Reviewer #4 we changed the text on page 5 as follows:

“2.1.2.	Apply analgesia (meloxicam 0.4 mg/kg body weight) and antibiotic cocktail (benzylpenicillin-procain (24.8 mg/mL), benzylpenicillin-benzatine (83.6 mg/mL), dihidrostreptomycine-sulfate (156.3 mg/mL), 3 ml/50 kg body weight) by intramuscular injections on the day of coronary artery occlusion.”

2.2.2.: Where is the surgical site?

Answer: the area around the skin fold between the gracilis and Sartorius muscle
According to the request of Reviewer #4 we changed the text on page 5 as follows:

“2.2.2. The surgical site is around the skin fold between the gracilis and sartorius muscle.”

2.2.4: Please specify ECG lead positions. Are electrodes placed on the limbs, close to the limbs or on torso?

Answer: According to the request of Reviewer #4 we amended the text on page 6 as follows:

“2.2.4.	Place surface ECG electrodes in Einthoven’s triangle. This triangle is formed by the two anterior limbs and left hind limb and the electrodes are placed on limbs.”

2.2.5: Again, specify tidal volume.

Please see the answer above.

2.2.11: Was the same dose used for landrace and minipigs? Did you adjust for weight?

Answer: We have clarified the text as follows on page 5: 
“The animals received approximately 370-440 IU/kg heparin during the whole intervention.”

2..3.2: Please specify the guiding catheter, vendor, type?

Answer: Medtronic Launcher, 5F guiding catheter was used.
According to the request of Reviewer #4 we amended the excel of materials.

2.3.6: How was the coronary ostium intubated? Was the guidewire used to approach the aortic valve? Was only the guiding advanced? Please add this step as the catheter in the protocol has not moved from the aortic arch…

2.3.6: What is meant by "selective filling" Was angiography performed separately for LAD, LCx, RCA?

In line with the two comments above, we clarified the text on page 6 as follows:

“2.3.1. … First, advance the guidewire to approach aortic root atraumatically. Perform deep intubation by a thin, 5F guiding catheter to avoid significant obstruction of the blood flow.
“2.3.6. 2.3.6.	To perform baseline angiography, intubate separately and fill with contrast agent selectively the ostia of right coronary artery and left main coronary artery. For more technical details, refer to catheterization textbooks.” – references are also added here, see in the revised manuscript ref 20 and 21.


2.3.7.: This seams an important step in deciding position of occlusion. As this is a methodological paper, the authors could consider showing a concrete example with a figure explaining the steps.

According to the request of Reviewer #4 we amended the protocol and the results section with a new figure and text as follows on page 6 and 7: 
“2.3.7.	Perform BARI (Bypass Angioplasty Revascularization Investigation Myocardial Jeopardy Index) scoring after the baseline angiography. A score to all terminal arteries (terminal portion of the left anterior descending, left circumflex, and right coronary artery, as well as the ramus, diagonals, obtuse marginals, posterior descending and posterolateral branches) is assigned based on their length and caliber according to specific criteria. A value of 0 represents an almost insignificant vessel size. In contrast, a value of 3 defines a large-sized artery with a length of two thirds the distance between the base and cardiac apex. Do not take right ventricular marginals and posterior descending artery septal branches into account. Calculate the final BARI score (% of the left ventricle at risk) by dividing the total value from the infarct-related artery by the total values of all arteries (Figure 2 A-D) supplying the LV. Choose the occlusion site on the left anterior descendent (LAD) coronary artery to achieve approximately 25-30% myocardium at risk as assessed by BARI scoring.”
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Also, we amended the figure and table legends section as follows on page 11:

“Figure 2. Estimation of the myocardium at risk based on the BARI (Bypass Angioplasty Revascularization Investigation Myocardial Jeopardy Index) score (A-D). The total value of the infarct-related artery is divided by the sum of the 3 total values of each coronary artery, the right coronary artery (RCA), the left circumflex coronary artery (LCX), and the left anterior descending coronary artery (LAD). Left ventricular scar sizes in Göttingen minipigs and Landrace pigs measured by cardiac magnetic resonance imaging (E). Scar size is shown as a ratio of mass of infarction to the mass of left ventricle at end of diastole (LVED). BARI scores in Göttingen minipigs and Landrace pigs measured before coronary occlusion (F).”

2.3.16: What was done/could be done if HR/BP or temperature were out of normal ranges?

Answer: To maintain the temperature we used heating device as described under the point 2.3.17., to maintain the blood pressure continuous infusion of in Ringer solution (1 L/hour) was given as described under the point 1.2.4. in the protocol. Magnesium sulfate was administered throughout the procedure to prevent ventricular tachycardia (VT) and ventricular fibrillation (VF) as described under the point 2.1.4.  in the protocol. The resuscitation protocol was described under the 2.3.18. point.

2.3.22: Should read 120 and 90, respectively depending on the race.

According to the request of the Reviewer #4 we changed the text on page 8 as follows:

“Initiate the reperfusion with balloon deflation after 120 min cardiac ischemia in Göttingen minipigs and after 90 min in Landrace pigs.”

2.3.23: Was the guiding kept in place during occlusion? Could this have influence on left side perfusion? Was a guiding with side-holes used?

According to the helpful comment of the Reviewer, we changed the text on page 7 as follows

“Keep in place the guidewire and the balloon and pull back the guiding catheter from the ostium of the coronary artery to avoid diffuse cardiac ischemia.”

How exactly was infarct size calculated? Did the authors assess border zone as well?

Answer: the border zone is not assessed separately. The quantification was performed as described in the protocol on page 9.

“5.2.3.4. Quantify myocardial necrosis with manual planimetry on the delayed contrast enhancement images by delineating the myocardium with signal intensity 5 SDs above the mean signal obtained in the remote, non-infarcted myocardium.”

Results

The findings mainly include MRI data. It would be interesting to know if the authors have also looked for clinical signs of heart failure, elevation in proBNP or other cardiac markers during the experiment and, finally, histology.

Answer: We have not looked for biomarkers and histology. 
Also, according to the request of Reviewer #4 and Reviewer #2 we amended the results section with a new figure and text as follows on page 10: 

“In order to further examine signs of HF, we performed measurement of the left atrial volume indexed to body surface area (LAVi). LAVi increased by 34% in Göttingen minipigs after 6 months (Figure 5A) and did not change significantly in Landrace pigs after 2 months (Figure 5B). Representative images show the tracing of the left atria (Figure 5 C-D).  Moreover, the presence or absence of pulmonary oedema was assessed by CMRI on the localizer images (Figure E). Pulmonary oedema was observed in both breeds as a result of cardiac decompensation. Ten out of eleven Göttingen minipigs and nine out of ten Landrace pigs showed obvious signs of pulmonary oedema.”
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Also, we amended the figure and table legends section as follows on page 12: 

“Figure 5. Left atrial volume indexed to body surface area (LAVi) in mL/m2 in Göttingen minipigs (A) and Landrace pigs (B) measured by cardiac magnetic resonance imaging. Representative images of left atrial volumes, tracings were made on the two- (C) and four chamber (D) cine images. The white arrows show the presence of pulmonary oedema on the representative localizer image (E). *p<0.05 vs. corresponding baseline (paired t-test in Göttingen minipigs and Landrace pigs).”

Also the protocol section is amended as follows on page 4:

“Quantify left atrial volume by tracings on the two- and four-chamber cine images. Correct the left atrial volumes to BSA to get left atrial volume indexed to body surface area (LAVi). Assess the presence of pulmonary oedema on the localizer images.”

As to the question of other parameters of heart failure we amended the limitations section on page 15 as follows:

“Although we haven’t measured biomarkers and histological signs of post-MI HF in this study, these models are suitable for analysis of any biomarkers since the availability of plasma and tissue samples.” 

Were ECGs performed during/at the end of the follow-up and if yes, were changes in activation or repolarization present?

Answer: we have not performed ECG examinations in the follow-up.

It seems that the cardiac index is increasing during the experiments compared to baseline despite myocardial infarction. Furthermore, baseline LVEF is reduced in Landrace pigs. Do the authors have any explanation?

Answer: We do not know the exact explanation for baseline LVEF in Landrace pigs. Our present finding on baseline LVEF in Landrace swine is according to data reported by others in large swine (see references 13,41,42 in revised manuscript). These values in large swine are smaller as compared to healthy human LVEF reference ranges (58-61%) (see reference 43 in revised manuscript) and baseline (pre-infarction) values in Göttingen minipigs (55-73%) (see references 33,44,45 in revised manuscript). Nevertheless, it is worth noting that only the post-infarction data or delta changes of LVEF are reported in most publications (see references 46-50 in revised manuscript). These data further support that Göttingen minipigs better mimic the human conditions since pre-infarction LVEF, scar size, post-infarction LVEF, and mortality all are comparable to these parameters found in humans (see the discussion section of the revised manuscript on pages 12-14).

According to the request of the Reviewer #4 we amended the text of discussion on page 14 as follows:

“Our present finding on baseline LVEF in Landrace swine is according to data reported by others in large swine. These values in large swine are smaller as compared to healthy human LVEF reference ranges (58-61%) and baseline (pre-infarction) values in Göttingen minipigs (55-73%). Nevertheless, it is worth noting that only the post-infarction data or delta changes of LVEF are reported in most publications.”

Line 327: should read "one animal"

Answer: Thank You, we made the changes.

Discussion
Line 442ff: The authors state, that "Göttingen minipig model reflects post-MI HF parameters comparable to humans. We conclude that the Göttingen minipig model is superior to the Landrace pig to follow up the development of post-MI HF". To my opinion this is not supported by the results presented. Cardiac output increases over time, so does CI, LVEF was 
already decreased at baseline for Landrace pigs. 

It is true that LVEF decreased in minipigs after MI, but this is not reflected in cardiac output. Were other parameters assed? Are there signs of diastolic heart failure? Elevated proBNP? Invasive pressure measurements before euthanizing the animals? ECG changes? The statement should therefore be rephrased or supporting data added to the results.

Even mentioned multiple times in the discussion, rapid growth rates in Landrace pigs makes comparison difficult. Increase in cardiac diameters, CO, and CI are therefore hard to interpret. This should be made clear in a limitation section. Further limitations should include that only MRI was used to quantify the effects, occlusion times and MRI times were different for the groups.

Answer: according to Your valuable suggestions we improved the discussion section (please see the new discussion section on pages 12-14 in revised manuscript).

Pros/Cons of the used protocol should be discussed.

According to the request of the Reviewer #4 we amended the text with a limitation section on page 15 as follows: 
“The current experiment was performed only in female pigs, therefore, the potential effect of the different sexes on post-MI HF remains unknown in these models.  Signs of HF were assessed by CMRI, according to recommendations of a recent guideline on the relevance of rigor and reproducibility in preclinical studies on cardioprotection. However, the use of more targeted angulation of CMRI imaging planes and more targeted sequence may result in better estimation of left atrial volumes, and pulmonary oedema. Although we haven’t measured biomarkers and histological signs of post-MI HF in this study, these models are suitable for analysis of any biomarkers since the availability of plasma and tissue samples. Due to the different susceptibility of the 2 breeds to ischemia/reperfusion injury, different durations of coronary occlusions were selected here that may although limit the comparison of the 2 models, however, by this approach we achieved similar infarct size. The follow-up time in the 2 breeds was different as in the Landrace pigs only 2 months follow up time can be achieved due to technical reasons, i.e. rapid increase in body weight that shows a major limitation of the Landrace model. A further limitation is the lack of different risk factors and comorbidities and thus the present large animal models do not completely mimic the clinical situation in terms of the presence of multiple risk factors including co-morbidities and their medications. However, currently, there are no established large animal models with multiple comorbidities for routine use. These large animal models cannot be powered for mortality analysis due to animal ethical reasons and the high cost of these studies.”

Line 480: "significantly" should be deleted in that context.

Answer: thank You, “significantly” was deleted. 
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