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Abstract

Background 
[bookmark: _Hlk137974405]Although many cardioprotective therapies and strategies have been shown to limit infarct size (IS) in pre-clinical animal studies of acute myocardial ischemia/reperfusion injury (IRI), their translation into the clinical setting for patient benefit has been disappointing. A contributing factor to this translational failure is the lack of rigor and reproducibility of the preclinical studies. To address this, we have established the IMproving Preclinical Assessment of Cardioprotective Therapies (IMPACT) small animal multisite acute myocardial infarction (AMI) network with centralized randomization and blinded core laboratory IS analysis and have validated our network with the endogenous cardioprotective strategy of ischemic preconditioning (IPC).

Methods and Results
Seven sites in the COST Innovators Grant (IG16225) network participated in the IMPACT multisite AMI network. Using a centrally generated randomization list, mice and rats were allocated to the control (N=48 mice, N=39 rats) or IPC (N=42 mice, N=36 rats) treatment groups. The control IRI group comprised 45 min (mice) or 30 min (rat) left coronary artery (LCA) occlusion followed by 24h reperfusion. IPC comprised 3 x 5-min alternating cycles of occlusion/reperfusion prior to IRI. IS was determined by a centralized blinded core laboratory. The size of the area-at-risk (AAR) was heterogenous in mice but not among rat sites. Although not all sites showed significant cardioprotection with IPC, the pooled analysis of the five mouse sites showed that IPC significantly reduced IS/AAR by 35% compared with the control (30±16% versus 46±13%; p<0.005), while in the pooled analysis of the four rat sites, IPC significantly reduced IS/AAR by 29% when compared to control (32±19% versus 45±14%; p<0.01). 
 
Conclusion 
We have established new IMPACT multisite mice and rats AMI networks with centralized randomization and centralized blinded core laboratory analysis of IS and have demonstrated cardioprotection by IPC. The evaluation of novel cardioprotective therapies in this network may help to increase the reproducibility of cardioprotection studies and the likelihood of translating them into the clinic for patient benefit. However, further studies are needed to take into account the presence of factors such as comorbidities/comedications which are known to confound cardioprotection and may also impact on clinical translation.

Keywords: Ischemic preconditioning; ischemia/reperfusion injury; randomized controlled trial; acute myocardial infarction; multisite network; small animal models.


1. Introduction

Acute myocardial infarction (AMI) and the subsequent heart failure (HF) that often follows are among the leading causes of death and disability in Europe and worldwide. As such, new treatments are needed to reduce myocardial infarct size (termed ‘cardioprotection’), preserve cardiac function, and prevent the onset of HF. Although many therapies have been reported to reduce myocardial infarct size (IS) in preclinical animal acute myocardial ischemia/reperfusion injury (IRI) studies, their translation into the clinical setting for patient benefit has been disappointing [3, 4, 6-8] 
A primary obstacle to translating cardioprotective therapies and strategies into clinical practice has been the lack of systematic and robust preclinical evaluation before embarking on clinical testing. Indeed, recent meta-analyses of preclinical studies showed large heterogeneity in the quality of study design and reporting [2, 15]. Moreover, one of these meta-analyses showed a discrepancy between the meta-analysis and a three-center in vivo study [15]. These results underscore the need for randomized controlled multicenter preclinical studies in cardioprotection. To address this, the EU-CARDIOPROTECTION COST Action (CA16225), a network of cardioprotection researchers, has published guidelines aimed at improving the reliability and rigor of preclinical cardioprotection studies [1]  and have also introduced the IMproving Preclinical Assessment of Cardioprotective Therapies (IMPACT) criteria, a detailed step-by-step framework aimed at improving the success of translating cardioprotection from pre-clinical animal studies into the clinical setting for patient benefit [12]. One key component of the IMPACT criteria includes evaluating the novel cardioprotective therapy in a small animal AMI network of research centers.
In this study, we have established new mice and rat AMI multisite networks to improve the pre-clinical evaluation of novel cardioprotective therapies in order to advance the clinical translation of cardioprotection and ensure that only the most effective treatments are tested in patients. Due to the lack of a positive control pharmacological agent that has been shown to reduce infarct size in large cohort of patients, we utilized ischemic preconditioning (IPC) [13], a well-established endogenous cardioprotective strategy induced by repeated brief mechanical occlusion and reperfusion of the coronary artery prior to the acute myocardial infarction, to validate our small animal AMI networks. 

2. Methods

2.1. The IMPACT small animal network
The IMPACT small animal network was centrally coordinated by an IMPACT working group comprising: (1) the principal investigator (PI) and team members from each of the participating sites who performed the IRI studies; (2) the IMPACT Image Analysis Core Lab (IACL), which performed the centralized core laboratory IS analysis (Latvian Institute of Organic Synthesis, Riga, Latvia); (3) the IMPACT statistical core (Duke-NUS/NHCS, Singapore) who provided the randomization lists to the sites and undertook all the statistical analyses; and (4) external advisors, who were not participants in the network and provided advice to the network.
[bookmark: _Hlk151292825]	Prior to beginning the studies for the IMPACT network, each site underwent rigorous quality control assessment of their infarct images by the IMPACT IACL, with individual feedback provided to each site for optimization of the infarct images. Only those sites that passed the quality control process went on to perform the IRI studies for the IMPACT network. Seven sites in the IG16225 network that agreed to participate in the IMPACT small animal multisite AMI network passed the quality control process and participated in the AMI network studies as follows: 

Mice-sites (M-S): M-Site 1 - University of Szeged and Pharmahungary Group (Hungary); M-Site 2 - University of Cambridge (Cambridge, UK); M-Site 3 - Vall’Hebron Institut de Recerca (VHIR) (Barcelona, Spain); M-Site 4 - Duke-NUS and NHCS (Singapore); and M-Site 5 - National and Kapodistrian University of Athens (Athens, Greece).
	
Rats-sites (R-S): R-Site 1 - Semmelweis University and Pharmahungary Group (Budapest, Hungary); R-Site 2 - Duke-NUS and NHCS (Singapore); R-Site 3 at the Latvian Institute of Organic Synthesis (Riga, Latvia); and R-Site 4 - Centre of Postgraduate Medical Education (Warsaw, Poland).

All the participating sites had previously established the mice and/or rat IRI model in their respective laboratories.

2.2. Animals
All experimental protocols conformed to the EU directive 2010/63EU on the protection of animals used for scientific purposes and the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines [14]. The experimental protocols were formally approved by the appropriate national or institutional ethics committees, underscoring our adherence to ethical scientific practices and commitment to the highest standards of reproducibility and transparency.
Male C57BL/6J or C57BL/6N mice (aged 8-14 weeks, body weight ~23-30 g) were kept in specific pathogen-free conditions with unrestricted access to food and water according to local husbandry conditions at each site (Table S1). Male Sprague-Dawley and Wistar rats, aged 8-12 weeks and weighing between ~230-300g, were kept with unrestricted access to food and water according to local husbandry conditions at each site (Table S2). 

2.3. IMPACT small animal study protocol
The IMPACT working group drafted the study protocols in which both mice and rats were randomized to one of the following groups according to the centralized randomization list provided by the IMPACT statistical core: (1) Control IRI; and (2) IPC. In the control IRI protocol, mice underwent 45 min and rats underwent 30 min of left coronary artery (LCA) ischemia, each followed by 24 h of reperfusion. In the IPC protocol, both mice and rats underwent three cycles of 5 min of LCA ischemia, interspersed with 5 min reperfusion, immediately before the index IRI. After 24 h of reperfusion, the IS and area-at-risk (AAR) ratio was assessed (Fig. 1).	
Predefined exclusion criteria included: failure to induce ischemia with LCA ligation, failure of reperfusion following removal of occlusion, damage to the LCA during needle insertion or occlusion and reperfusion, ventilation problems during surgery, and uncontrolled bleeding. For details of the preoperative preparation procedure, surgical procedure, postsurgical care and analgesia, and measurement of IS at each of the sites please see Tables S3-S8. 

[bookmark: _Hlk151295247]2.4. Central measurement of infarct size by the IMPACT Image Analysis Core Lab 
The IMPACT IACL analyzed the infarct images from all sites in a blinded fashion using computerized planimetry with Image-Pro Plus version 6.3 (Media Cybernetics). The laboratory measured the IS as the non-TTC-stained area within the left ventricle (LV) AAR and calculated the AAR as the total LV region unstained by Evans blue (EB). Additionally, non-AAR was determined by the EB-stained region and viable myocardium by the TTC-stained area within the AAR. The primary study outcome was the IS/AAR ratio, presented as a percentage of LV. The exclusion criteria for image analysis included an IS/AAR ratio of ≥90% or <10% for IRI-affected hearts or an AAR/LV ratio of <10%.

2.5. Central randomization and statistical analyses by the IMPACT Statistics Core
The IMPACT Statistics Core provided the central randomization list to each site, performed data unblinding following completion of all IRI studies and undertook the statistical analysis for all the IRI studies. A sequence of treatments (Control and IPC) randomly permuted was generated for each center and a central randomization list was provided to each site for 24 animals (N=12 Control, N=12 IPC) to allow for exclusions and mortality. Myocardial AAR, IS and IS/AAR were analyzed separately. Data were tested for normal distribution using the Shapiro-Wilk test. The myocardial AAR, IS, and the ratio of IS/AAR were analyzed using the Wilcoxon rank-sum test and pooled data analysis using two-way ANOVA in STATA version 18. Statistical significance was set at p<0.05. 

3. Results

3.1. Study exclusions
Details of animal exclusions based on predefined criteria and mortality are listed in supplementary Tables S9 and S10.

3.2. Cardioprotective efficacy of IPC in IMPACT Mice AMI network
In the pooled analysis of 5 sites there were no significant differences in AAR/LV% between the control and IPC groups (42±17% vs. 43±15%, respectively; p=ns; Fig. 2A) However, there were significant differences in AAR/LV% between sites (P<0.001). IPC significantly reduced IS/AAR% by 35% when compared to control group (30±16% vs. 46±13%, respectively; p<0.005; Fig. 2B). Evaluation of IS/AAR% from the individual sites, 3 sites (M-Sites 2, 3 and 5) showed significant cardioprotection with IPC, with one site (M-Site 4) showing a non-significant reduction in IS, and one site (M-Site 1) failing to show IS reduction with IPC (Fig. 4).  

3.3. Cardioprotective efficacy of IPC in IMPACT Rat AMI network
In the pooled analysis of 4 sites there were no significant differences in AAR/LV% between Control and IPC groups (41±11% vs. 39±9%; p=ns; Fig. 3A). IPC was shown to significantly reduce IS/AAR% by 29% when compared to control group in the pooled analysis of 4 sites (32±19% vs. 45±14%, respectively; P<0.01; Fig. 3B). Evaluation of IS/AAR% from the individual sites, 3 sites (R-Sites 1-3) showed significant cardioprotection with IPC, with one site (R-Site 4) failing to show IS reduction with IPC (Fig. 5).  

4. Discussion
In this study, we have successfully established mice and rat multisite AMI networks for evaluating the efficacy of novel cardioprotective therapies using centralized randomization and centralized blinded core lab analysis of IS, which should result in improved reliability and reproducibility of preclinical cardioprotection studies. We have demonstrated significant reductions in IS with the established endogenous cardioprotection strategy of IPC [5, 9] when compared to control thereby validating these two small animal AMI networks for testing novel cardioprotective therapies. 
This study advances cardioprotection research with the application of a multisite randomized controlled trial design (usually reserved for multicenter clinical trials) to a pre-clinical animal AMI protocol, with: (1) centralized randomization and statistical analysis; (2) rigorous quality control in site selection based on optimization of IS images; (3) centralized and blinded core laboratory IS analysis; and (4) application of a standardized scientific protocol across 8 different sites with pre-defined exclusion criteria.
According to the step-by-step IMPACT criteria for improving the preclinical assessment of the promising cardioprotective interventions prior to their clinical evaluation, once the efficacy of the cardioprotective intervention has been demonstrated in a single-center, small animal IRI model, one should consider testing the intervention in a multicenter validation study in a minimum of 3 centers in at least one species (typically rat or mouse) [12]). The intention would be to validate study reproducibility using a network of research centers working in partnership to undertake small animal IRI studies to evaluate the cardioprotective intervention in a blinded fashion using standardized protocols and centralized core lab analysis of IS. In this regard, the IMPACT mice and rat AMI networks which have been established in this study would be suitable for this purpose. 
The concept of a multicenter network of centers for undertaking in vivo preclinical evaluation of novel cardioprotective interventions was first tested in the National Heart, Lung, and Blood Institute (NHLBI)-funded, Consortium for preclinicAl assESsment of cARdioprotective interventions (CAESAR) research network of only 3 sites with capabilities for performing acute myocardial IRI studies in mice, rabbits, and pigs [2, 25, 30,34]. Although the CAESAR consortium managed to demonstrate cardioprotection with IPC [10], it failed to reproduce cardioprotection with pharmacological agents which had been previously shown to be cardioprotective in single-site studies such as nitrite and sildenafil [11]. Due to lack of funding the CAESAR consortium is no longer functioning, but it did succeed in demonstrating the utility of a multicenter network for evaluating reproducibility of novel cardioprotective interventions. 
Our IMPACT mice and rat AMI networks established in the current study, differ from the CAESAR consortium in several important areas. The IMPACT AMI network had a larger number of participating sites with 7 sites undertaking mice and/or rats AMI, compared to only 3 sites in the CAESAR consortium undertaking mice, rabbit and pig AMI. In addition, the CAESAR consortium enforced a strict approach to standardization which extended to the animal husbandry protocols (e.g. with the animal diets and housing conditions), whereas in the IMPACT AMI networks we only standardized the IRI protocols and did not standardize animal diets or housing conditions. The effectiveness of novel cardioprotective treatments in preclinical research is influenced by a variety of factors including housing conditions, diet, sex, age, sedation and anesthesia protocols. Within the framework of the IMPACT consortium, critical variables such as sex, age, ischemia time, reperfusion time and IPC protocol were standardized to maintain consistency. Despite variations in rodent strains, housing, diet, and sedation/anesthetic regimens across the seven participating sites, our analysis indicates that these factors did not significantly affect study outcomes, underscoring the robustness of the cardioprotective responses to IPC observed in rodent models of AMI. 
It is important to note that AAR had marked differences between the mice sites, but not the rat sites. Mortality rates were also different between sites, from 0% to 40%. The mortality rate for mice randomized to IPC was relatively high compared to the other mice sites at M-Site 1. Results of one mouse site (M-Site 1) and one rat site (R-site 4) did not demonstrate cardioprotection with IPC when compared to control, illustrating the limitations in reproducibility of cardioprotection studies despite strict quality control. The reason for this could not be identified by the available data, but differences in animal strains, size of AAR, the IRI protocol, mortality rate, the anesthesia or analgesia regimens may explain the difference (PMID: 36943315, PMID: 32297702). However, despite some sites not demonstrating cardioprotection with IPC there was a significant reduction in IS with IPC in the pooled analyses, underscoring the value of the multicenter network approach in this field. Although there is no positive control drug that can reproducibly reduce infarct size when administered at reperfusion, we believe that IPC can be used as a positive control intervention to demonstrate cardioprotection. However, the limitations are that the actual mechanisms of IPC-induced protection are not known, other non-IPC-related cardioprotective mechanisms exist, and that the IPC intervention is applied prior to coronary artery occlusion and is not clinically relevant to cardioprotection in AMI patients.  
The determination of potential confounding factors in the evaluation of cardioprotective interventions should be guided by the intervention mechanism as well as the resources and facilities at hand. It is advisable for researchers account for variables such as sex, age, prevalent metabolic conditions (e.g., diabetes, hypercholesterolemia), and comedications as recommended by recent guidelines and the IMPACT criteria for improving the reliability and reproducibility in the pre-clinical evaluation of novel cardioprotective therapies [3]. 
In summary, this study affirms the functionality and effectiveness of the IMPACT network in improving the reproducibility of preclinical evaluation of novel cardioprotective therapies. Our findings provide the foundation for the construction of a robust preclinical consortium. Critically, we share IMPACT protocols and comprehensive, cutting-edge methodologies for precise and consistent IS quantification in various animal models, which can be integrated into research protocols globally. Our work elucidates the crucial role of frameworks like IMPACT in achieving uniformity across studies and underscores the need for meticulous adherence to standardized procedures in different research settings.
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Figure 1 Overview of the experimental protocol used in the IMPACT small animal acute myocardial infarction networks. 
For both (A) mice and (B) rats, myocardial infarct size (IS) and the area-at-risk (AAR) were quantified using dual staining of triphenyl tetrazolium chloride (TTC) and Evans blue (EB). The staining process was conducted after 24 h reperfusion following IPC and occlusion of the left coronary artery (LCA). Ischemic preconditioning, IPC; left coronary artery, LCA; Buprenorphine, BP; area-at-risk, AAR; infarct size, IS.
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Figure 2. Pooled analysis of area-at-risk and infarct size in mice hearts
(A) Pooled analysis of mean area-at-risk/left ventricle volume (AAR/LV%) showed no significant difference between control and IPC (p=not significant [ns]). 
(B) Pooled analysis of mean infarct size/area-at-risk (IS/AAR%) showed IPC significantly reducing IS/AAR% when compared to control (***p<0.005). 
(C) Representative images of myocardial tissue sections dual staining by Evans blue and triphenyl tetrazolium staining from the control and IPC groups showing areas of infarction (white), non-infarcted area-at-risk (red) and non-area-at-risk (blue). ‘Front’ and 'Back' labels refer to the orientation of the tissue sections. 
Results are presented as mean ± SD, with significance levels indicated; p=non-significant; ***p<0.005 vs. Control group, Wilcoxon rank.
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Figure 3. Pooled analysis of area-at-risk and infarct size in rat hearts
(A) Pooled analysis of mean area-at-risk/left ventricle volume (AAR/LV%) showed no significant difference between control and IPC. 
(B) Pooled analysis of mean infarct size/area-at-risk (IS/AAR%) showed IPC significantly reducing IS/AAR% when compared to control.
(C) Representative images of myocardial tissue sections dual staining by Evans blue and triphenyl tetrazolium staining from the control and IPC groups showing areas of infarction (white), non-infarcted area-at-risk (red) and non-area-at-risk (blue). ‘Front’ and 'Back' labels refer to the orientation of the tissue sections. 
Results are presented as mean ± SD, with significance levels indicated; p=non-significant [ns]; **p<0.01 vs. Control group, Wilcoxon rank.
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Figure 4. Site-specific analysis of area-at-risk and infarct size in mice hearts
(A) Site-specific analysis of mean infarct size/area-at-risk (IS/AAR%) showed IPC significantly reducing IS/AAR% when compared to control. 
(B) Site-specific analysis of mean area-at-risk/left ventricle volume (AAR/LV%) showed no significant difference between control and IPC at each site. However, there were significant differences in AAR/LV% in both control and IPC between the sites (p<0.001 ANOVA).   
Results are presented as mean ± SD, with significance levels indicated; *p<0.05, **p<0.01 ***p<0.005 vs. Control group, Wilcoxon rank.
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Figure 5. Site-specific analysis of area-at-risk and infarct size in rat hearts
(A) Site-specific analysis of mean infarct size/area-at-risk (IS/AAR%) showed IPC significantly reducing IS/AAR% when compared to control. 
(B) Site-specific analysis of mean area-at-risk/left ventricle volume (AAR/LV%) showed no significant differences between control and IPC at each site or between sites.  
Results are presented as mean ± SD, with significance levels indicated; *p<0.05, **p<0.01 ***p<0.005 vs. Control group, Wilcoxon rank.







Supplementary Tables

Table S1. Comparative overview of mice, housing conditions and dietary protocols across different study sites.
	
	Mouse weight and age during the experiment
	Mouse strain
	Breeder
	Chow,
Producer
	Contain soya
	Reversed light-dark cycle

	M-Site 1
	23-29 g, 11-12-week old
	C57Bl/6N
	Charles - River
	SAFE® 132, OSAFE
	Y
	N

	M-Site 2
	25-30 g, 12-14-week old
	C57Bl/6J
	Charles - River
	R105-25, SAFE®
	N
	N

	M-Site 3
	25-30 g, 12-14-week old
	C57Bl/6N
	Janvier Labs
	SAFE® 150, OSAFE
	N
	N

	M-Site 4
	24-28 g, 8-10-week old
	C57Bl/6J
	InVivos
	Irradiated Mouse diet (SF00-100)
	Y
	N

	M-Site 5
	~25 g, 12-14-week old
	C57Bl/6J
	Inhouse Breeding
	Mucedola 4RF22, Mucedola
	Y
	N




































Table S2. Comparative overview of rats, housing conditions and dietary protocols across different study sites.
	
	Rat weight and age during the experiment
	Rat 
strain
	Breeder
	Chow,
Producer
	Contain soya
	Reversed light-dark cycle

	R-Site 1
	238-295 g, 8-10-week old
	Wistar
	Toxicoop
	Rat/Mouse Maintenance chow Sniff
	Y
	N

	R-Site 2
	250 -300 g, 8-10-week old
	Sprague-Dawley
	InVivos
	Irradiated Rat diet (SF00-100)
	Y
	N

	R-Site 3
	250-300 g, 8-14-week old
	Wistar
	Envigo
	R70 diet Lantmännen
	N
	N

	R-Site 4
	240-280 g, 8-10-week old
	Wistar
	Medical University of Bialystok
	Standard diet
	N
	Y








































Table S3. Anesthetic protocols and ventilation parameters across different sites in mice.

	
	Premedication
	Anesthesia
	Ventilation parameters
	
Used gas


	M-Site 1
	Buprenorphine 0.05 mg/Kg SC, 10 min before surgery
	Isoflurane, 5% induction
1.5-2% maintenance
	Volume controlled
RR, 120-150 strokes/min TV, 100-240 µl
	20% oxygen

	M-Site 2
	Buprenorphine 0.05 mg/Kg SC, 10 min before surgery
	Ketamine, 100 mg/Kg, IP
Xylazine, 10 mg/Kg, IP
Isoflurane
	Volume controlled
RR, 120-150 breath/min
TV, 100-240 µl
	20% oxygen

	M-Site 3
	None
	Pentobarbital, 40 mg/Kg, IP
Ketamine, 50mg/Kg IP
1/3 of the initial dose in needed.

	Volume controlled
RR, 133 breath/min
TV, 180 µl
PEEP 3 mbar
	20% oxygen

	M-Site 4
	Buprenorphine 0.5 mg/Kg SC 10 min before surgery
	Ketamine, 65 mg/Kg, IP
Xylazine, 13 mg/Kg, IP
Isoflurane, 0.5%
	RR, 140 breath/min
TV, 160 µl
1% sigh
Breath 20 cmH2O
	Air

	M-Site 5
	Buprenorphine 0.075 mg/Kg SC, 10 min before surgery
	Ketamine, 65 mg/Kg, IP
Xylazine, 20 mg/Kg, IP

	Volume controlled
RR, 200 breath/min
TV, 250 µl
	Air


Subcutaneous, SC; intraperitoneal, IP; respiratory rate, RR; tidal volume, TV.

























Table S4. Anesthetic protocols and ventilation parameters across different sites in rats.

	
	Premedication
	Anesthesia
	Ventilation parameters
	
Used gas


	R-Site 1
	Buprenorphine 0.05 mg/Kg SC, 15 min before surgery
	Pentobarbital, 60 mg/Kg IP
	Volume controlled
RR, 74-78 strokes/min 
TV, 1.47-1.78 ml
	Air

	R-Site 2
	Buprenorphine 0.05 – 0.1 mg/Kg SC, 10 min before surgery
	Ketamine, 80-100 mg/Kg, IP
Xylazine, 10-20 mg/Kg, IP
Isoflurane, 0.5 - 2%
	Volume controlled
RR, 60 breath/min
TV, 3 ml
1% sigh
Breath 20 cmH2O
	Air

	R-Site 3
	Atropine, 0.05 mg/Kg, Benzylpenicillin,150 mg/Kg, Buprenorphine, 0.05 mg/Kg SC,
30 min prior to LAD ligation
	Ketamine, 100 mg/Kg, IP
Ketamine, 10mg/Kg, IP
Ketamine, 50 mg/Kg, IP (extra if needed)

	Volume controlled
RR, 55 strokes/min
TV, 1.5 ml/100 g animal

	Air

	R-Site 4
	None
	Ketamine, 100 mg/Kg, IP
Xylazine, 10 mg/Kg, IP
Isoflurane, 0.5%
	Volume controlled
RR, 65 strokes/min
TV, 4.5-5.0 ml

	Air


Subcutaneous, SC; intraperitoneal, IP; respiratory rate, RR; tidal volume, TV.


























Table S5. Comparative overview of surgical techniques across different sites in mice.

	
	Surgery
	Parameters monitored during surgery
	Suture type for occlusion
	Analgesia

	M-Site 1
	Thoracotomy by cutting one rib and intercostal muscles 
	ECG, body temperature
	8-0 Prolene 
(polypropylene)
	Buprenorphine 0.05 mg/Kg SC

	M-Site 2
	Thoracotomy involving the dissection of intercostal muscles
	ECG, PiP/PEEP, body temperature
	7-0 prolene, 6.5mm needle, 1/2 circle
	Buprenorphine 0.05 mg/Kg SC

	M-Site 3
	Thoracotomy involving the dissection of intercostal muscles
	ECG, body temperature
	6-0 braided, 9.3mm needle, 3/8 circle
	Buprenorphine 0.05 mg/Kg SC

	M-Site 4
	Thoracotomy involving the dissection of intercostal muscles
	ECG, body temperature, SpO2, controlled ventilation
	
7-0 silk, 9mm needle, 3/8 circle 
	Buprenorphine 0.05 mg/Kg SC

	M-Site 5
	Thoracotomy involving the dissection of intercostal muscles
	ECG, PiP/PEEP, body temperature 
	6-0 silk, 10mm needle
	Buprenorphine 0.075 mg/Kg SC 


Electrocardiogram, ECG; Subcutaneous, SC; peak inspiratory pressure, PiP; positive end expiratory pressure, PEEP. 





















Table S6. Comparative overview of surgical techniques across different sites in rats.

	
	Surgery
	Parameters monitored during surgery
	Suture type for occlusion
	Analgesia

	R-Site 1
	Thoracotomy involving the dissection of intercostal muscles
	ECG, body temperature
	5-0 Prolene 

	Buprenorphine 0.05 mg/Kg SC 

	R-Site 2
	Thoracotomy involving the dissection of intercostal muscles
	ECG, body temperature, SpO2, controlled ventilation
	6-0 silk
	Buprenorphine 0.05 mg/Kg SC 

	R-Site 3
	Thoracotomy involving the dissection of intercostal muscles
	ECG, body temperature
	5-0 monofilament  polypropylene,13mm needle, 1/2 circle
	Buprenorphine 0.05 mg/Kg SC

	R-Site 4
	Thoracotomy involving the dissection of intercostal muscles
	ECG, body temperature, controlled ventilation
	
5-0 monofilament  polypropylene 
	Buprenorphine 0.05 mg/Kg SC 


Electrocardiogram, ECG; Subcutaneous, SC.


























Table S7. Infarct staining details across different sites in mice.

	
	Euthanasia
	Area-at-risk, procedure


	M-Site 1
	Pentobarbital, 90 mg/Kg IP
	In vivo, delineation of non-ischemic myocardial tissue was achieved by administering EB dye via apical puncture into the left ventricle.

	M-Site 2
	Isoflurane 5%
	In vivo, delineation of non-ischemic myocardium by perfusing EB dye through the aorta.

	M-Site 3
	Pentobarbital, 100mg/Kg IP
	In vivo, delineation of non-ischemic myocardial tissue was achieved by administering EB dye via apical puncture into the left ventricle.

	M-Site 4
	Ketamine, 100 mg/Kg
Xylazine, 20 mg/Kg
	Ex vivo differentiation of non-ischemic myocardial regions by the perfusion of EB dye during aortic cannulation.

	M-Site 5
	Ketamine, 100 mg/Kg IP
Heparin 1000IU/Kg IP
and cervical dislocation
	Ex vivo differentiation of non-ischemic myocardial regions by the perfusion of EB dye during aortic cannulation.


Intraperitoneal, IP; Evans blue, EB.


































Table S8. Infarct staining details across different sites in rats.

	
	Euthanasia
	Area-at-risk, procedure


	R-Site 1
	Pentobarbital, 60 mg/Kg IP
	Ex vivo differentiation of non-ischemic myocardial region using the Langendorff system

	R-Site 2
	Ketamine, 100 mg/Kg IP
Xylazine, 20 mg/Kg IP
	Ex vivo differentiation of non-ischemic myocardial regions by the perfusion of EB dye during aortic cannulation.

	R-Site 3
	Pentobarbital, 100mg/Kg IP
Heparin 1000 IU/Kg IP
	Ex vivo differentiation of non-ischemic myocardial regions by the perfusion of EB dye during aortic cannulation.

	R-Site 4
	Ketamine, 100 mg/Kg IP
Xylazine, 10 mg/Kg IP
	Ex vivo differentiation of non-ischemic myocardial regions by the perfusion of EB dye during aortic cannulation.


Intraperitoneal, IP; Evans blue, EB.






































Table S9. Animal exclusions based on pre-defined criteria

	
	M-Site 1
	M-Site 2
	M-Site 3
	M-Site 4
	M-Site 5
	R-Site 1
	R-Site 2
	R-Site 3
	R-Site 4

	Control
	0
	0
	0
	0
	0
	0
	0
	0
	0

	IPC
	0
	0
	0
	0
	0
	1
	0
	1
	0

	Total
	0
	0
	0
	0
	0
	1
	0
	0
	0

















































Table S10. Mortality Rates.

	
	M-Site 1
	M-Site 2
	M-Site 3
	M-Site 4
	M-Site 5
	R-Site 1
	R-Site 2
	R-Site 3
	R-Site 4

	Control
	2
	0
	2
	0
	2
	3
	0
	3
	4

	IPC
	8
	0
	2
	0
	1
	3
	0
	3
	2

	Total
	10
	5*
	4
	0
	3
	3
	0
	6
	6



* Animal mortality occurred before their allocation to the experimental groups. 
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