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1. INTRODUCTION 
In 2000, the International Society for Heart and Lung Transplantation (ISHLT) issued its first consensus on 
xenotransplantation, cautioning that thoracic organ xenotransplantation was not yet ready for human trials. 
Significant immunologic barriers, infection concerns, and ethical considerations demanded more research before 
clinical application could be contemplated. Two decades of scientific progress — in genetic engineering of donor 
pigs, immunosuppressive strategies, organ preservation, and preclinical non-human primate models — have 
brought the field to an inflection point. Two genetically modified pig-to-human heart transplants have been 
performed, revealing both the promise and the complexities of this frontier. 

The 2026 ISHLT Consensus Statement on Clinical Cardiac Xenotransplantation1 distills current knowledge 
into a pragmatic blueprint that reviews the pilot cases and their learnings, ascertains clinical trial readiness and 
the successes necessary to pursue such a pathway, and the infrastructure and technological readiness needed 
to responsibly advance the field. This perspective summarizes the most critical guidance from that statement, 
offering an accessible entry point for clinicians, researchers, and regulatory stakeholders. 

2. TOP TAKEAWAYS   
• Preclinical Evidence Threshold – Before human trials can be recommended, we require data from at least 

5–10 non-human primate models across multiple centers, each demonstrating ≥6 months of survival with 
normal xenograft function achieved on stable maintenance immunosuppression.  

• Initial Clinical Candidates – We recommend that individual ‘expanded access’ cases should continue to be 
brought forward to contribute to the clinical experience in an ethical and careful manner. In such cases, adults 
ineligible for durable mechanical circulatory support or allotransplantation, and infants/children with complex 
congenital heart disease lacking other options could serve as suitable initial candidates. Initial recipients 
should have low anti-donor porcine antibody levels (at a minimum a negative complement-dependent cyto
toxicity crossmatch and no more than low-level anti-donor IgG or IgM by Flow cross match). 
If results of ‘compassionate’ initial experiences meet thresholds for success, a pivotal/pilot trial in ‘destination’ 
patients may be considered. The patients suitable for such initial and pivotal experiences could include the 
elderly (e.g. > 75 years), highly sensitized individuals with or without an artificial heart pump option, those with 
cancer of recent onset but currently with no evidence of active disease, individuals with tropical cardio
myopathies, amyloidosis unable to receive immunoablative therapy (but without severe non-cardiac organ 
dysfunction), those with severe restrictive cardiomyopathy and small chamber size who are unable to be 
supported with mechanical circulatory support. Additionally, infants after a Norwood procedure and those 
with complex congenital heart disease without other options could be considered.  

• Source Pig Genetic Modifications – At minimum: deletion of αGal, Neu5Gc, and Sda antigens; expression of 
human complement and coagulation regulatory proteins. Consider anti-inflammatory and immune-modulatory 
transgenes for added protection.  

• Organ Size Matching – Use imaging (CT or echocardiography) to ensure adequate donor organ size. Stroke 
volume estimation is a reliable surrogate when echocardiographic imaging is poor.  

• Organ Recovery and Preservation – In adults, employ hypothermic oxygenated continuous perfusion with 
Steen solution to reduce early dysfunction. Alternative solutions and preservation methods remain under 
investigation, especially for pediatric use.  

• Intraoperative and Immediate Postoperative Management – Avoid proarrhythmic catecholamines; use 
prophylactic antiarrhythmics. Maintain strict electrolyte control and manage blood pressure to prevent hy
pertrophy. Minimize transfusions unless screened for low anti-pig antibody content. 
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• Immunosuppression Strategy – Perioperative T- and B-cell depletion plus complement inhibition for all 
cases. Incorporate costimulation blockade (anti-CD40 or anti-CD154) alongside steroids, calcineurin inhibitor, 
and mycophenolate mofetil. Use proliferation signal inhibitors if hypertrophy develops. 

• Immunologic Surveillance – Regular endomyocardial biopsies, negative crossmatch against donor phe
notype, and antibody monitoring are essential. Consider experimental biomarkers (e.g., porcine cell-free 
DNA, troponin trends) as adjuncts.  

• Infectious Disease Risk Mitigation – Exclude zoonotic and xenozoonotic pathogens from breeding herds. 
Prefer PERV-C negative donors and screen for microchimerism. Maintain validated, sensitive assays for 
porcine-specific viruses in both donors and recipients. 

3. CONCLUSION 
The 2026 ISHLT consensus marks a pivotal transition from theoretical readiness to structured, measured clinical 
application in cardiac xenotransplantation. The outlined recommendations balance innovation with patient safety, 
providing a roadmap for early pilot cases, regulatory engagement, and eventual trial-scale deployment. 

While many scientific, immunologic, and ethical questions remain, the field now stands on a foundation built 
by two decades of rigorous research and cautious clinical forays. By adhering to these principles, the 
transplantation community can responsibly expand the donor organ pool and offer life-saving options to patients 
who would otherwise have none. 
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