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A Forum discussing: 
Experimental Swine Models for Vascularized Composite Allotransplantation and Immunosuppression: A Systematic Review and Case Report of a Novel Heterotopic Hemifacial Swine Model
 by Knoedler L, Klimitz FJ, Huelsboemer L, Niederegger T, Schaschinger T, Knoedler S, Boroumand S, Brown S, Pomahac B and Kauke-Navarro M (2025). Transpl. Int. 38:14520. doi: 10.3389/ti.2025.14520


We read with great interest the recent article by Leonard Knoedler et al., titled “Experimental Swine Models for Vascularized Composite Allotransplantation and Immunosuppression: A Systematic Review and Case Report of a Novel Heterotopic Hemifacial Swine Model”, which provides a thorough overview of the current strategies for VCA studies in swine. We commend the authors for their comprehensive synthesis of recent advancements in this evolving field and their description of a novel heterotopic partial face transplant model in this species. Experimental VCA models for immunological studies must incorporate the essential components of VCA, and the innovative hemifacial model aligns well with that requirement. Of particular interest, the design conveniently includes mucosal tissue. It presents anatomical features that allow for the integration of vascularized bone marrow, an element shown to be relevant in tolerance induction studies through the establishment of mixed hematopoietic chimerism [1]. Furthermore, porcine models are especially valuable: while nonhuman primates remain a cornerstone for certain translational endpoints, their use is constrained by cost, ethical considerations, and regulatory restrictions. They are therefore most critical at the final stage of translational research, typically after compiling strong data from small animal and swine studies. Pigs offer anatomical and physiological similarities to humans, facilitating surgical refinement, preservation protocol optimization, and immunologic studies. Importantly, experimental studies in whole-eye transplantation must be ethically justified by their potential to advance vision restoration, and should adhere to established animal welfare frameworks [2] as well as recent field-specific ethical analyses [3]. At the same time, heterotopic replantation studies, although not directly assessing visual restoration, can provide critical insights into ex vivo preservation strategies and graft viability, which are indispensable steps toward making functional WET a clinical reality, while also informing the design of future orthotopic models that impose a higher experimental burden on the recipient animal.
Among the diverse spectrum of VCAs, a new entity has emerged: whole-eye transplantation (WET). This groundbreaking procedure was first performed by Rodriguez et al. at NYU [4, 5] as part of a face VCA, aiming for morphological restoration in a patient who had sustained a severe facial injury with loss of the left eye. This groundbreaking achievement has renewed hope for patients with ocular blindness by demonstrating the technical feasibility of whole-eye transplantation, albeit without vision restoration to date. It has also underscored the need for extensive preclinical research to optimize key aspects such as graft preservation, nerve coaptation, and immunosuppressive strategies. In parallel, it has stimulated renewed interest in WET research, building on earlier work already undertaken in several animal models, including orthotopic replantation experiments in rodents [6], as well as human anatomical studies [7–9]. The porcine whole eye vascularized composite allotransplant model has been described [10, 11] and presents several distinct anatomical advantages. It includes the eyeball, palpébra, lacrimal gland, and intraorbital content. Notably, the absence of a lateral orbital wall [12] allows for a vascular configuration that is particularly favorable for procurement and experimental manipulation. The facial vein, originating from the frontal vein and forming part of the external jugular vein system, shares a communicating branch with the ophthalmic vein. On the arterial side, the ophthalmic artery maintains a direct communicating branch with the external carotid system, allowing the arterial pedicle of the WET to be dissected from the ophthalmic artery proximally to the external and common carotid arteries in the neck. This feature facilitates ex vivo experiments and transplantation studies, enabling WET procurement solely via the external carotid artery and jugular veins without intracranial dissection (Figure 1). Our group has recently refined and adapted this porcine model for ex vivo machine perfusion studies [13] and confirmed that these anatomical features are consistent across different pig strains, including Yucatan, Yorkshire, and common commercial breeds (unpublished data). Notably, the WET unit can also be combined with other facial components into chimeric composite flaps, including the ear and additional facial subunits.
[image: Illustration of a pig with a labeled cross-section focusing on the eye area. A dotted line leads to a detailed view of the whole eye composite allograft, showing internal and external carotid systems.]FIGURE 1 | Whole eye transplantation model in the pig.Non–skin-bearing VCA models, such as uterine [14] and laryngeal [15] transplantation in swine, have also been developed, offering valuable insights into surgical training, preservation strategies, and immunosuppression. However, these models lie beyond the scope of the present discussion. As WET represents an even more complex and sensitive category of VCA that has only recently emerged in clinical practice, it fully fits within the VCA domain. While it holds remarkable translational promise, substantial work remains to address its unique anatomical, immunological, and neurophysiological challenges.
In conclusion, incorporating WET models into future VCA studies will be essential to tackle key hurdles, including immunological compatibility, preservation strategies, and restoration of function. Fostering close collaboration among microsurgeons, transplant immunologists, and neuroscientists will be critical to accelerating the translation of experimental advances into effective clinical protocols for WET, and VCA more broadly.
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