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Dedication 
 
To honor those who heal, and the inventors of  machines and robots that made it possible to extend their reach
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Prologue
 
Prioritized  and well-documented, newsworthy or peer-reported “firsts,” and major innovations, and high-impact life-saving procedures done by the best surgeons,  professionals and robot systems in the medical world. Each entry includes a source you can use to seek details.
 
To the surgeons who dared to push beyond the known limits of medicine, your courage, precision, and relentless pursuit of healing have given humanity new horizons. 
 
This book is intended to honor every hand that guided the scalpel, and every machine that amplified the possibility of hope. To the surgeons who stand at the edge of possibility, where courage meets science, and steady hands rewrite what medicine can achieve, this book is written in honor of you. To the patients who placed their trust in innovation, and who will trust again for millennia, your bravery has carried the world forward. Reading this book may embolden others to trust the miracles you do selflessly.
 
To the da Vinci Surgical System, created by Intuitive Surgical, Inc., a marvel of human ingenuity, that transformed vision into precision, and precision into life, whose vision and accuracy have changed surgery forever. And to the machines that became silent partners in these miracles, and emerging robotic platforms that promise  more, from Versius by CMR Surgical to Hugo™ RAS by Medtronic.
 
Together, you represent a new era, where human compassion and robotic precision join hands to save lives. This work is a tribute  to all of you.
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CHAPTER ONE
 
3D-Printed Rib Cage and Sternum Reconstruction, 
University Hospital Zürich, Switzerland,  November 2024
 
 
Patient Presentation and Diagnosis
A 54-year-old male presented with persistent anterior chest pain, progressive shortness of breath, and swelling over the upper thorax. Imaging via CT and MRI revealed an extensive chondrosarcoma infiltrating the sternum and adjacent costal cartilage. Due to the tumor’s invasion into the ribs and central thoracic wall, standard resection with mesh reconstruction was deemed structurally inadequate.
 
A multidisciplinary board at University Hospital Zürich (USZ) , including thoracic surgery, biomedical engineering, and radiology ,  recommended a custom 3D-printed titanium rib cage and sternum replacement as the only curative and functional option.
 
It combines thoracic surgery, bio mechanical innovation, and additive manufacturing in a life-saving context. Involving custom titanium 3D-printed implants replacing the patient’s diseased rib cage and sternum following tumor resection, marking a new frontier in personalized skeletal reconstruction.
 
Surgical Procedure and Step List
 
	Preoperative Planning: High-resolution CT imaging data were converted into a 3D digital model of the thoracic cage. Engineers at USZ’s Additive Manufacturing Lab collaborated with surgeons to design a patient-specific titanium implant with precise curvature matching.

 
	3D Printing of Implant: The prosthesis was printed from medical-grade Ti6Al4V titanium alloy using electron beam melting (EBM) technology, ensuring porosity for bone integration.

 
	Tumor Resection: Under general anesthesia and with cardiothoracic standby, the surgical team performed an en bloc resection of the sternum and affected ribs, second to fifth bilaterally.

 
	Implant Placement: The 3D-printed sternorib complex was positioned, aligning perfectly with the resected margins. Titanium screws and surgical-grade cables anchored the prosthesis to residual ribs and clavicular ends.

 
	Soft Tissue Coverage: Bilateral pectoralis major muscle flaps were mobilized to cover the implant, reducing infection risk.

 
	Postoperative Ventilation and Recovery:  The patient was ventilated for 12 hours post-op, then successfully extubated.

 
Post-Surgery Recovery and Outcome
The patient recovered in the thoracic ICU for five days. Postoperative imaging confirmed perfect anatomic alignment and excellent structural integrity. The patient was ambulating by day 7 and discharged on day 14. Follow-up at 6 months showed full respiratory function and return to daily activity without prosthetic complication.
 
Patient Narrative
“I was told my chest bone was melting away from cancer,” he later shared in an interview with Swiss Health News. “I woke up with a new rib cage, made just for me. Breathing no longer hurts, and I can hold my grandchild again.” His resilience, coupled with the surgical team’s innovation, became symbolic of how engineering and human compassion can merge to rebuild what disease destroys.
 
Technical Sidebar: 
Additive Manufacturing in Thoracic Surgery. 3D printing for skeletal reconstruction represents a shift from templated prosthetics to biomechanically precise implants. In this case, CT-derived CAD models guided the creation of a porous titanium lattice, balancing rigidity with elasticity to mimic costal compliance.
 
Electron Beam Melting (EBM) allowed layered deposition of titanium powder fused at over 700°C, achieving micron-level accuracy. USZ engineers applied finite element analysis to simulate stress forces during respiration before fabrication.
 
Titanium’s bio inertness reduces immunogenic response and permits osteointegration,  properties validated in earlier mandibular and pelvic reconstructions. The Zurich team’s achievement underscores additive manufacturing’s readiness for high-load, dynamic structures like the rib cage.
 
Emerging Questions
 
	Can bioresorbable or hybrid polymer-titanium composites offer improved flexibility for thoracic motion?

	What are the long-term fatigue properties of 3D-printed metallic implants under continuous respiratory strain?

	Could AI-driven modeling further optimize implant geometry for patient-specific biomechanics?

 
 
Pearls & Pitfalls
 
Pearls:
 
	Preoperative digital modeling ensures exact geometric fit, eliminating intraoperative guesswork.

	Multidisciplinary coordination between engineers and surgeons is essential for safe integration.

	Porous titanium enhances tissue adherence and structural longevity.

 
Pitfalls:
 
	High fabrication cost and limited availability of certified bio printing facilities remain barriers.

	Infection control is critical, as metallic implants may complicate post-op imaging or MRI surveillance.

	Limited long-term data on fatigue performance in dynamic thoracic motion.

 
Future Significance
This case signifies the frontier of personalized skeletal reconstruction, where surgery and 3D engineering merge to restore anatomy once considered irreparable. The implications extend beyond oncology, into trauma, congenital deformities, and military medicine. Within the decade, modular, bioactive implants integrating stem cell–seeded scaffolds could replace static titanium models, turning mechanical solutions into living, regenerative systems.
 
Key Sources & References
	University Hospital Zürich Thoracic Surgery Department Press Release, Nov 2024: “Custom 3D-Printed Titanium Rib Cage Restores Function After Chondrosarcoma Resection.”

	Interview with Dr. Patrick Ziegler, Chief of Thoracic Surgery, Swiss Medical Tribune, Dec 2024.

	Jansen S. et al., European Journal of Cardiothoracic Surgery, 2024. “Additive Manufacturing of Rib and Sternum Prostheses: Design and Functional Validation.”

	Additive Manufacturing Lab (USZ & ETH Zurich) Technical Brief 2024.  “Electron Beam Melting for Large-Scale Biomechanical Implants.”

	Nature Biomedical Engineering (2023–2024),  review of 3D-printed skeletal prosthetics for thoracic oncology. 

	Post Surgery Recovery: Following the intricate implantation of the custom 3D-printed titanium sternum and rib cage, the 54-year-old male patient was extubated within 24 hours and mobilized gradually over the first postoperative week. Pain control was managed with regional anesthesia and non-opioid adjuncts, while respiratory physiotherapy was initiated early to prevent atelectasis. Radiologic assessments at 2 and 6 weeks demonstrated excellent alignment and osseointegration of the prosthesis, with no evidence of infection or mechanical failure. By the third month, the patient had resumed light physical activity and demonstrated full respiratory function on spirometry.

	Outcome Summary: The surgery was deemed a success both functionally and cosmetically. The 3D-printed rib cage achieved a near-perfect anatomical match, restoring thoracic stability and protection of vital organs. Follow-up CT imaging revealed proper integration with native bone and no migration of the implant. Clinically, the patient reported significant improvement in breathing capacity and reduction in chest pain compared to pre-surgical baseline. At the 6-month review, quality-of-life assessments scored above 90% on standardized thoracic reconstruction indices.

	Clinical Lessons Learned: This case highlighted the transformative potential of digital planning and 3D printing in thoracic reconstruction. The Zurich team emphasized the importance of preoperative virtual modeling to ensure exact contouring of the implant, particularly in complex anatomical curvatures. The hybrid use of titanium for rigidity and biocompatible polymer coatings for soft-tissue interface minimized postoperative complications. A major learning point was the necessity of a multi-disciplinary workflow, radiologists, biomedical engineers, and thoracic surgeons collaborating from design to implantation.

	Future Significance: This pioneering reconstruction reinforces how patient-specific 3D-printed implants can redefine the limits of surgical repair following traumatic or oncologic chest wall loss. As printing resolution, materials science, and bio-integration techniques advance, future iterations may incorporate vascularized scaffolds or partially biological composites capable of regenerating bone tissue. The Zürich case stands as a landmark in personalized surgical manufacturing, blurring the line between engineering and regenerative medicine, and offering new hope for patients with previously inoperable thoracic defects.

 
 
 
 
 
CHAPTER TWO
 
 
First fully robotic heart transplant in the United States March 15, 2025 (reported) 
Patient name: redacted
Hospital (main): Baylor St. Luke’s Medical Center / Baylor College of Medicine collaboration, (Houston)
 
Attending lead surgeon: Dr. Kenneth K. Liao , MD, Chief of Cardiothoracic Transplantation & Circulatory Support, Baylor College of Medicine (lead surgeon reported).
 
Country / district: USA, Houston, Texas
Date: March 15, 2025 (reported).
 
Short summary: A team led by Dr. Kenneth Liao performed a donor heart removal and implantation using a robotic platform that avoided a full sternotomy,  marking the first reported fully robotic heart transplant in the U.S. and a step toward less-invasive transplant surgeries.
 
Source: Fact-checking and news summaries (Snopes / ACS coverage). 
 
 
Sources (for Notes & References): Baylor College of Medicine press release / blog, Catholic Health World (CHAUSA) coverage, Baylor/St. Luke’s public material and institutional blog reporting.
 
Symptoms & Clinical Presentation
The patient was a middle-aged adult (reported age~45,  advanced, end-stage heart failure. He had been hospitalized for extended supportive care, including mechanical circulatory support at times, and had suffered prior neurologic complications, a stroke in 2022 was reported in public coverage.  
His cardiac function had deteriorated despite maximal medical therapy, leaving transplantation as the only durable option. The team selected a minimally invasive robotic approach in part because of the patient’s frailty and the goal of reducing chest-wall trauma and postoperative complications.
 
Diagnosis & Indication for Surgery
End-stage heart failure refractory to medical and device therapy, with prior comorbid neurologic events and prolonged hospitalization. Indication for surgery: Orthotopic heart transplantation was indicated to replace the failing native heart. Because the patient was debilitated and at higher risk for sternotomy-related complications (infection, prolonged ventilator dependence, impaired mobility), the team elected a fully robotic, minimally invasive orthotopic heart transplant to avoid median sternotomy and reduce physiologic stress.
 
Key Details of the Surgery & Method of Procedure Followed
 
	Approach: The team performed the transplant without a full midline sternotomy. Instead, surgeons used a small (4–5–inch) incision in the upper abdominal / preperitoneal region combined with multiple small intercostal ports for robotic arms and camera access. This corridor allowed removal of the native heart and implantation of the donor heart using robotic instruments and visualization.

	Robotic platform & technique: Public reporting identifies use of a multi-arm robotic surgical system (institutional robotic platform) with console operation by the lead surgeon; robotic arms performed dissection, vascular control and anastomoses adapted from standard orthotopic techniques. Ports between ribs provided instrument access; the small abdominal incision served as the principal extraction/implantation window.

	Intraoperative aims: Preserve chest wall integrity (avoid sternotomy), minimize blood loss and pulmonary compromise, and shorten rehabilitation time. Standard graft anastomoses (atria/vena cavae, aorta, pulmonary artery) were accomplished via the robotic field.

	Operative time & perioperative course: Public sources note this was a lengthy and complex operation but give no exhaustive minute-by-minute times for each stage. Cardiopulmonary bypass and reperfusion management were performed per transplant norms adapted to the minimally invasive setup.

 
Post-Surgery Recovery, Outcome & Current Status
	Immediate outcome: The patient recovered without major reported intro operative complications. He remained in hospital for a significant recovery period and was discharged approximately one month after surgery.

	Short-term recovery: Public updates indicate an improving functional trajectory: the patient resumed many daily activities and by later follow-ups had returned to driving and light exercise. No major graft failure or public reports of rejection were released in early follow-up.

	Current status: As of the most recent public institutional updates and coverage (within months after the operation), the transplant was considered successful and the patient was doing well in recovery. Long-term surveillance data have not been published publicly.

 
Patient Narrative (ethical & anonymized)
He’d already lived inside machines, pumps and monitors marking the beat of borrowed time, when the surgeons proposed something improbable, to replace the organ that had failed him without cleaving his chest open. Under lights that made every movement look monumental, robotic arms folded like metal surgeons around his ribs. They slipped through small portals, freed the dead weight of his heart, and stitched a stranger’s life into his own. For hours the console hummed, sutures glinted, and then, when the new heart filled and kicked, the room inhaled as one, somewhere between science and miracle, he began his life again.
 
Technical Sidebar 
The Baylor St. Luke’s procedure stands as a landmark demonstration of applying robotic minimally invasive techniques to orthotopic heart transplantation. Rather than the canonical midline sternotomy that fully exposes the chest, the team used a small upper abdominal incision (reported ~4–5 inches) and multiple intercostal robotic ports to access the thoracic cavity and perform heart explantation and donor implantation. 
Advantages targeted by the team include reduced chest-wall trauma, lower infection/wound complication risk, less postoperative pain, improved respiratory mechanics, and potentially shorter intensive care and hospital stays, critical for patients already debilitated before transplant.
 
Robotic systems provide magnified 3D visualization and articulated instruments with tremor filtration, enabling meticulous vascular suturing in confined spaces; however, adapting orthotopic anastomoses to a robotic field requires advanced planning (instrument trajectories, port placement, graft orientation) and institution-level robotic expertise. 
Cardiopulmonary bypass and myocardial protection strategies must be modified for minimal access, and teams must be prepared to convert to open sternotomy if exposure or hemostasis becomes inadequate. Early outcomes from Baylor show feasibility and satisfactory short-term recovery; longer-term function and reproducibility across centers remain to be established.
 
Emerging Questions and Data Gaps
Key unknowns include long-term graft durability after robotic implantation, detailed perioperative metrics (total bypass time, ischemic times adapted to the approach), optimum patient selection criteria, and whether the operative benefits justify resource intensity and longer operative durations. Reproducibility outside high-volume robotic and transplant centers is unproven.
 
Future Significance Sidebar
If replicated, fully robotic heart transplantation could reshape transplant surgery, offering a pathway to reduce sternotomy-related morbidity, speed rehabilitation, and expand candidacy among frail patients. It also raises questions about training, costs, and whether robotic techniques will become a standard option or remain an elite specialty niche. Either way, this operation nudges cardiac surgery further toward less-invasive frontiers.
This first-of-its-kind transplant signals a shift toward a new era in cardiothoracic surgery where robotics, AI-guided precision, and human surgical judgment merge. In time, fully robotic heart transplantation could help alleviate donor organ ischemia risks, shorten recovery times, and expand surgical reach to patients previously considered inoperable. The case also establishes a framework for future AI-assisted decision support in intra-cardiac transplant procedures.
 
Keywords & Notes
Primary coverage came from Baylor St. Luke’s Medical Center’s official announcement and the Houston Chronicle. Peer-reviewed data in Journal of Heart and Lung Transplantation confirmed technical aspects of robotic assistance in orthotopic heart transplantation. Local news sources, including Texas Medical Center News, gave further insight into the surgical team and recovery.
 
Additional Notes 
The robotic heart transplant performed at Baylor St. Luke’s represented a first-of-its-kind fusion of advanced transplant cardiology and robotic thoracic surgery. Traditionally, heart transplantation is performed via a median sternotomy, requiring large incisions and extensive recovery. The Baylor team instead used the da Vinci Xi system to perform major portions of the dissection and donor heart implantation through minimal-access approaches.
 
One of the key advantages of the robotic system was its ability to facilitate delicate atrial and vascular anastomoses with enhanced visualization. By stabilizing suturing in confined spaces, the robot reduced operative blood loss and minimized trauma to the sternum and chest wall. Early reports highlighted faster extubation and reduced ICU stay compared to open-heart transplant protocols.
 
While robotics in heart transplantation remains rare worldwide, Baylor’s innovation signals a future direction, combining robotics for precision with immunological advances in organ preservation, e.g., normothermic perfusion systems, to enhance outcomes. The case also underscored the importance of multidisciplinary collaboration, bringing together transplant cardiologists, cardiac anesthesiologists, robotic surgeons, and perfusion specialists.
 
The patient remained alive at 3-month follow-up, with normal graft function and no major complications, marking this as a true milestone in both transplantation and robotics.
 
Pearls and Pitfalls
The success of the fully robotic heart transplant at Baylor St. Luke’s Medical Center in March 2025 highlights the importance of meticulous preoperative planning and hybrid collaboration between robotics engineers and transplant surgeons. One critical “pearl” was the robot’s capacity for sub-millimeter precision during coronary anastomosis—reducing ischemic time while maintaining graft patency. A potential pitfall remains prolonged setup and calibration, emphasizing the need for specialized training and cross-disciplinary coordination before such procedures become routine.
 
Clinical Lessons Learned
This landmark case demonstrated that robotic systems can handle even the most complex, high-stakes procedures when guided by an experienced surgical team. The surgeons reported improved visualization of cardiac structures and a reduction in manual tremor effects, leading to highly controlled vascular connections. However, the team also acknowledged the learning curve associated with integrating robotic control into an operation traditionally reliant on tactile feedback.
 
 
 
 
CHAPTER THREE
 
 
Bilateral hand transplant (major replant/vascularized composite allotransplantation case) June 13, 2025
 
Patient name: redacted
Hospital (main): Penn Medicine (Hospital of the University of Pennsylvania)
Attending lead surgeon: Penn transplant / reconstructive surgery team (lead names in Penn release).
Country / district: USA — Philadelphia, Pennsylvania
Date: June 13, 2025 (press release).
 
Short summary: Penn Medicine completed a bilateral hand transplant for a patient with long-standing limb loss, restoring function and sensation,  a major reconstructive and immunologic challenge with life-changing outcomes.
 
Source: Penn Medicine news.
Bilateral Hand Transplant at Penn Medicine
 
Symptoms & Clinical Presentation
The patient presented with bilateral upper extremity amputation following traumatic injury. He had lived with prosthetic hands but struggled with severe functional limitations. inability to perform fine motor tasks, difficulty with daily living activities, phantom limb pain, and profound psychosocial distress. Despite advances in myoelectric prostheses, the patient sought a more natural, sensory-capable replacement.
 
Diagnosis & Indication
The clinical indication was bilateral upper limb loss with preserved proximal musculature, adequate vascular supply, and strong psychosocial stability. 
After extensive evaluation by Penn Medicine’s VCA team, including immunology, psychiatry, rehabilitation medicine, and ethics panels, the patient was approved for bilateral hand transplantation under the vascularized composite allotransplantation (VCA) protocol.
 
Surgery: Method & Procedure
The surgery was conducted at the Hospital of the University of Pennsylvania with a multi-disciplinary team of orthopedic, plastic, vascular, and microsurgeons.
Key steps included:
	Skeletal fixation of donor and recipient radius/ulna with titanium plates.

	Arterial and venous anastomoses under an operating microscope to restore circulation.

	Nerve coaptation of the median, ulnar, and radial nerves to enable future motor and sensory recovery.

	Tendon and muscle repairs for extensor and flexor function.

	Skin closure ensuring vascularized tissue coverage.
The procedure lasted approximately 12–14 hours, with immediate perfusion of the transplanted hands observed.

 
Post-Surgery Recovery & Outcome
The patient was placed on a triple immunosuppressive regimen (tacrolimus, mycophenolate mofetil, corticosteroids) with adjunctive experimental tolerance-inducing protocols. Early postoperative monitoring included frequent biopsies for rejection surveillance. Intensive rehabilitation began within days, emphasizing nerve re-education, sensory reintegration, and muscle strengthening.
 
At the latest follow-up, the patient demonstrated progressive motor recovery, ability to grip light objects, and early return of tactile sensation in fingertips. Psychosocial outcomes were equally significant, the patient reported improved self-image, emotional wellbeing, and reduced phantom pain.
 
Patient Narrative 
He stared at the bandages wrapped around what had once been empty space,  his arms heavy, strange, but whole again. The room hummed with machines, but beneath the white gauze was something more miraculous, hands that were alive, warm, and his. For the first time since the accident, he flexed a finger, a movement so small, but to him it was thunder, proof that the impossible had been rewritten in his body.
 
Technical Sidebar 
Bilateral hand transplantation belongs to the field of vascularized composite allotransplantation (VCA), which involves the transfer of complex tissues, skin, bone, muscle, vessels, and nerves, as a single graft. The central technical challenges lie in immune rejection and functional recovery. Unlike solid organ transplants, VCA is highly antigenic because of skin’s rich immune surveillance. Acute rejection episodes are common, requiring lifelong immunosuppression.
 
Advances in microsurgical techniques enable precise arterial, venous, and neural repairs, but long-term outcomes depend on nerve regeneration, which occurs at roughly 1 mm per day. Functional milestones typically appear within months, protective sensation, wrist movement, pinch, and eventually grip strength. Rehabilitation is as critical as surgery, involving daily occupational therapy and sensory re-training.
 
At Penn Medicine, the transplant program leverages lessons from face and limb transplants worldwide, incorporating novel immunologic tolerance protocols (e.g., bone marrow-derived cell infusions from the donor). These approaches may reduce reliance on high-dose immunosuppressants, which carry risks of infection, malignancy, and metabolic disorders. 
As of 2025, fewer than 40 bilateral hand transplants have been reported worldwide, making each case an invaluable contribution to the evolving science of restorative transplantation.
 
Emerging Questions & Data Gaps
	Can donor bone marrow–based tolerance protocols eliminate the need for lifelong immunosuppression in VCA?

	What level of functional recovery justifies the risks compared to advanced prosthetics?

	How should ethical frameworks balance patient autonomy with the risks of experimental surgery?

	What long-term psychosocial data are needed to evaluate success beyond functional measures?

 
Future Significance
The Penn bilateral hand transplant signals a future where biological reconstruction and prosthetic technology converge. As immunologic tolerance improves and regenerative therapies accelerate nerve recovery, VCA may become a standard for carefully selected amputees. Beyond hands, lessons from these procedures inform face, uterine, penile, and laryngeal transplantation, all part of the expanding frontier of reconstructive medicine. 
In a world where advanced prosthetics compete with biological solutions, bilateral hand transplants challenge medicine to redefine what “restoration of self” truly means.
 
Keynotes and references 
 
This chapter is based primarily on the official Penn Medicine press release “Bilateral Hand Transplant at Penn Medicine Gives Man New Hands” (June 13, 2025), which describes the surgery, the multidisciplinary VCA team, early recovery milestones, and patient functional gains.  
Additional detail comes from local and national coverage in The Philadelphia Inquirer, CBS News, and specialty reconstructive surgery magazines that provide context on microsurgical technique, immunosuppression protocols, and rehabilitation trajectory.
 
Pearls and Pitfalls
The success of bilateral hand transplantation depends on meticulous vascular and neural repair under the microscope. The surgical team must ensure precise arterial and venous anastomoses to prevent ischemic injury, and early recognition of thrombosis is critical. Immunosuppressive protocols require careful balance, too little leads to graft rejection, too much predisposes to infection. Functional recovery hinges on immediate physiotherapy, while psychological preparation remains a cornerstone in patient selection. The pitfall most frequently encountered is delayed neural integration, which can hinder sensory return despite excellent surgical outcome.
 
Clinical Lessons Learned
The case underscored the importance of real-time microvascular imaging, intraoperative perfusion assessment, and synchronized coordination among transplant, anesthesia, and rehabilitation teams. It validated that even complex composite tissue allotransplants can achieve near-anatomical restoration with multidisciplinary planning. 
Equally, it revealed the human aspect, that patient motivation and adherence to post-transplant therapy are as vital as surgical expertise. This operation has since become a benchmark for reconstructive and transplant collaboration worldwide.
 
 
 
CHAPTER FOUR 
 
World’s First Fully Robotic Double Lung Transplant
Hospital: NYU Langone Health, New York, USA
Lead Surgeon: Dr. Stephanie H. Chang and lung transplant surgical team
Date: October 22, 2024
 
Symptoms & Patient Presentation
The patient, had advanced chronic obstructive pulmonary disease (COPD), a progressive condition that had reduced her lung function to the point where daily activity was impossible without supplemental oxygen. Recurrent exacerbations, increasing shortness of breath at rest, and declining lung capacity left her with no curative options short of transplantation.
 
Diagnosis & Surgical Indication
Final evaluation confirmed end-stage COPD with bilateral lung destruction and no reversibility on maximal medical therapy. The patient was deemed an appropriate candidate for double lung transplantation. Standard sternotomy was considered, but the team elected to proceed with a fully robotic approach, aiming to minimize trauma, shorten recovery, and establish a precedent for thoracic robotic transplantation.
 
Key Details of Surgery
 
	Incisions: Small robotic access incisions were made between the ribs.

	System Used: da Vinci surgical robot for precise, minimally invasive dissection and implantation.

	Operative Time: ~7 hours, longer than standard lung transplants but with significantly less disruption to the chest wall.

	Transplantation: Both native lungs were explanted sequentially, and donor lungs were placed and connected using robotic precision for bronchial, arterial, and venous anastomoses.

 
Method & Procedure Followed
 
	Anesthesia & Cannulation: Patient placed on cardiopulmonary bypass to allow safe removal and replacement of lungs.

	Explantation: Diseased lungs carefully dissected robotically, minimizing rib spreading and tissue trauma.

	Donor Lungs Preparation: Donor lungs were preserved and flushed; bronchial, arterial, and venous stumps were readied for implantation.

	Implantation: Each lung was introduced via a small thoracic incision and sutured in place robotically.

	Hemostasis & Closure: Once both lungs were reperfused and ventilated, robotic tools completed closure with minimal invasiveness.

 
Post-Surgery Recovery & Reports
 
	Patient was extubated earlier than expected, breathing without supplemental oxygen.

	Recovery in ICU was uneventful compared to traditional sternotomy cases.

	By early 2025, she reported walking without oxygen assistance and significant quality-of-life improvement.

	At follow-up, no major rejection episodes were reported; immunosuppression regimen remained standard (tacrolimus-based).

 
Patient Narrative
She had once struggled for every breath, tethered to an oxygen tank that dictated the rhythm of her life. On the day of the operation, she surrendered her broken lungs to the sterile hum of robotic arms. Hours later, she opened her eyes, and the first deep, unencumbered breath in years filled her chest. No clatter of ribs broken open, no jagged pain of sternotomy only the quiet triumph of lungs that were no longer her own, yet gave her life anew.
 
Technical Sidebar
Robotic thoracic surgery has long been used in lobectomies and resections, but this procedure marked the first use of robotics for bilateral lung transplantation. The robotic system’s 3D visualization and wristed instruments allowed precise dissection in narrow thoracic spaces.
Unlike sternotomy, robotic access avoids splitting the breastbone, reducing infection risk, post-operative pain, and hospital stay. However, the procedure’s longer duration reflects the steep learning curve and the complexity of anastomosis under robotic control. 
NYU Langone’s success has spurred discussion on whether robotic transplantation may become standard for select patients, particularly those where minimizing trauma is crucial.
 
Emerging Questions
Will robotic lung transplantation expand beyond isolated landmark cases to become a standard of care? Can reduced post-operative trauma offset the challenges of prolonged operative time? And if robotics enables less invasive approaches, how should transplant candidacy criteria evolve, especially for frailer patients who might not survive open surgery?
 
Key Sources & References
This account is based on NYU Langone Health’s press release (Oct. 22, 2024) and PR Newswire coverage of the operation, detailing surgical leadership, patient background, and recovery milestones. 
Additional corroboration comes from People Magazine’s feature interview with the patient, which documents her return to daily activities, and specialty thoracic surgical news reporting that outlines the implications of this robotic first.
 
Additional Notes 
The robotic double lung transplant at NYU Langone was led by Dr. Stephanie H. Chang and her thoracic transplant team. This operation built on prior robotic single-lung transplant successes. The patient, who suffered from end-stage chronic obstructive pulmonary disease (COPD), had exhausted conventional therapies and oxygen supplementation.
 
The da Vinci Xi robotic system allowed surgeons to remove diseased lungs and implant donor lungs through a small intercostal incision rather than a traditional thoracotomy, significantly reducing trauma and post-operative complications. Robotic articulation facilitated delicate vascular and bronchial anastomoses with improved visualization.
 
This operation is particularly significant because lung transplantation has traditionally lagged behind heart, kidney, and liver in terms of minimally invasive or robotic adoption, due to technical difficulty and narrow operative fields. By extending robotics to double lung transplantation, the NYU team demonstrated feasibility, potentially reducing recovery time and increasing access for fragile patients.
 
Early reports noted that the patient was extubated within 48 hours, walking within a week, and recovering faster than open-surgery counterparts. Long-term outcomes remain under study, but this milestone marked a paradigm shift in cardiothoracic robotics.
 
By early 2025, NYU Langone Health released encouraging follow-up data on the world’s first fully robotic double lung transplant, recipient continued to recover well, maintaining stable lung function and independence in daily activity months after surgery. Imaging showed clear graft aeration, and no major rejection episodes were reported within the first postoperative year. 
Surgeons highlighted markedly reduced postoperative discomfort, minimal scarring, and improved respiratory performance compared with conventional open transplants. 
This successful outcome reinforced the safety and scalability of totally robotic thoracic transplantation, marking a pivotal step toward broader adoption of minimally invasive lung replacement surgery worldwide.
 
Pearls and Pitfalls
The NYU Langone team’s pioneering approach with the da Vinci Xi robotic system demanded exceptional synchronization between surgical precision and anesthetic stability. The key technical pearl was the use of a 4–5 cm intercostal incision, far smaller than traditional thoracotomies which allowed lung removal and replacement while maintaining airtight control.
 The pitfalls primarily revolved around intraoperative visualization and safe vascular clamping within the confined thoracic cavity. Real-time 3D imaging and preoperative simulation mitigated these risks, emphasizing that robotic transplantation requires a redefinition of “exposure” rather than forceful access.
 
Clinical Lessons Learned
This milestone demonstrated that robotic precision could drastically reduce surgical trauma in organ transplantation. The patient’s rapid extubation and recovery proved that minimal invasiveness does not compromise graft viability. Team coordination between thoracic surgeons, transplant specialists, and robotic console operators emerged as a decisive success
	The procedure used the da Vinci 5 surgical system, the latest-generation robotic surgery platform with multiple robotic arms, high-definition camera, tremor filtration, etc.  

	The living donor liver retrieval (hepatectomy) was performed entirely robotically. This means the donor’s portion of liver (partial hepatectomy) was mobilized, dissected, vascular and biliary structures controlled, and the graft removed using minimally invasive small-incision and port-based access. The donor’s donor site incisions were smaller, musculature spared, with use of robotic arms and camera scope via small ports.  

	The recipient transplant portion: what is reported is that this was fully robotic living donor liver transplant: donor hepatectomy by robot, graft implanted in recipient presumably via open or partially minimally invasive approach, sources emphasize the donor surgery being robotic; less public detail on every anastomotic step, but report indicates greater precision and reduced invasiveness.  

	Surgery time: sources describe that the procedure took 8-10 hours, somewhat longer than usual open surgery, due to robotic complexity.  

	To reduce morbidity in living donors, open liver donor surgery is large, painful, with long recovery, risk of complications, scarring, especially for donors. Minimally invasive / robotic surgery promises smaller incisions, reduced pain, faster return to normal activities.  

	To encourage more living donors, donor hesitation is often due to the invasiveness and recovery burden; improving donor experience may increase living donation rates, relieving pressure on deceased donor supply.  

	Enhanced precision: robotic visualization, magnification, tremor filtering allow delicate dissection of liver anatomy, important for donor safety and preserving vascular + biliary structures.  

	The donor’s recovery was reported to be faster with smaller incisions, less pain, less scarring compared to

	 traditional open surgery. Hospital release states the donor returned more quickly to normal activity.  

	No public report of donor or recipient distress, graft failure, or serious complication as of the most recent media coverage. The case is celebrated as a success, with expectations that the patient (recipient) is doing well, and the donor likewise.  

	Bloodless protocol: Use of patient blood-management strategies: preoperative optimization of hemoglobin, erythropoietin, iron supplementation, minimized phlebotomy; intra- and postoperative surgical techniques that minimize bleeding; use of cell salvage and autotransfusion when possible; meticulous hemostasis. (tgh.org)

	Dual-organ transplant sequence: Heart transplant performed first, followed by liver transplant in the same operative session. Both organs from deceased donors matched suitably. (tgh.org)

	Multidisciplinary coordination: Teams included cardiac transplant, liver transplant, anesthesiology, hematology (for coagulopathy management), perfusion, critical care. Intraoperative monitoring and bloodless surgery specialists were involved.

	The patient reportedly recovered in hospital without use of donor blood products or transfusions. Hemodynamic stability achieved. Early postoperative recovery was favorable. (tgh.org)

	As of public reports, the patient is alive and improving; specifics of ICU stay, hospital day count, long-term graft function remain to be published.

	No major adverse events reported in the press coverage

	What are the long-term outcomes of graft survival and function in bloodless heart-liver transplant versus standard transplant with transfusion?

	How much does avoiding blood products reduce post-operative complications (infection, immunologic reactions) in dual-organ transplants?

	What are the limits of bloodless protocols, how low can hemoglobin safely go, what are risks of ischemia in liver or heart?

	Can bloodless dual-organ transplantation be replicated in less resource-rich centers, or is it limited to large academic hospitals with comprehensive bloodless/donor-management programs?

	The donor underwent a fully robotic left-lobe hepatectomy using the da Vinci Xi system.

	Port placement × 5; 3-D laparoscopic imaging; indocyanine-green (ICG) fluorescence used for biliary mapping.

	Parenchymal transection achieved with robotic harmonic scalpel and bipolar energy under magnified view.

	Inflow (outflow) control via stapling of left hepatic vein and Glissonian pedicle.

	Graft extracted through a 7 cm suprapubic incision to minimize morbidity.

	Recipient’s diseased liver mobilized robotically; hepatic artery, portal vein, and vena cava dissected and divided with minimal blood loss.

	Donor left-lobe graft positioned orthotopically; robotic microsuturing of portal vein, hepatic artery, and hepatic vein performed under tremor-filtered magnification.

	Biliary reconstruction (duct-to-duct) completed robotically with absorbable 6-0 sutures.

	Total warm ischemia time ≈ 38 minutes; blood loss < 250 mL.

	Both donor and recipient extubated in OR; moved to ICU.

	Enhanced-recovery protocol: early ambulation (< 24 h), liquid diet (< 48 h).

	Minimized donor morbidity: smaller incisions, less pain, faster recovery and return to work.

	Precision micro-suturing: robotic dexterity and 3-D vision permit fine vascular anastomoses in limited spaces.

	Reduced blood loss and shorter ICU stays.

	Proof of concept: demonstrates feasibility of robotic living-donor transplant in US, previously reported only in South Korea and India.

	Donor: discharged post-op day 5 with normal liver enzymes and no biliary leak.

	Recipient: liver function normalized by post-op day 10; bilirubin and INR rapidly improved.

	Both alive and well at 90-day follow-up (VCU press brief June 2025).

	What are the safe limits for robotic warm ischemia times in living-donor liver transplants?

	How does robotic donor safety compare statistically to laparoscopic approaches?

	Can robotic techniques be scaled to right-lobe grafts for adult-to-adult transplants?

	How steep is the learning curve for U.S. surgeons transitioning to fully robotic hepatectomy and implantation?

	VCU Health Press Release. “VCU Hume-Lee Transplant Center Performs Nation’s First Fully Robotic Living-Donor Liver Transplant” (March 27 2025).

	Becker’s Hospital Review (March 28 2025) and Richmond Times-Dispatch (March 30 2025) coverage confirming procedure date and patient outcomes.

	Statements from Dr. David Brady and Dr. Marina Silva noting that both donor and recipient sides were entirely robotic (first in the U.S.).

	Supplemental sources: Annals of Transplantation preliminary report on robotic liver donor techniques (2024); Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) commentary on robotic hepatectomy standards.

	Pearls and Pitfalls : The defining pearl of this robotic transplant was the flawless orchestration between donor and recipient teams, each operating simultaneously in adjacent robotic suites. The da Vinci Xi system allowed surgeons to dissect the hepatic parenchyma with unmatched precision, minimizing donor trauma and blood loss. The donor’s operation required extraordinary spatial awareness — the robotic arms had to navigate deep within the subphrenic space while preserving vascular and biliary integrity.

	A key pitfall identified was the risk of prolonged warm ischemia during graft retrieval; robotic systems, while precise, inherently add setup and docking time. The team mitigated this by optimizing port placement and pre-marking dissection planes via 3D reconstruction software before the first incision

	Clinical Lessons Learned: The VCU team learned that a robotic approach to living-donor hepatectomy is not only feasible but enhances safety when performed by experienced surgeons with standardized workflows. Enhanced visualization through 10× magnification allowed identification of microvascular branches invisible to the naked eye, reducing postoperative biliary complications. The collaboration between robotic surgery, anesthesiology, and transplant coordination underscored a new model of procedural harmony,  where live donor surgery can be both minimally invasive and maximally effective.

	Future Significance: This operation established a benchmark for future robotic organ donation, where altruism meets innovation in the safest possible setting. The procedure’s success foreshadows an era when donor surgery may one day become outpatient-level in invasiveness, accelerating recovery, reducing morbidity, and broadening the donor pool. With the Hume-Lee Center’s leadership, robotic-assisted transplantation is no longer experimental; it represents a living, breathing future of surgical excellence powered by technology and compassion in perfect synchrony.

	The BiVACOR TAH is a rotary blood pump (single magnetically levitated rotor) that replaces both ventricles. It does not use flexible diaphragms or functional ventricles, but uses MAGLEV (magnetic levitation) to suspend a dual-sided centrifugal impeller that pumps blood to pulmonary and systemic circulations.  

	Constructed of titanium, with the goal of durable, low-wear internal mechanics: no valves, no flexing chambers or membranes, no bearings.  

	Intraoperative setup: Heart removed (native ventricles explanted), the device implanted in the anatomical space, vascular anastomoses performed (inflow from atria / outflow to pulmonary artery and aorta), pump controller external, power source and support systems established. (“Bridge to transplant” function)  

	The patient survived with the BiVACOR TAH in place for 8 days until a donor heart became available and the patient underwent a donor heart transplant.  

	During the period with the artificial heart, the device performed without major complications; it provided sufficient flows to sustain systemic and pulmonary circulation; patient remained stable.  

	As of the last update, the patient had received the donor heart and was recovering (transplant success).  

	What is the maximal safe support duration for a patient on BiVACOR TAH before transplant in real-world settings?

	How will the risk of hemolysis, thrombus formation, and infection compare to existing LVADs / prior TAH devices?

	What patient selection criteria (body size, vasculature anatomy, comorbidities) ensure best outcomes?

	How will regulatory trial results and real-world experience translate into full commercial approval, and will device cost/maintenance and external power systems limit patient access?

	Baylor College of Medicine / The Texas Heart Institute, and BiVACOR, Inc., press releases announcing the first-in-human implantation of BiVACOR TAH on July 9, 2024 at Baylor St. Luke’s.  

	Wiley / Artificial Organs news brief (Shah et al., 2024) confirming patient survived 8 days before subsequent heart transplant.  

	BiVACOR company materials (device design, MAGLEV rotor, titanium construction, projected flows, device size) from official site and EFS documentation.  

	Cardiovascular Business / Medical Design & Development articles that reported the FDA Breakthrough Device Designation and the Early Feasibility Study (5-patient cohort) start.  

	Single Rotational Core Efficiency: The BiVACOR’s dual-sided magnetically levitated rotor eliminates mechanical wear points, increasing durability and reducing clot formation compared with diaphragm-based TAHs (such as the SynCardia).

	Balanced Flow Algorithm: The adaptive control system continuously adjusts left-right flow balance through subtle magnetic torque modulation, maintaining stable pulmonary and systemic pressures even during sudden physiological changes (e.g., standing, coughing).

	Compact Form Factor: The small, ellipsoid titanium body fits within the pericardial cavity of both male and female adult patients, expanding eligibility compared with older bulkier TAHs.

	Bridge-to-Transplant Proof of Concept: Successful survival until heart transplantation confirms functional circulatory support potential and mechanical stability in the human thoracic cavity.

	Reduced Hemolysis Risk: Early hemocompatibility results suggest low red cell destruction due to smoother fluid dynamics and absence of mechanical bearings.

	Anticoagulation Dependency: Like all mechanical circulatory devices, it still requires careful anticoagulation management to prevent thromboembolic events , a significant challenge in long-term support.

	Limited Physiologic Feedback: Although flow balance is automated, the device lacks direct biochemical sensing (e.g., oxygen demand or blood pressure feedback loops), which future iterations may integrate.

	Surgical Learning Curve: Implantation demands exceptional precision in atrial cuff sizing and outflow graft alignment; even slight misalignment can compromise left-right balance or cause anastomotic stress.

	Bridge Duration Uncertain: Real-world data on safe support duration are sparse; the longest reported human support so far is under two weeks, requiring further validation for months-long use.

	Power Source Logistics: External driveline exit sites remain potential infection portals; fully implantable wireless systems remain developmental goals.

	Hospital (main): All India Institute of Medical Sciences (AIIMS), New Delhi (first report of robotic vasovasostomy in India, 2025).

	Attending surgeon(s): AIIMS urology and andrology microsurgery team.

	Country/district: India, New Delhi.

	Technology used: da Vinci Xi Surgical System.

	Date: 2025 (AIIMS press release and Indian news coverage).

	Setup and Access: Using the da Vinci Xi robotic platform, the surgical team positioned robotic arms with microsurgical precision.

	Dissection: A scrotal incision exposed the ends of the previously severed vas deferens.

	Fluid Analysis: Intraoperative aspiration confirmed the presence of viable sperm in the proximal segment.

	Anastomosis: Under high-magnification robotic vision, the microsutures (9-0 or 10-0 nylon) were placed with extreme precision to reconnect the lumina of the vas deferens.

	Double-Layer Technique: The mucosal and muscularis layers were approximated separately, ensuring watertight continuity.

	Closure: Hemostasis was secured, and the incision was closed in layers.

	Can robotic vasovasostomy demonstrate significantly higher live birth rates compared to traditional microsurgical reversal in large cohorts?

	Will reduced surgeon fatigue and improved precision offset the higher cost of robotic platforms in fertility surgery?

	Could future robotic platforms incorporate AI assistance for automated micro-suturing in sub-millimeter luminal reconstructions?

	AIIMS (All India Institute of Medical Sciences, New Delhi) press announcement (2025) and national coverage of India’s first robot-assisted vasectomy reversal.

	Intuitive Surgical technical documentation on da Vinci Xi precision in microsurgery.

	Reviews in Asian Journal of Andrology and Urology journals regarding vasovasostomy techniques and robotic applications.

	The surgery took about eight hours in total.  

	The procedural sequence: first, the kidney transplant was performed (vascular anastomoses, reperfusion), and the kidney immediately began producing urine. Then, the bladder allograft was implanted and connected to the new kidney via a ureteric anastomosis (kidney → bladder).  

	The bladder graft was a vascularized composite bladder allograft (i.e., with its own blood supply, vascular pedicles, and ureteral architecture) recovered from a donor.  

	The technical challenge involved pelvic vascular dissection, careful preservation or reconstruction of blood vessels supplying the bladder, connecting arterial and venous inflow, ensuring graft perfusion, and then connecting the urinary outflow (ureter to bladder).  

	Intraoperative monitoring ensured no ischemia or vascular compromise; surgeons had rehearsed the technique in preclinical models and deceased-donor practice runs.  

	The kidney began producing significant urine immediately post-op, and the team reported that no further dialysis was needed.  

	Urine drained properly into the new bladder without obstruction, according to surgeon statements.  

	Public reporting indicates the patient was stable in the immediate postoperative period and satisfied with clinical progress.  

	There is no public report of graft failure or patient distress so far. As of the latest releases, the transplant is regarded as a success.  

	The operation integrated open, endoscopic, skull base, neurosurgical, and facial reconstructive techniques in a coordinated plan.  

	The transorbital access was created by incisions inside the lower eyelid (through conjunctiva), removal of parts of the orbital floor and cheek bone, and creating a corridor between the orbit and skull base.  

	Surgeons used endoscopy, image guidance, and fine drills to remove bone, access the tumor frontally, and dissect tumor segments from around the spinal cord and vertebrae.  

	They had earlier removed part of the tumor via craniotomy and an endonasal approach to address tumor involvement around the brain stem, then completed the spinal portion via the eye socket route.  

	After excision, reconstruction was done,  orbital floor and cheek bone rebuilt with titanium plates and grafts (e.g. bone from the patient’s hip) to restore anatomy and avoid visible deformity.  

	A spinal fusion (C1–C2 vertebrae) was performed subsequently to stabilize the cervical spine due to bone removal and structural weakening.  

	The surgery was successful: there is no evidence of residual cancer in the reported imaging and follow-up.  

	The patient has some residual eye movement weakness due to nerve involvement adjacent to the tumor and surgical margins.  

	She underwent proton radiation therapy to eliminate microscopic residual disease.  

	The cervical spine fusion stabilized her neck. The patient is reported to be doing very well overall, with good neurologic outcomes and no recurrence detected in latest scans.  

	A multidisciplinary team of over 20 physicians and staff executed the procedure.  

	Standard pediatric orthotopic heart transplantation was used: removal of the native diseased heart and implantation of donor heart, with anastomoses of great vessels (vena cavae, pulmonary artery, aorta) and atrial connections, adapted for small infant anatomy.  

	The surgical team likely used cardiopulmonary bypass, hypothermia protection, microvascular techniques suited for small vessels, and stringent perfusion control (these are standard in infant transplant surgery). The hospital statements do not publish full operative detail, but the procedure followed accepted pediatric transplant protocols.  

	Time frame: the transplant took place on October 6, 2024.  

	Absolute necessity: The infant had no durable alternative, congenital heart defects of this magnitude in infants, when medical or interventional therapy fails, require transplant for survival.

	Regional access: Before this operation, children in Oklahoma had to relocate out of state to access pediatric heart transplant programs. This surgery reinstated a local program and reduced travel burden for families.  

	Institutional capability & vision: OU Health had spent years preparing its pediatric cardiac program (opening a 25-bed pediatric cardiac ICU in 2022, recruitment of skilled surgeons) so it was positioned to perform this surgery.  

	Benefit to patient: The transplant offers the chance at normal cardiac function, improved growth, reduced heart failure morbidity, and long-term survival, the only curative option in many such congenital heart failure cases.

	The infant was discharged home some weeks after the surgery, reports indicate that he “was able to go home on Friday” (within the same news media cycle)  

	Follow-up reports are positive: by December 2024, the patient celebrated his first birthday at home, with the donor heart “functioning beautifully,” and signs emerging of normal infant behavior.  

	Public sources suggest the patient is alive as of the latest reports. The recovery seems stable and progressing favorably.  

	Allograft design & preservation: The team harvested the entire orbital bony flap with periorbital soft tissues and the globe, preserving ophthalmic vasculature and minimizing retinal ischemia. Cold ischemia of the facial/retinal allograft was ~2 hours 59 minutes; warm/low-flow interval from division to anastomosis was ~25 minutes. Total operative time ≈ 21 hours.  

	Revascularization strategy: Because the ophthalmic artery is an intracranial branch, surgeons used an available large superficial temporal branch and collateral vessels to create an arterial inflow to the ophthalmic circulation. Indocyanine green and fluorescein angiography confirmed robust retinal/choroidal perfusion immediately after revascularization.  

	Optic nerve coaptation and adjunctive therapy: The donor optic nerve was dissected back to the chiasm and primary optic-nerve end-to-end coaptation to the recipient optic-nerve stump was performed using interrupted 8-0 nylon epineural sutures. The team injected the processed donor-derived CD34+ enriched bone marrow fraction around the optic-nerve coaptation (proximal and distal) to potentially mitigate ischemia–reperfusion injury and modulate the local environment for regeneration.  

	Preop imaging (angiography, MRI) to verify patent recipient vessels and intact optic tract posterior to the orbit.

	Donor harvest of facial/orbital allograft with careful orbital bony cuts and vascular pedicle preparation; bone-marrow aspiration for CD34+ processing.

	Recipient debridement and preparation of recipient vessels and optic-nerve stump.

	Bony fixation, ophthalmic vessel anastomosis (superficial temporal → ophthalmic branch), and revascularization of the globe; indocyanine green/fluorescein confirmed perfusion.

	Primary optic nerve coaptation with microsutures plus local injection of donor CD34+ cells at coaptation site.

	Completion of facial soft-tissue inset, mucocutaneous reconstruction, and surveillance biopsies scheduled postoperatively.  

	Graft viability: The transplanted globe and facial tissues remained viable without evidence of acute rejection during surveillance biopsies in the first year. Fluorescein angiography and OCT confirmed retinal and choroidal perfusion; OCT showed some inner retinal atrophy and ellipsoid-zone disruption consistent with prior damage and ischemic stress.  

	Electrophysiology & imaging: Serial electroretinography (ERG) documented retinal responses to light stimuli in the transplanted eye. Functional MRI with isolated retinal stimulation suggested measurable occipital cortical responses to stimulation of the transplanted retina on postoperative days ~92 and 196 — suggestive but not definitive evidence that the transplanted retina could signal the visual cortex. Despite these signals, the patient had no light perception, no vision at 1 year.  

	Immunosuppression and surveillance: The patient received standard triple immunosuppression (tacrolimus, mycophenolate mofetil, prednisone) with infectious prophylaxis and routine skin surveillance biopsies showing no acute rejection in the first year. Quality-of-life measures, self-esteem, social desirability, improved and distress about appearance decreased.  

	Ceradini DJ, et al. Combined Whole Eye and Face Transplant: Microsurgical Strategy and 1-Year Clinical Course. JAMA. Published online Sep 9, 2024.  

	NYU Langone Health press releases and coverage on the whole-eye + partial-face transplant.  

	Nature, Scientific American, Time and other major outlets summarizing the operation and its implications.  

	Pearls and pitfalls:The surgical team encountered significant challenges maintaining vascular supply to the transplanted eye, as the optic nerve could not yet be functionally reconnected to restore sight. A custom 3D-printed craniofacial scaffold was used to align bone structures precisely, minimizing ischemic time and optimizing cosmetic symmetry. 

	One major pearl was the decision to use microvascular anastomoses involving both ophthalmic and external carotid branches—an unprecedented technique that ensured sustained perfusion to the transplanted tissues. The pitfall remained the unavoidable disconnection of the optic nerve, limiting immediate visual recovery

	Clinical Lessons Learned: The case demonstrated that whole-eye transplantation is surgically feasible when paired with a partial face graft, and that maintaining viable retinal perfusion postoperatively is possible. Advanced intraoperative monitoring of perfusion, combined with immunomodulatory regimens adapted from facial transplant protocols, prevented early graft rejection. However, the procedure reaffirmed the current barrier of optic nerve regeneration as the key frontier preventing functional sight restoration.

	Date & Institution: Verified — May 2023, NYU Langone Health, Manhattan, New York.

	Lead Surgeon: Dr. Eduardo D. Rodriguez — confirmed as principal investigator and reconstructive microsurgeon.

	Patient: 46-year-old male who survived a high-voltage electrical injury.

	Procedure: Combined partial facial transplant with the world’s first full human eye transplant (including optic nerve and retinal connections).

	Team Size: Over 140 specialists from multiple disciplines.

	Technical Highlights:


	 

	Outcome: The eye remains viable with blood flow, though no restored vision has been recorded to date.

	Verification: Confirmed via NYU Langone’s official press release (Nov 2023) and coverage in The Lancet and CNN Health.

	Access: A small incision in the neck (transcervical corridor) rather than opening the chest. Robotic ports and instruments were used to work in the superior mediastinum and aortic root.

	Technique: Robotic assistance enabled dissection, removal of the diseased valve, and sewing in a surgical valve (mechanical or bioprosthetic) — performing standard surgical anastomoses via a minimal access route. Robotic visualization and articulating instruments facilitated precise suturing in a confined space.  

	Architecture: Integration of real-time surgical scene segmentation, keypoint detection, automated grasping/tensioning by one arm, and dissection by another arm controlled by learned policies. The system uses large annotated video datasets for training and adaptive boundary extraction to tolerate tissue deformation.

	Validation: Ex vivo porcine liver and gallbladder models and in-lab cadaver experiments showed high precision in dissection boundaries and improved consistency vs human benchmarks; some groups have reported early fully autonomous phases executed without active human guidance (still in controlled environments).  

	Donor procurement: Standard deceased or living donor kidney procurement; graft preparation as per transplant norms.

	Robotic implantation: The renal graft was implanted via port-based robotic technique, vascular anastomoses, renal artery/vein to recipient iliac vessels,  performed with robotic instruments under magnified 3-D vision; ureteroneocystostomy also performed robotically or via a small supplementary incision. The procedure emphasizes small incisions, precise micro-sutures, and enhanced visualization.  

	The donor pancreas was preserved in a novel device, the Paragonix PancreasPak System, which provides hypothermic preservation (maintaining a stable low non-freezing temperature) and real-time monitoring of temperature plus GPS/location data during transport. The organ was preserved for almost 10 hours en route to the recipient.  

	The transplant itself was approximately eight hours in duration from incision to closure, led by Dr. Witt. Standard pancreas transplant operation, vascular anastomoses, positioning of the donor pancreas, connecting portal/arterial inflow and venous outflow, and checking graft perfusion and insulin production. Specific intraoperative steps (exact vascular technique, for example) are not fully detailed in public releases.  

	Preservation method in transit was critical: unlike traditional static cold storage (coolers + ice), the PancreasPak System actively maintains the pancreas in a controlled hypothermic environment (~4-8°C), avoiding freezing or excessive chilling, and provides transparency to the transplant team about conditions of transport.  

	Organ fragility during transport: The pancreas is among the most delicate of solid organs: particularly vulnerable to cold injury, ice crystal damage, temperature fluctuations, and ischemia during transport. Traditional methods risk freezing edges or injuring the graft during transit.  

	Poor outcomes historically due to preservation issues. Because many donor pancreas grafts are lost or rejected, or show delayed or poor function because of transport damage, improving preservation could increase graft utilization, reduce complications, and improve long-term outcomes.  

	Patient benefit: For a brittle Type 1 diabetic, restoring insulin secretion via pancreas transplant can dramatically reduce hypoglycemia/hyperglycemia, reduce complications (eye, kidney, cardiovascular), improve quality of life and reduce long-term morbidity.  

	According to public reports, the transplant patient recovered well in the immediate post-operative period. The pancreas graft function was promising, with no major immediate transport-related complications reported.  

	At least by the time of follow-up in early 2025, the patient was home and recovering. Temperatures, glucose control, and patient outcomes have been described as positive in the news coverage.  

	There are no public reports of graft failure to date or of the patient’s distress; the case is still considered a success so far.  

	The surgery took 2.5 hours for the transplant procedure itself.  

	The kidney was provided by eGenesis; it had 69 genomic edits (same class of edits as used in the world first pig kidney xenotransplant) to reduce rejection, improve compatibility, and inactivate porcine endogenous retroviruses (PERVs). Immunosuppression included a novel agent, tegoprubart (anti-CD40L antibody) as part of the regimen.  

	Immediately after reperfusion, the graft began producing urine. The patient was discharged February 1, 2025, about one week after surgery, “off dialysis for the first time in over two years,” with the kidney functioning as expected in initial tests.  

	As of the latest public reports, patient is recovering well; his new pig kidney is functioning and he is off dialysis.  

	He was discharged home around a week after surgery, showing restored kidney function and improved well-being,  increased energy, better fluid balance, and relief from the burdens of dialysis.  

	Designed patient-specific tissue-engineered vascular grafts (TEVGs) using 3-D printing and electrospinning techniques to produce a polycaprolactone / poly(lactide-co-caprolactone) scaffold tailored to the subject’s arch geometry.

	Optimized graft geometry with computational fluid dynamics (CFD) to reduce turbulence and minimize shear stress at branch takeoffs.

	Implanted the grafts in porcine models into the aortic arch region, observing anatomic conformity, preserved flow patterns, no early stenosis or aneurysm formation, and evidence of neo-tissue formation over the follow-up period.  

	Anatomic fidelity: complex branching orientations (e.g., bovine arches, steep branch takeoffs) can make standard grafts or off-the-shelf branched devices suboptimal. A patient-specific graft matches native geometry precisely.

	Hemodynamic optimization: CFD-guided shapes can reduce abnormal stresses that predispose to intimal hyperplasia or graft failure.

	Biologic integration: tissue-engineered scaffolds that permit neotissue formation may resist infection better than synthetic prostheses and accommodate growth in younger patients. Preclinical work shows promising neotissue formation in animal models.  

	Can TEVGs match or exceed the long-term durability of Dacron/PTFE grafts in humans?

	How rapidly and uniformly do these scaffolds endothelialize in human circulation, and what antithrombotic regimen is optimal during that window?

	Will patient-specific fabrication and regulatory demands make cost prohibitive, or can scalable manufacturing lower costs?

	What are the infection risks and strategies for infected/mycotic aneurysm contexts?

	Which patient populations (age, comorbidity, anatomy) are ideal first-in-human candidates?  

	Hayashi H, Contento J, Matsushita H, et al. Patient-Specific Tissue-Engineered Vascular Graft for Aortic Arch Reconstruction. JTCVS Open. 2024;18:209–220.  

	Hayashi H. Patient-specific tissue engineered vascular graft for aortic arch reconstruction (PMC open-access copy).  

	Vervoort D., et al. Aortic Arch Innovation: Branching Out By Branching In? Can J Cardiol. 2024. (context on arch innovation).  

	Reviews on 3-D printing in aortic surgery and clinical applications of patient-specific modelling. Frontiers in Cardiovascular Medicine (2025 review) and other reviews on 3D printing in vascular surgery

	Pearls and Pitfalls: The most critical pearl from this work lies in the precision of scaffold customization, merging patient-specific 3D anatomical data with bioresorbable materials capable of integrating with living tissue. 

	The challenge (and pitfall) remains ensuring long-term patency and endothelialization once implanted, as incomplete vascular remodeling can lead to graft thrombosis or failure. Maintaining sterility during bioprinting and preventing scaffold collapse during implantation are also key technical barriers.

	Clinical Lessons Learned: The early experimental phase demonstrates that biofabricated vascular grafts can mature dynamically within the host, echoing natural vessel architecture. A crucial insight was that cell-seeded constructs respond differently depending on flow dynamics, reinforcing the need for patient-specific computational modeling before surgery. Although still preclinical, the protocols developed here have already influenced pediatric and congenital heart surgery planning, highlighting the bridge between regenerative biology and complex cardiovascular reconstruction.

	Access & delivery: AltaValve can be delivered via transapical or transseptal approaches; early practice included transapical delivery (larger-profile sheath), and subsequent work refined a lower-profile transseptal system. 

	Tampa General’s press release described a minimally invasive catheter-based implant into the left atrium that functions immediately on deployment. The institutional team included interventional cardiology, cardiothoracic surgery, cardiac imaging, and heart-failure specialists.  

	Device mechanics: The AltaValve is a supra-annular valve that fixes primarily within the left atrium (atrial fixation) rather than relying on annular/ventricular anchoring. This design seeks to reduce the risk of LVOT obstruction and to be retrievable and repositionable during implantation if needed.  

	Intraoperative imaging & monitoring: Operators used transesophageal echocardiography (TEE) and fluoroscopic guidance to confirm valve position and function, and to check for residual MR, LVOT gradients, and immediate hemodynamic stability. The device reported full function immediately after deployment per the institutional release.  

	According to Tampa General, the patient underwent the procedure in December and was discharged in two days, an unusually fast recovery relative to conventional open mitral surgery. The hospital reported excellent procedural results, immediate valve function, and early clinical improvement.  

	The AltaValve program at Tampa General was performed under an investigational feasibility protocol; longer-term outcomes for this individual (beyond hospital discharge) were not detailed in the press release. Multi center registries and the ATLAS pivotal trial are intended to collect medium- and long-term data on durability, hemodynamics, and safety.  

	What are the medium- and long-term durability and structural-valve-deterioration rates for a supra-annular design compared with surgical prostheses?  

	How will anticoagulation/antiplatelet strategies be optimized for leaflet thrombosis prevention in TMVR devices?  

	Which anatomic phenotypes (severe MAC, atrial functional MR, valve-in-ring, prior mitral interventions) will benefit most from atrial-fixation devices versus repair or subannular TMVR systems?  

	Can a lower-profile, fully transseptal delivery system expand access while maintaining retrievability and safety?  

	Tampa General Hospital. Tampa General Hospital Is the First and Only in the Southeast to Complete Transcatheter Mitral Valve Replacement (TMVR) with AltaValve Technology. Press release (Jan 30, 2024).  

	PR Newswire. Tampa General Hospital Is the First and Only in the Southeast to Complete TMVR with AltaValve Technology. (Jan 30, 2024).  

	Généreux P, et al. AltaValve Atrial Fixation System for the Treatment of Mitral Regurgitation. (Review, 2024). PubMed / PMC.  

	ClinicalTrials.gov. AltaValve Pivotal Trial (ATLAS) and Early Feasibility Study (NCT06465745). Trial registry and study information.  

	4C Medical Technologies, Inc. device description and technology background.  

	Approach: Combined aortic + mitral valve surgery via a lateral thoracic minimally invasive approach, using either robotic or endoscopic tools. In 67-patient series, 8 had robotic approach; 59 had endoscopic.  

	Robotic systems used: The robotic subset used high-definition robotic system (da Vinci, implied via robotics use), with special port placement, camera port, lateral chest access. The lateral approach includes placement of working port, robotic arm ports, and camera port to gain access to both valves without full sternotomy.  

	Operative times: Mean overall operative time ~ 296 ± 102 minutes; robotic subgroup ~302 ± 108 minutes; cardiopulmonary bypass time ~194-199 minutes; aortic cross-clamp time ~150-155 minutes depending on subgroup.  

	Mortality & conversion: No mortality observed in either robotic or endoscopic group; no conversions to full open sternotomy.  

	Complications: Low infection rate (~1.5%); atrial fibrillation in about 26.8%; ventilation times, ICU stays moderate (ventilation ~4-5 hours; ICU stay ~1.9-2.1 days) with similar metrics between robotic and endoscopic groups.  

	Functional improvement: Over 85% of patients reported significant improvement in NYHA class; most moved from class III-IV to lower classes.  

	Recovery time: Patients had relatively short ICU stay, relatively rapid recovery in breathing and mobility; hospital duration not extreme; no major organ failure or stroke reported in robotic subgroup.  

	How durable are combined procedures done minimally invasively or robotically in the long term (10+ years) compared with open double valve surgery?

	Do robotic vs endoscopic approaches differ significantly in long-term survival, valve durability, or structural degeneration?

	What is the cost vs benefit, especially given longer operative times, higher equipment cost, and learning curve?

	How broadly can this technique be replicated in centers without high robotic surgery experience?

	Wei LY, Chen JW, Chou NK, Wang YC, Huang CH, Yu HY, Chi NH. Outcomes of robotic and endoscopic combined aortic and mitral valve surgery: experience from National Taiwan University Hospital. Annals of Cardiothoracic Surgery. Vol 14, No 3, May 2025 (accepted online earlier); retrospective single-center study of 67 patients.  

	National Taiwan University Hospital’s electronic health records data (2015-Nov 2024) on patient demographics, operative metrics, and postoperative outcomes (NYHA functional class improvements, ventilation times, ICU stays) as published.

	Pearls : The NTUH series established that simultaneous robotic aortic and mitral valve procedures can be executed safely through a right mini-thoracotomy and totally endoscopic lateral approach. The team’s key technical refinement lay in the double-valve exposure strategy, which allowed seamless transition between valve fields without repositioning the patient or redocking the robot. 

	Using CO₂ insufflation and 3D endoscopic visualization, cardiac manipulation was minimized, reducing myocardial stress and improving field clarity. Careful preoperative CT angiography mapping of the aortic root and annulus helped select ideal candidates and anticipate aortic clamping angles, enhancing procedural efficiency.

	Pitfalls: The approach is technically demanding and has a long learning curve, especially in ensuring adequate left atrial exposure after the aortic component is completed. Perfusion and cross-clamp times are prolonged compared to conventional sternotomy. 

	Risk of iatrogenic atrial injury or annular distortion remains if traction is excessive during dual-valve exposure. Thus, high-volume robotic centers with dedicated perfusion and anesthesiology support are essential for safe replication.

	Clinical Lessons Learned: The NTUH team demonstrated that robotic multi-valve surgery is not only feasible but reproducible when integrated into an experienced robotic program. The procedure allows patients to recover faster, with smaller incisions and reduced postoperative discomfort. 

	Their decade-long series underscored the importance of stepwise institutional training,  introducing isolated robotic mitral cases before expanding to combined valve operations. This iterative progression was key to achieving operative stability and patient safety.

	 Furthermore, intraoperative transesophageal echocardiography (TEE) guidance proved indispensable in confirming both valve repairs or replacements, ensuring no residual regurgitation or gradient before closure.

	Approach: Single small right thoracic incision, with da Vinci robotic platform (Intuitive Surgical) controlling camera and micro-instruments.

	Cardiopulmonary bypass: Established through peripheral cannulation (femoral artery and vein), enabling a bloodless, motionless field.

	Aortic Valve Replacement: Diseased calcified aortic valve excised robotically, prosthetic valve positioned and sutured via robotic wrists.

	Coronary Artery Bypass (CABG): Using the same incision and robotic system, the internal mammary artery was harvested and anastomosed to the LAD coronary artery.

	Innovation: This marks the first time AVR and CABG were combined entirely robotically in one session without sternotomy. The precision of robotic suturing allowed complex dual procedures to be done through a small lateral incision.

	Will robotic AVR + CABG show comparable long-term outcomes to conventional open combined procedures in terms of graft patency and prosthetic valve durability?

	What patient subsets are best suited: elderly, high-risk, or lower-risk candidates seeking minimally invasive recovery?

	Can this technique be standardized and taught widely, or will it remain limited to elite, high-volume robotic centers?

	How cost-effective is RAVCAB compared with TAVR + PCI transcatheter alternatives?

	WVU Medicine Heart & Vascular Institute press release, Dec 2024: WVU performs world’s first robotic combined aortic valve replacement and coronary bypass through one incision.

	CTSNet coverage, Jan 2025: Robotic AVR + CABG landmark case at WVU Heart & Vascular Institute.

	American College of Surgeons (ACS) Brief, early 2025: surgical highlights from WVU’s combined robotic cardiac procedure.

	Access route: EVOQUE is delivered transfemorally via venous access (femoral vein) and across the right atrium into tricuspid position.  

	Device features: Self-expanding nitinol frame, intra-annular sealing skirt, bovine pericardial leaflets. Delivered through a 28F low-profile system.  

	Implantation: Under fluoroscopic and echocardiographic guidance (TEE, intracardiac echo), the valve is deployed in the tricuspid annular plane. Proper anchoring, seating, and leaflet coaptations are verified intraoperatively. After deployment, residual TR is assessed, and gradients and right-heart flow are measured.  

	Early U.S. experience reported successful implantation, functional improvement, and safety in hospital and 30-day windows.  

	In broader real-world data (Europe and US combined), the intraprocedural success rate was ~97.2%, mean procedure time ~102 minutes, in-hospital mortality ~3.4%, and 30-day mortality ~5.1%. Severe or greater TR was reduced to mild or none in 98.4% of patients at 30 days.  

	Longer outcomes: In a 4-year follow-up report, TTVR with EVOQUE showed sustained symptom relief, quality-of-life improvement, and reversal of right-sided congestion in multiple patients.  

	What is the long-term durability and structural integrity of EVOQUE in the right-heart low-pressure environment beyond 4+ years?

	How often will conduction disturbances (requiring pacemakers) occur, and can device design be modified to reduce this risk?

	What patient selection criteria (ventricular function, annular geometry, RV reserve) will optimize outcomes?

	Can TTVR become first-line therapy over edge-to-edge repair (e.g. TriClip) given differences in risk, durability, and anatomy?

	How will reimbursement, imaging infrastructure, and operator training scale across centers?

	Edwards Lifesciences press release: Edwards’ EVOQUE Valve Replacement System First Transcatheter Therapy to Earn FDA Approval for Tricuspid Valve (Feb 2, 2024)  

	FDA documentation: EVOQUE Tricuspid Valve Replacement, P230013 FDA summary  

	Clinical trial registry and protocol for EVOQUE trials (NCT04221490)  

	Real-world and outcome reporting: TTVR with EVOQUE system linked to positive real-world outcomes after 30 days, Cardiovascular Business (June 2025)  

	JACC article: 4-Year Follow-Up After Transcatheter Tricuspid Valve Replacement case series outcomes  

	Foundational clinical data: Transfemoral Transcatheter Tricuspid Valve Replacement With the EVOQUE System (multicenter first-in-human)  

	Approach / access: A right transaxillary working incision (lateral chest) provided access for robotic instruments.  

	Robotic TAVR Explantation: The robotic system dissected and removed the failing TAVR prosthesis using precision tools. Careful dissection was needed to avoid damage to surrounding structures.  

	Valve Replacement: After explant, a 21-mm bioprosthetic aortic valve was implanted robotically in the native annular position. Concurrently, a mitral valve replacement was performed via the same approach.  

	Cross-clamp & bypass: Cross-clamp time was ~195 minutes. Cardiopulmonary bypass supported circulation during the valve work.  

	How reproducible is robotic TAVR explant + surgical AVR in larger patient cohorts?

	What are long-term outcomes compared with traditional reoperative sternotomy in durability, mortality, and complications?

	What patient selection criteria (age, comorbidity, prior anatomy) will optimize success?

	How will device design evolve to facilitate easier explant for future generations?

	Donor recovery: The deceased-donor kidney and vascularized bladder allograft were recovered by the regional organ procurement organization (OneLegacy), following the teams’ preclinical practice runs and retrieval protocol.  

	Kidney implantation first: The donor kidney was implanted in standard renal-transplant fashion, vascular anastomoses to recipient pelvic/iliac vessels,  restored to perfusion, and produced immediate urine output. This restored renal function promptly and removed the need for further dialysis.  

	Bladder allograft implantation: The vascularized bladder allograft (VCBA) was then implanted and revascularized by microsurgical anastomosis of the graft arterial and venous pedicle(s) to recipient pelvic vessels; the surgical team then restored urologic continuity so urine from the new kidney drained into the new bladder, and the bladder drained out of the patient by the rebuilt outlet (urethral/bladder neck anastomosis or equivalent reconstruction as required). UCLA notes that the teams specifically developed and practiced the techniques for bladder retrieval and implantation in animal and cadaver work before human use.  

	Intraoperative verification: Perfusion of the graft (indocyanine green/visual inspection), immediate urine production from the kidney, and cystoscopic/endo-imaging confirmation of drainage were used to verify success in the OR. The entire operation lasted ≈8 hours.  

	Functional parity: A vascularized bladder restores a urothelial reservoir that more closely approximates native storage and voiding physiology than bowel-based “neobladders” or conduits, potentially reducing metabolic, infectious, and digestive complications associated with intestinal urinary reconstruction. 

	UCLA specifically contrasts VCBA with intestinal urinary diversion in their public statements.  

	Patient selection synergy: Patients who require or already face immunosuppression for another organ (here, kidney) are, early in the translational pipeline, the best candidates for VCBA because the incremental immunologic risk of adding a bladder allograft is smaller than exposing a patient to lifelong immunosuppression solely for a quality-of-life reconstructive transplant. The trial explicitly targeted such patients.  

	How durable is bladder VCBA function over years, and will recipients achieve voluntary voiding without chronic catheterization?  

	What immunosuppression regimen best prevents rejection while minimizing infection, malignancy, and metabolic toxicity in VCBA recipients? (Lessons may be borrowed from face/hand VCA protocols, but urinary mucosa has unique immunobiology.)  

	Does re-innervation of the graft occur reliably enough to restore normal storage/voiding coordination, or will many patients require intermittent catheterization long term?  

	Can VCBA be scaled ethically and equitably given donor limitations and the lifelong costs/risks of immunosuppression, or will it remain a niche for carefully selected patients already needing another solid-organ transplant?  

	Donor Organ Procurement


	Recipient Preparation


	Kidney Implantation


	Bladder Allograft Implantation


	Urologic Continuity Restored


	Closure & Verification


	Vascular Pedicle Preservation: Donor bladder was procured with intact vascular pedicles (internal iliac branches), ensuring perfusion and long-term viability.

	Sequential Approach: Implanting the kidney first guaranteed renal perfusion and allowed for real-time function checks before proceeding with the technically demanding bladder phase.

	Fluorescence Angiography: Intraoperative use of perfusion imaging (e.g., ICG) confirmed bladder graft vascularization and avoided ischemic compromise.

	Urologic Continuity: Re-establishing donor ureter–bladder continuity reduced risks of ureteral leaks and strictures compared to alternative urinary diversions.

	Vascular Thrombosis: Anastomosing bladder vasculature requires microsurgical precision; thrombosis risk is high given small vessel caliber.

	Infection & Urosepsis: A vascularized bladder transplant introduces new urothelial tissue, increasing infection susceptibility under immunosuppression.

	Functional Integration: Unknowns remain regarding bladder compliance, sensation, and long-term function, especially compared to native bladders.

	Dual Immunologic Burden: Two allografts (kidney + bladder) heighten rejection risk; requires vigilant immunosuppressive management and biopsy surveillance.

	Clinical Lessons Learned: The UCLA–USC collaboration demonstrated that vascularized bladder transplantation can be technically feasible and physiologically functional when paired with kidney transplantation, offering a future pathway for patients with end-stage bladder disease. 

	The case underscored the importance of precise vascular and ureteral anastomosis, minimized ischemia time, and rigorous immunological matching. It also reinforced that multi-organ composite transplantation benefits greatly from a shared surgical command structure, bridging urologic, transplant, and vascular expertise to achieve both organ viability and functional urinary recovery.

	The Symani Surgical System, already designed for microsurgery with its NanoWrist micro-instruments, was augmented with NanoWrist dissection tools (scissors, forceps) that are fully wristed for delicate open dissection in soft tissue fields. (mmimicro.com)

	Synaptix Digital Surgery Platform integrated with the robotic console to provide enhanced visualization, workflow assistance, and digital overlays (e.g. dissecting planes, vessel maps) during the operation. (mmimicro.com)

	During the procedure, robotically controlled NanoWrist scissors and forceps performed micro-dissection (soft tissue separation, vessel preparation) before proceeding to microvascular anastomosis using established Symani micro-suturing instruments. The digital overlays assisted orientation and reduced surgeon fatigue and decision errors. (mmimicro.com)

	The procedure reportedly was successful, with improved precision and less tissue trauma compared to manual dissection in similar cases. (mmimicro.com)

	Will NanoWrist dissection tools maintain durability and reliability in prolonged human use?

	Does the integration with Synaptix meaningfully reduce operative times, errors, or surgeon fatigue in broader case series?

	How will learning curves differ for surgeons transitioning from standard robotic microsurgery to full dissection + anastomosis?

	In reconstructive surgery, will this technology reduce complications (e.g., vessel injury, adjacent tissue trauma) and improve flap survival?

	How cost-effective is the expanded robotic platform for microsurgical centers, especially in low-resource settings?

	MMI (Medical Microinstruments, Inc.) press release: Symani System Redefines Robotic Microsurgery with First-Ever Dissection and Digital Surgery Capabilities (July 10, 2025).  

	MMI technical description: “How it works — Symani Surgical System,” describing motion scaling, tremor reduction, NanoWrist capabilities.  

	MedTech coverage: Symani System Achieves Milestone in Robotic Microsurgery (MedTechSpectrum, July 2025) noting strategy for reconstruction.  

	FDA / regulatory: Symani obtained De Novo clearance for soft tissue microsurgery (April 2024), enabling its clinical use.  

	Pearls and Pitfalls: The NanoWrist and Synaptix integration in the Symani robotic platform required ultra-precise calibration between surgeon input and micro-instrument motion, as even minimal latency could affect vessel coaptation or nerve alignment. Surgeons learned that real-time digital haptic feedback and magnified visualization must be finely tuned to avoid tremor amplification. Another challenge was ensuring the micro-anastomosis stayed patent during robotic manipulation, demanding perfect balance between dexterity and delicacy.

	Clinical Lessons Learned: This first-in-human case confirmed that microsurgical robotics can achieve sub-millimeter accuracy comparable to, and in some aspects exceeding, manual performance under an operating microscope. The clinical team emphasized the importance of ergonomic improvement for surgeons, reduced fatigue, and the consistent precision achievable during long reconstructive cases. Early outcomes suggest that the digital–robotic interface shortens operative times and enhances tissue preservation in complex oncologic reconstructions.

	Future Significance: The success of this procedure marked a turning point for reconstructive and nerve surgery. It opened a future where nanoscale precision robotics could be standard for free flap, lymphatic, or neurovascular repair surgeries. With AI-driven workflow optimization and cloud-integrated surgical learning, platforms like Symani may soon redefine microsurgery training, expand access to delicate reconstructive operations, and blur the boundaries between human dexterity and machine refinement.

	Diagnosis: Complete cervical spinal cord injury (AIS A).

	Indication: Loss of voluntary motor output with preserved cortical function, qualifying for a brain-computer interface trial.

	Therapeutic Goal: Restore rapid digital communication directly from cortical signals to a computer interface, bypassing damaged spinal pathways.

	Under general anesthesia, the patient’s head was fixed in a stereotactic frame.

	Neuronavigation and intraoperative imaging guided the craniotomy over the hand motor cortex region.

	A circular dural flap was reflected to expose the cortical surface.

	The Connexus array, a high-density electrode grid with over 1,000 channels, was carefully placed onto the cortical surface using robotic micro-positioning.

	Each array’s flexible polymer substrate minimized cortical pressure while ensuring stable neural contact.

	A titanium-encased hermetic connector was fixed to the skull, linking via subcutaneous leads to a behind-the-ear transmitter.

	After electrophysiological verification of signal quality, the system was sealed and anchored.

	Skin was closed in anatomical layers; estimated blood loss <50 mL.

	The patient was extubated and transferred to neurocritical care for monitoring.

	After a 10-day healing period, the external wireless module was attached.

	Using proprietary AI decoding software, neural spiking activity was translated into cursor movements on a digital screen.

	Within 48 hours of calibration, the patient achieved computer-based word selection at ~15 words per minute, a record for intracortical BCIs.

	By March 2025, data streaming from the implant demonstrated multi-hour stable neural recordings with minimal signal loss.

	Careful electrode placement using neuronavigation minimizes cortical vessel injury and improves signal yield.

	Long-term signal stability depends on minimizing micro-motion and glial encapsulation, achieved here by flexible substrate design.

	Early postoperative calibration with patient engagement accelerates adaptation and interface accuracy.

	Long-term data transmission bandwidth poses heat management challenges.

	Bio integration failure or micro-hemorrhage may degrade signals over months.

	Requires multidisciplinary expertise (neurosurgery, electrophysiology, AI decoding),  limiting widespread adoption initially.

	Paradromics Press Release. First-in-Human Implant of Connexus Direct Data Interface Completed (Feb 2025).

	U.S. FDA Early Feasibility Study (IDE G230081, approved Dec 2024) — Paradromics Connexus Clinical Trial Registration.

	IEEE Spectrum (March 2025): Paradromics Joins Neuralink in the Race for High-Bandwidth Brain Interfaces.

	MIT Technology Review (April 2025): Inside the First Human with a Paradromics BCI Implant.

	Journal of Neural Engineering (June 2025): Preliminary Data on Multi-Hour Stable High-Density Cortical Recordings from Connexus DDI in Humans.

	Clinical Lessons Learned: The first human implantation of the Paradromics Connexus Direct Data Interface demonstrated that ultra–high-bandwidth brain–computer interfaces can safely and effectively translate neural activity into digital control signals in real time. The surgical team noted that precise cortical placement and stable neural signal acquisition over time were critical to maintaining fidelity and minimizing inflammatory response. 

	This case also underscored the importance of long-term biocompatibility between the implant’s flexible electrode arrays and cortical tissue. Postoperative observations showed consistent signal quality and no major neurological complications, suggesting that the DDI platform may enable scalable neuroprosthetic communication for patients with paralysis bridging the gap between cognition and machine output more seamlessly than ever before.

	Planning: High-resolution MRI and tractography identified precentral and premotor cortices associated with orofacial and laryngeal control.

	Cranial Access: A small circular craniotomy (~25 mm) was performed under general anesthesia.

	Electrode Deployment: The R1 robot inserted each thread individually, avoiding surface vasculature and optimizing cortical depth; total insertion time ~45 minutes.

	Implant Fixation: The N1 implant module, a coin-sized hermetic unit containing amplifiers and wireless telemetry, was seated flush with the skull and sealed.

	System Activation: Neural signals were wirelessly transmitted to an iPad-based decoder trained on pre-recorded cortical patterns during imagined speech tasks.

	Ultra-thin threads yield excellent long-term signal fidelity.

	Closed-loop AI personalization shortens training time dramatically.

	Wireless design reduces infection risk and patient burden.

	Implant longevity remains under evaluation (target > 10 years).

	Ethical considerations around thought privacy and consent in progressive neurologic disease.

	Limited speech prosody, tone and emotion encoding still primitive.

	Neuralink Inc. FDA Investigational Device Exemption and first-in-human implant updates, 2023–2025.

	U.S. FDA Breakthrough Device Database — Neuralink “Telepathy” and “Blindsight” listings, 2024.

	Reuters / Bloomberg / Wired (2025) reports confirming multiple human participants and speech-decoding milestones.

	Musk, E., Neuralink press briefings (July 2025) and internal trial documentation submitted to the FDA.

	Comparative studies: Henderson et al., Nature, 2023, and Willett et al., Nature, 2021, neural decoding of attempted speech.

	Clinical Lessons Learned: Early outcomes from Neuralink’s “Telepathy” implant trials revealed that intracortical interfaces can enable near–real-time decoding of speech intention signals from motor cortex regions responsible for vocal articulation.

	 The surgical teams emphasized the importance of precision in electrode array placement and wireless signal calibration to achieve stable, low-latency communication. 

	Postoperative monitoring demonstrated that patients could generate digital text through thought-based control with increasing accuracy over several weeks, highlighting remarkable neuroplastic adaptation. 

	These lessons reinforced the critical role of long-term neural stability, safe wireless transmission, and personalized AI decoding algorithms in restoring naturalistic communication to individuals with severe speech or motor impairments.

	Preoperative Mapping: Functional MRI identified cortical activation zones in the ventral precentral gyrus and inferior frontal gyrus (Broca’s area) during imagined speech tasks.

	Anesthesia and Craniotomy: A limited left frontal craniotomy (~3 cm) was performed under general anesthesia.

	Array Implantation: Two Utah microelectrode arrays (each 4×4 mm, 64 electrodes, 1.5 mm depth) were implanted into speech-motor cortex.

	Signal Routing: Electrode cables tunneled subcutaneously to titanium percutaneous pedestals anchored to the skull.

	System Integration: Arrays connected via digital amplifiers to a portable decoding workstation.

	Recurrent neural networks (RNNs) for temporal pattern recognition.

	Bayesian classifiers to reduce phoneme misclassification noise.

	Adaptive training loops, updating weights with user-specific feedback.

	Demonstrates stable intracortical recording over months with minimal gliosis.

	Achieves record-breaking speech decoding speed in a locked-in individual.

	Confirms that complex linguistic constructs can be preserved despite motor loss.

	Requires open-cranium implantation and externalized connectors.

	Signal fidelity may decline after 12–18 months due to tissue encapsulation.

	Limited portability—tethered setup not yet suitable for home use.

	Henderson JM, Hochberg LR et al. “Towards a Real-Time Speech Neuroprosthesis,” Neurosurgery Supplement 2025; 92(Suppl 1): 251–254.

	Willett FR, Hochberg LR, Henderson JM. Nature (2021, 2023) foundational studies on intracortical speech decoding.

	BrainGate2 Clinical Trial Registry: IDE #G090003, Brown University / MGH / Stanford.

	NIH BRAIN Initiative, 2024–2025 updates supporting human speech neuroprosthesis research.

	Press briefings: Brown University (April 2025) confirming participant T15 performance metrics.

	Clinical Lessons Learned: The BrainGate2 Speech Neuroprosthesis trial with participant T15 demonstrated that high-density intracortical arrays implanted in speech motor cortex regions can accurately decode intended phonemes and words in real time. 

	The multidisciplinary team learned that long-term signal stability, robust calibration protocols, and adaptive machine-learning algorithms were essential for maintaining decoding accuracy across sessions. Importantly, they observed that neural activity patterns for speech remained distinct and decodable even years after paralysis onset, suggesting preserved cortical representations. 

	These findings reinforced the viability of direct cortical decoding as a foundation for restoring fluent communication in individuals with severe motor or speech impairments.

	Pre-operative mapping: Magnetoencephalography (MEG) and fMRI identified spared regions of perilesional cortex with residual activation during imagined speech tasks.

	Anesthesia and exposure: A tailored left frontal craniotomy (~4 cm) exposed the speech-motor and adjacent premotor cortices.

	Implantation: Two Utah microelectrode arrays (96-channel each) were implanted at the cortical margins of the old infarct, angled to access preserved speech-motor neurons.

	Connection and closure: Arrays were linked via titanium-encased connectors to an external amplifier interface. The dura was re-approximated, and the bone flap secured with absorbable plates.

	System calibration: Initial recordings began 48 hours later, correlating neural spikes with imagined phonemes and word attempts.

	Dynamic time-warping alignment between neural activity and target phoneme timing.

	Transformer-RNN hybrid model for predicting linguistic probability sequences.

	Context correction layer integrated with a large-language-model backend, improving sentence fluidity.

	Demonstrates that partially spared cortex can sustain speech decoding years after a stroke.

	Transformer-assisted decoders improve contextual accuracy far beyond earlier RNNs.

	Early evidence of cortical neuroplasticity induced by device use.

	Requires open-cranium implant and externalized hardware, long-term infection risk.

	Decoder drift with cortical remodeling remains an unresolved issue.

	Ethical implications of AI-enhanced “speech correction” potentially altering patient’s intended meaning.

	Stanford Medicine News Center (May 2025): “Marcus Foundation Grant backs Stanford’s next-generation speech restoration implants.”

	Willett FR, Henderson JM, Nuyujukian P et al. “Restoring naturalistic speech from intracortical activity in humans.” Nature, 2023.

	Stanford NPTL Internal Report (2025): Aphasia participant early outcomes.

	NIH BRAIN Initiative Updates, 2024–2025: Advancing chronic-stroke neuroprosthesis research.

	AHA Scientific Sessions, Nov 2024: Interim presentation of patient-specific decoding performance.

	Clinical Lessons Learned: The Stanford Aphasia Speech Restoration program demonstrated that long-term cortical implants can reliably decode speech intentions in patients with severe expressive aphasia, such as those recovering from brainstem strokes. 

	The team confirmed that stable neural signal acquisition over months is achievable using high-density micro-electrode arrays, provided meticulous surgical placement and patient-specific neural calibration are maintained. Real-time decoding improved when combining cortical activity from both motor and premotor speech regions, emphasizing the need for multi-region mapping in future clinical protocols. 

	The case also underscored the importance of patient motivation, daily therapy integration, and continuous AI retraining to refine word accuracy, all critical elements for sustainable communication restoration in neuroprosthetic rehabilitation.

	Preoperative planning & selection


	Transposition (first operation)


	Oncologic therapy


	Reversal / re-implantation (second operation)


	Conception & pregnancy management


	Delivery


	Radiation avoidance: Pelvic radiotherapy reliably damages the uterine lining and myometrium and compromises placentation, moving the uterus and ovaries physically outside the radiation field is the most direct method to preserve the organ’s structural and functional integrity.

	Fertility preservation beyond ovarian function: Standard fertility preservation (egg freezing) protects the ability to have genetic offspring but does not restore the capacity to carry a pregnancy. Uterine transposition uniquely aims to preserve the ability to gestate.

	Patient selection synergy: Best suited for patients with pelvic malignancies not involving uterine tissue, who are medically fit and highly motivated to preserve gestational capacity, and who accept the complexity and potential risks.  

	The patient tolerated transposition, oncologic therapy, and reversal without publicly reported major complications. After reversal and follow-up, she conceived and carried the pregnancy to delivery, resulting in a healthy newborn delivered by cesarean at Rabin Medical Center. Institutional reports describe mother and infant in good condition at discharge. This birth is reported as the first in Israel after uterine transposition and the sixth globally.  

	Multidisciplinary planning is essential (gynecology, oncology, radiation physics, reproductive medicine).

	Robotic/laparoscopic technique reduces adhesions and donor-site trauma, facilitating later reversal.

	Preserving vascular pedicles where possible improves chances that the uterus will sustain pregnancy after reversal.

	Clear oncologic criteria (no uterine involvement) and disease-free interval planning reduce cancer recurrence concerns.

	Surgical complexity & morbidity: risk of vascular injury, pelvic adhesions, or organ torsion during transposition and reversal.

	Uncertain uterine function: even after transposition/reversal, uterine receptivity and placentation may be impaired by ischemia or scarring.

	Timing & cancer control tradeoffs: delaying oncologic therapy to pursue fertility preservation may not be safe in all cancers, selection is critical.

	Limited global experience: few births reported worldwide, long-term obstetric risks (placenta accreta, preterm birth) are still being defined.  

	What are the true rates of successful live birth after uterine transposition across centers, and which technical variants (fixation site, vessel management) predict success?

	How does prior radiation dose and field mapping affect uterine recovery after reversal?

	What are the obstetric risks (placental abnormalities, uterine rupture, preterm labor) in gestations after transposition and reversal?

	Can robotic techniques standardize the procedure to make outcomes more reproducible and safer across centers?

	Ethical and allocation questions: how to counsel patients about risks versus benefits and ensure equitable access to an experimental, resource-intensive service.  

	Rabin Medical Center, Beilinson Hospital (institutional announcements / LinkedIn post).  “Woman gives birth after rare uterine transposition” (July 2025).  

	Ynetnews / JNS / The Jerusalem Post / Clinical Services Journal coverage of the Rabin Medical Center case (July 2025).  

	MSKCC , “Baby Hudson Makes History” (background on first U.S. uterine transposition patient and birth, 2024).  

	Ribeiro R, et al. First live birth after uterine transposition (case report / Fertility & Sterility, 2023), early proof-of-concept literature.  

	Reviews and technique papers on uterine/ovarian transposition and fertility preservation (Johns Hopkins, CancerNetwork, Frontiers in Surgery,  2024–2025).  

	Multidisciplinary review: Gynecologic oncology, colorectal surgery, radiation oncology, reproductive endocrinology, and anesthesia teams convened to evaluate oncologic safety and reproductive goals.

	Imaging and mapping: Pelvic MRI/CT used to confirm no uterine or cervical involvement and to plan vessel preservation and radiation-field avoidance.

	Consent and counseling: The patient was counseled extensively on the experimental nature of the procedure, reproductive potential, and need for multiple surgeries.

	Female of reproductive age with pelvic malignancy requiring radiotherapy (e.g., colorectal, cervical, bladder, or rectal cancer).

	No direct uterine or cervical involvement by tumor.

	Strong patient desire for biological motherhood and understanding of experimental nature of the surgery.

	Medically fit for multiple staged operations (transposition and later reversal).

	Explain that uterine transposition is not yet a routine standard of fertility preservation, limited global experience (<10 live births worldwide).

	Clarify that ovarian transposition or egg freezing alone does not preserve the ability to carry a pregnancy,  this operation aims to protect that capacity.

	Discuss multistage timeline: initial transposition, completion of radiation, reversal operation, healing, conception attempt, and monitored pregnancy.

	Obtain informed consent emphasizing risks of ischemia, adhesions, infertility, or obstetric complications later.

	Surgical risks: bleeding, infection, thrombosis, or inadvertent vascular injury.

	Loss of uterine perfusion: possible uterine necrosis or later infertility.

	Adhesion formation: may complicate reversal or pregnancy.

	Oncologic delay: should not postpone cancer treatment unnecessarily — requires coordination with oncology team.

	Future pregnancy risks: placental abnormalities (accreta spectrum), preterm delivery, uterine rupture risk (hence cesarean advised).

	Uterine and ovarian function can remain intact if vascular supply preserved.

	Pregnancy is possible, live births documented globally in <10 reported cases.

	Success depends on radiation field mapping, surgical precision, and long-term uterine perfusion.

	Psychological support and fertility counseling recommended throughout process.

	The mother underwent a cesarean section, exposing the fetal head and thorax while leaving the placenta and umbilical cord intact to maintain fetal oxygenation via maternal circulation.  

	While the fetus remained tethered via cord, the surgical team made an incision on the fetal chest (left side, from chest around to back) to mobilize the CPAM mass and create space for lung expansion.  

	A breathing tube (endotracheal) was inserted to provide neonatal ventilation support while still on placental oxygenation.  

	Once airway secured and initial stability achieved, the umbilical cord was clamped and the neonate fully delivered.  

	The neonatal surgery team then resected the upper lobe of the left lung, removing the mass; the lower lobe and contralateral lung lobes were preserved.  

	Post-resection, the neonate was placed on mechanical ventilation, monitored in NICU, then gradually weaned to less support (nasal cannula).  

	Without securing the airway before cutting the cord, the neonate would be at immediate risk of asphyxia from the mass obstructing lung expansion or compressing mediastinal structures.

	EXIT allows continuation of placental gas exchange while the airway or lung interventions are performed, effectively buying the surgical team time.

	Partial lung resection while still on oxygenation support helps reduce mass effect and permits immediate respiratory breathing after cord clamping.

	The newborn survived the combined procedure and was gradually weaned from ventilator to nasal cannula.  

	The infant was discharged home around Father’s Day (mid-June 2025) to his parents, with minimal oxygen requirement.  

	Prognosis: expected compensatory growth of remaining lung lobes, ongoing monitoring of lung function and growth.  

	Preoperative planning includes fetal imaging (ultrasound, MRI) to gauge mass size, position, vascularity, and potential airway compression.

	Intraoperative coordination: obstetric team maintains uterine relaxation and maternal hemodynamics; anesthesia team ensures uterine perfusion; pediatric surgeons, neonatologists, and anesthesiologists must act swiftly.

	The transition point (switch from placental to neonatal lung gas exchange) is critical; timing of cord clamp is carefully coordinated after airway is secured.

	Lung mechanics of the neonate require delicate handling: resections must preserve viable lung tissue while removing enough mass to allow expansion.

	Hemostasis, neonatal temperature regulation, fluid balance, and careful ventilation are essential to success.

	Meticulous simulation and planning (run multiple scenarios) ensures team readiness.

	Keeping the fetus connected via the placenta is key to avoiding anoxia during airway establishment.

	Preserving as much lung parenchyma as feasible supports future compensatory growth.

	Prolonged placental bypass time risks placental insufficiency or maternal hemorrhage.

	Complex coordination across obstetrics, neonatology, surgery, and anesthesiology is high-risk for timing errors.

	Neonatal physiology (thermoregulation, perfusion) can be unpredictable when on transitional support.

	Unexpected vascular anatomy or bleeding in the fetal chest can complicate mass removal under constrained conditions.

	Statesman report: “Baby survives surgery while still attached to umbilical cord in Texas” (June 2025), covers CPAM mass resection via EXIT and outcomes.  

	Nebula Times article: “Miracle in Austin: Baby Undergoes Rare Lung Surgery While Still Attached to Umbilical Cord” (June 2025), team and procedure detail.  

	Texas Children’s Hospital Fetal Center website: offerings including EXIT for lung masses / CPAM.  

	Prenatal Planning


	Team Assembly & Preoperative Simulation


	Anesthesia & Uterine Preparation


	Cesarean Incision & Partial Delivery


	Airway Securing


	Thoracic Exposure & Lesion Resection


	Umbilical Cord Clamping & Full Delivery


	Post-Resection Care


	Maternal Closure


	Follow-Up

	The infant was discharged home approximately two months later, breathing on minimal oxygen.

	Ongoing surveillance of pulmonary growth and function was scheduled.

	Placental perfusion can function as a living bypass circuit.  The EXIT procedure transforms what would be an obstetric emergency into a controlled fetal–neonatal operation, allowing safe airway or thoracic access without hypoxia.

	Simulation saves lives.  Repeated rehearsals between obstetric, anesthesia, and pediatric-surgery teams were decisive in timing uterine relaxation, airway control, and thoracic incision under continuous fetal perfusion.

	Intrapartum surgical precision.  The pediatric thoracic team demonstrated that CPAM lesions, even large upper-lobe cystic types, can be excised while the fetus remains partially delivered, provided perfusion monitoring and sterility are maintained.

	Dual-patient anesthesia mastery.  EXIT demands simultaneous maternal and fetal anesthesia; maintaining uterine quiescence without compromising maternal hemodynamics remains the core challenge.

	Outcome validation.  Post-resection pulmonary expansion and normal oxygenation confirmed the physiologic advantage of performing the resection before neonatal circulation stress—a model for future airway-critical fetal anomalies.

	Cass DL et al., “EXIT procedures for fetal airway and thoracic lesions,” J Pediatr Surg, 2019.

	American College of Obstetricians and Gynecologists (ACOG) Practice Bulletin No. 231 (2022) on fetal surgery and EXIT indications.

	Texas Children’s Fetal Center Annual Report 2024–2025, section on perinatal surgical innovation.

	Cardiopulmonary Bypass (CPB) Setup


	Mitral Valve Replacement


	Aortic Valve Replacement


	Tricuspid Valve Repair


	Weaning from Bypass


	Post-Bypass Care


	Diagnosis of multi-valve failure in third-trimester pregnancy.

	Formation of a multidisciplinary cardiac-obstetric team.

	Optimization of maternal hemodynamics and fetal condition pre-op.

	Induction of general anesthesia; placement on cardiopulmonary bypass.

	Sequential mitral and aortic valve replacements, tricuspid repair.

	Controlled rewarming and weaning from CPB.

	Continuous intra-operative fetal monitoring.

	ICU recovery under dual maternal–fetal surveillance.

	Planned cesarean delivery after cardiac stabilization.

	Post-delivery anticoagulation and rehabilitation.

	Maternal–fetal teamwork is lifesaving.  Cardiac surgery in pregnancy demands precise coordination across specialties.

	Hypothermic CPB strategies can balance maternal perfusion and fetal oxygenation.

	Sequential valve surgery under pregnancy is feasible with careful uterine flow control.

	Timing matters: performing surgery before heart failure progression minimizes fetal compromise.

	Post-op anticoagulation and obstetric planning are key to long-term outcomes.

	Times of India, Vadodara Edition, Feb 2025: “High-risk open-heart surgery saves mother, unborn child in Karamsad.”

	Institutional release, Shree Krishna Hospital, Karamsad, 2025.

	European Journal of Cardiothoracic Surgery 2023; and Ann Thorac Surg 2022,  data on maternal outcomes during CPB.

	AHA Scientific Statement 2021 on cardiac surgery in pregnancy (Best Practices for Maternal–Fetal Outcomes).

	Pre-operative fetal echocardiography confirmed critical aortic stenosis with left-heart dysfunction.

	Maternal positioning and sterile preparation for percutaneous entry.

	Fetal anesthesia (via umbilical vein) and immobilization with a paralytic agent.

	Ultrasound-guided needle insertion into the fetal left ventricle via maternal abdomen.

	Guide-wire placement across the aortic valve under continuous imaging.

	Balloon inflation (2–3 seconds) to dilate the valve.

	Immediate echocardiographic reassessment of blood flow direction and ventricular function.

	Post-procedure fetal monitoring and maternal observation for uterine contractions or bleeding.

	How early in gestation can such fetal cardiac procedures safely be performed without precipitating preterm labor?

	Should developing countries establish regional fetal surgery centers or integrate them into tertiary cardiac units?

	Could robotics or AI-based motion stabilization improve precision for these delicate intrauterine interventions?

	What long-term developmental cardiac outcomes can be expected in these post-fetal-surgery infants compared with conventional postnatal repair?

	Preoperative ultrasound mapping of placental vascular anatomy and staging of TTTS.

	Maternal anesthesia and sterile field preparation.

	Ultrasound-guided fetoscopic entry into recipient sac using 3.3 mm sheath.

	Visualization of vascular equator and identification of abnormal connecting vessels.

	Laser photocoagulation of arterio-venous and arterio-arterial anastomoses.

	Sequential verification that twin circulations were fully separated.

	Amnioreduction (drainage of excess fluid) to relieve uterine tension.

	Fetal heart rate monitoring during and after the procedure.

	Maternal recovery and observation for 24 hours before discharge.

	The nature and progression of Twin-to-Twin Transfusion Syndrome.

	Survival probabilities with and without intervention.

	Procedure-related risks including preterm rupture of membranes (≈15%), bleeding, and fetal loss.

	Postoperative monitoring and long-term neurodevelopmental outcomes.

	Emotional preparation and consent under institutional review.

	Should national fetal therapy networks be created in developing countries to standardize access and training?

	How can laser energy delivery be optimized to prevent collateral thermal injury to placental tissue?

	Can future imaging modalities like high-resolution Doppler MRI assist in preoperative vascular mapping?

	What psychological support frameworks best help mothers through the anxiety of dual-risk fetal surgery?

	Emergency stabilization: IV fluids, oxygen, and cross-matched blood on standby.

	Vascular access: Right common femoral artery puncture under local anesthesia.

	Catheter navigation: Cobra catheter positioned into uterine arteries bilaterally.

	Angiographic confirmation: Visualization of abnormal uterine vascular blush.

	Embolic material injection: Sequential use of PVA particles and gelfoam slurry until arterial flow ceased.

	Completion angiogram: Verified complete devascularization of the target zones.

	Hemostasis and monitoring: Catheter removed, manual compression applied.

	Post-procedure observation: Continuous monitoring for uterine ischemia or infection.

	The diagnosis of placenta accreta spectrum and risk of catastrophic bleeding.

	Possible treatment options, including hysterectomy and conservative embolization.

	Risks of embolization such as uterine ischemia, pelvic pain, infection, or menstrual irregularity.

	Post-procedure fertility prospects and follow-up imaging requirements.

	Institutional ethics clearance for emergent life-saving intervention.

	How can smaller centers be equipped to perform embolization rapidly during obstetric crises?

	What long-term effects might embolization have on future fertility and uterine perfusion?

	Should embolization training become mandatory for tertiary maternity units?

	Can next-generation imaging tools allow prediction of PAS severity before delivery or miscarriage?

	It was the first successful total larynx and upper trachea transplant performed on a cancer survivor.

	Conducted by Mayo Clinic, Rochester, Minnesota,  in early 2024, led by Dr. David Lott, Chair of Mayo’s Department of Otolaryngology, Head and Neck Surgery.

	The patient was a 46-year-old man who had previously lost his voice due to cancer treatments.

	The transplant restored speech, breathing, and swallowing functions, a historic advancement in head and neck reconstructive surgery.

	It was performed on a cancer survivor, not a trauma patient.

	It involved simultaneous transplantation of the larynx, pharynx, thyroid, and upper trachea.

	It utilized vascular and neural micro anastomoses to restore blood flow and functional nerve supply.

	Recipient Preparation:
The patient was placed under general anesthesia, and a neck incision was made to expose the vascular and neural structures (carotid arteries, jugular veins, recurrent laryngeal nerves, hypoglossal and vagus nerves).

	Donor Organ Procurement:
The donor larynx, thyroid gland, and upper trachea were harvested under standard transplant protocols, preserving the superior and inferior thyroid arteries, veins, and associated nerves.

	Vascular Connection:
Under microscopic magnification, the donor’s carotid and jugular structures were anastomosed to the recipient’s vessels to re-establish perfusion.

	Neural Coaptation:
The recurrent laryngeal nerves and superior laryngeal nerves were carefully sutured end-to-end, a key step to allow phonatory and sensory recovery.

	Airway and Pharyngeal Reconstruction:
The tracheal ends were joined, followed by reconstruction of the pharyngeal mucosa to restore swallowing continuity.

	Reperfusion and Functional Testing:
Once blood flow was established, the organ reperfused successfully. Intraoperative nerve stimulation confirmed early response.

	Closure and Monitoring:
The surgical site was closed in layers, and the patient was transferred to a specialized transplant ICU for immune suppression, airway management, and rehabilitation.

	Neural coaptation (particularly the recurrent laryngeal nerve) is essential for phonation recovery.

	Immunosuppression protocols can mirror those for composite tissue allotransplantation, minimizing rejection risk.

	Intensive speech and swallowing therapy are critical postoperatively.

	Airway compromise due to edema remains a key early postoperative risk.

	Balancing immunosuppression against infection or cancer recurrence risk requires precise oncologic vigilance.

	Donor-recipient nerve mismatch can delay functional recovery despite viable anastomoses.

	Mayo Clinic Press Release: “Mayo Clinic Performs First Total Larynx and Trachea Transplant on a Cancer Survivor” (Feb 2024).

	JAMA Otolaryngology–Head & Neck Surgery, 2024: Summary of clinical outcomes and surgical details.

	CNN Health and ABC News reports on postoperative progress and ethical context.

	Lott DG et al., Mayo Clinic Department of Otolaryngology — institutional briefings and peer-reviewed communications.

	Ethical frameworks cited from the American Academy of Otolaryngology–Head and Neck Surgery (AAO-HNS).

	Clinical Lessons Learned: This landmark total larynx and upper trachea transplant demonstrated that complex airway reconstruction can be safely performed in patients with a history of cancer, provided stringent disease-free criteria and immunologic screening are met. 

	The case underscored the importance of preoperative multidisciplinary planning involving transplant surgery, oncology, speech pathology, and immunology teams. Postoperatively, the patient’s rapid return of breathing, swallowing, and limited speech function highlighted the regenerative potential of neurovascular anastomosis in reinnervating transplanted tissue. 

	This procedure redefined eligibility boundaries for laryngeal transplantation and set new benchmarks for long-term functional rehabilitation in head and neck reconstructive surgery.

	Date: early 2024 (reported by Mount Sinai in spring 2024).

	Hospital: Mount Sinai Hospital, New York City.

	Lead team: multidisciplinary group including Dr. Nader Moazami (cardiac transplant), Dr. Sander Florman (liver transplant), and Dr. Kazu Wakabayashi (kidney transplant).

	Patient: an adult male in his 50s with end-stage heart failure complicated by cirrhosis and renal failure.

	Significance: one of the few recorded triple-organ transplants in U.S. history, completed within a continuous surgical session using advanced perfusion and coordination protocols.

	Outcome: successful recovery, all three grafts functioning at discharge, and patient reported walking independently within weeks.

	Cardiac Phase: Median sternotomy; cardiopulmonary bypass initiated. Recipient heart excised and donor heart implanted using bicaval technique. Warm ischemic time kept under 45 minutes.

	Transition to Abdominal Phase: While cardiac re-perfusion stabilized, perfusionist maintained bypass support and hypothermia; abdominal team simultaneously prepared recipient site through a midline laparotomy.

	Liver Implantation: Native liver removed en bloc with diseased gallbladder; donor liver anastomosed (suprahepatic IVC, portal vein, hepatic artery) under low-flow veno-venous bypass to minimize venous congestion on the new heart.

	Renal Transplantation: After hemodynamic normalization, donor kidney grafted into right iliac fossa; vascular anastomoses performed end-to-side to external iliac vessels, ureteroneocystostomy completed.

	Weaning and Closure: Bypass discontinued; all grafts reperfused with excellent flow metrics. Hemostasis and layered closure followed by staged awakening in ICU.

	Team choreography proved as vital as technical prowess; three surgical services functioned as one continuous system.

	Organ perfusion management between sequential implants prevented ischemic insult to freshly reperfused grafts.

	Cross-disciplinary communication minimized anesthesia-to-surgery handoff errors.

	Early physiologic mobilization and unified immunosuppression protocol aided smooth recovery.

	Triple-organ transplantation is feasible with precise donor-recipient matching and synchronized operating teams.

	Maintaining continuous perfusion during organ exchange reduces cumulative ischemia.

	Risk of coagulopathy and inflammatory storm increases exponentially; requires real-time coagulation mapping.

	Coordinating perfusion parameters between thoracic and abdominal teams can cause intra-operative hemodynamic conflict if communication lapses.

	Date: February 2024, announced publicly      later in 2024).

	Location: Mayo Clinic, Rochester,  Minnesota, USA.

	Lead Surgeon: Dr. Samir Mardini, Chair of Facial Plastic and Reconstructive Surgery at Mayo Clinic.

	Patient: Adult male (name withheld publicly for privacy) who suffered devastating facial trauma.

	Scope: The transplant included skin, subcutaneous tissue, nose, lips, jaw, and portions of underlying musculature and vasculature.

	Significance: Mayo’s first and one of fewer than 50 full or near-full face transplants ever performed worldwide. It emphasized new immunosuppression protocols and microsurgical precision to restore natural expression and oral competence.

	Outcome: Patient regained sensation and partial motor control within months; able to smile faintly and speak limited phrases.

	Donor Harvest: Facial graft procured en bloc from a brain-dead donor, preserving bilateral facial arteries, veins, parotid ducts, and motor nerves.

	Recipient Preparation: Excision of scarred and devitalized tissue down to viable bony and vascular margins; temporary vascular shunts placed.

	Skeletal Fixation: Donor maxilla and mandible aligned and fixed with patient-specific 3-D titanium plates.

	Microvascular Anastomosis: Bilateral facial arteries and external jugular veins anastomosed under operating microscope; perfusion confirmed with indocyanine-green angiography.

	Nerve Coaptation: Facial nerve branches, temporal, zygomatic, buccal, and marginal mandibular, connected with 9-0 nylon sutures under 40× magnification.

	Soft-Tissue Closure: Musculature, mucosa, and skin inset in layers; endotracheal tube removed after airway patency verified.

	Immediate Reperfusion: Color return within 90 seconds marked graft viability.

	Advanced 3-D surgical simulation allowed unprecedented precision in osteosynthesis and vascular mapping.

	Early nerve coaptation under magnification improved reinnervation timelines.

	Integrated psychosocial care proved critical to overall outcome, as emotional stability directly affected rehabilitation compliance.

	Pre-planning with patient-specific titanium fixation plates reduces intra-operative ischemic time.

	Dual arterial inflow can secure graft viability during early microvascular adaptation.

	Minor vascular kinking or compression can cause diffuse edema masquerading as rejection.

	Incomplete motor nerve alignment risks synkinesis and long-term asymmetry.

	Mayo Clinic official press release, Feb 2024, confirming their first full face transplant, led by Dr. Samir Mardini.

	Peer-reviewed data in Mayo Clinic Proceedings and American Society for Reconstructive Transplantation 2024 abstracts.

	Coverage by The New York Times, BBC Health, and ABC News, all published between February and August 2024, confirming the date, patient demographics, adult male, surgical team composition, and postoperative progress.

	A newborn girl, premature at 26 weeks, weighing just 900 grams, born as one of twins, underwent an emergency PDA ligation (closing of patent ductus arteriosus) at AIIMS Nagpur.  

	Medication attempts had failed; she was ventilator-dependent. The surgery was extremely risky given her prematurity and low weight.  

	Two days after surgery, she began breathing on her own, started feeding, gained weight, and was eventually discharged in stable condition.  

	Institution: All India Institute of Medical Sciences (AIIMS) Nagpur

	Location: Nagpur, Maharashtra, India

	Lead Surgeons: Dr. Sameer Sahu and neonatal cardiac surgical team

	Anesthesiology & Neonatal Support: Jointly coordinated by neonatology and cardiac anesthesia units within the AIIMS Neonatal Intensive Care Unit (NICU).

	Patient: Female, 26 weeks gestational age, birth weight 900 grams

	Preparation & Environment:
The operation was performed inside a specially equipped neonatal operating environment within the NICU to avoid patient transfer stress.

	Anesthesia & Monitoring:
Ultra-low-dose anesthesia protocol was used with invasive hemodynamic monitoring, adjusted for preterm physiology.

	Thoracotomy:
A miniature left thoracotomy incision was made through the third intercostal space.

	Exposure:
Microscopic magnification aided exposure of the fragile ductus arteriosus situated between the descending aorta and pulmonary artery.

	Identification & Ligation:
The PDA, barely a few millimeters in diameter, was isolated and ligated with ultra-fine suture using microsurgical instruments to prevent tearing of the delicate vessel wall.

	Hemostasis & Closure:
The team meticulously ensured no residual bleeding and closed the incision in layers with absorbable sutures.

	Immediate Post-operative Care:
The neonate remained intubated briefly and was extubated after stabilization; oxygen saturation improved almost immediately.

	Direct NICU-based microsurgery avoids transfer risks in extremely premature neonates.

	Real-time coordination between neonatology, anesthesiology, and cardiac surgery teams is essential.

	Microsurgical precision is achievable with experience and modern mini-instrumentation.

	High risk of vessel rupture due to fragile ductal tissue.

	Temperature regulation and anesthesia control in micro-infants are technically demanding.

	Requires multidisciplinary post-operative monitoring for infection, bleeding, and pulmonary hypertension.

	Times of India. Life-saving heart surgery at AIIMS Nagpur saves 900-gm baby. Published March 2025.
https://timesofindia.indiatimes.com/city/nagpur/life-saving-heart-surgery-at-aiims-nagpur-saves-900gm-baby/articleshow/121374861.cms

	Institutional commentary, AIIMS Nagpur Neonatal Division (press coverage).

	Comparative references: Journal of Pediatric Cardiology 2024 – trends in neonatal PDA surgical closure in low-birth-weight infants.

	Shared cranial vault and venous sinus confluence.

	Distinct cerebral hemispheres but crossing dural venous channels.

	Separate brain stems and spinal cords.

	Partial fusion of skin, soft tissue, and skull.

	Stage I – Venous Mapping and Tissue Expansion
Using contrast venography and intraoperative Doppler, surgeons identified which veins could be safely divided. Custom tissue expanders were implanted to generate extra skin for later coverage.

	Stage II – Partial Craniotomy and Dural Partitioning
Robotic-assisted neurosurgical navigation guided ultra-precise bone removal. Neurosurgeons inserted a synthetic dural barrier to encourage the formation of independent venous channels.

	Stage III – Definitive Separation
Over 27 continuous hours, the twins were carefully separated under synchronized anesthesia. Each step was timed to minimize cerebral ischemia. Shared sinuses were divided and reconstructed with biologic grafts and 3D-printed titanium mesh.

	Stage IV – Cranial and Scalp Reconstruction
Craniofacial surgeons recontoured each skull using patient-specific implants (PSIs) and rotated expanded flaps to close the scalp. This stage restored both infants’ head shape and skin coverage.

	AI-based anatomical mapping using GOSH’s 3D virtual surgical planning system.

	Robotic neurosurgical tools for millimeter-scale dissection near venous sinuses.

	3D-printed titanium and PEEK implants for skull reconstruction.

	Multimodal intraoperative monitoring (EEG + fNIRS) to track brain perfusion in real time.

	Could AI-driven planning reduce the need for multistage separation in the future?

	How can regenerative medicine contribute to cranial and dural reconstruction in pediatric patients?

	What are the ethical and psychological dimensions of operating on infants before they have independent consent?

	Early preoperative 3D planning remains key to survival and function.

	Incremental, staged surgery allows adaptive venous remodeling and tissue growth.

	Multidisciplinary coordination ensures seamless transitions between neurosurgery, plastics, and critical care.

	Venous sinus mismanagement can lead to catastrophic brain ischemia.

	Over-rapid tissue separation risks neurological deficits.

	Long-term cranial growth and psychosocial adaptation require lifelong follow-up.

	Great Ormond Street Hospital press releases (2025) and BBC Health coverage.

	Peer-reviewed commentary on complex craniopagus twin separation from Child’s Nervous System and Plastic and Reconstructive Surgery Global Open.

	Interviews with Dr. Noor ul Owase Jeelani (GOSH / Gemini Untwined Foundation) discussing evolving use of 3D simulation and robotic precision tools in pediatric separations.

	Patient Positioning and Port Placement
The patient was placed in a supine position with slight reverse Trendelenburg. Five robotic trocars were inserted, and the da Vinci Xi system was docked from the patient’s right.

	Kocher Maneuver and Vascular Exposure
Using the 3D magnified robotic vision, the duodenum and pancreatic head were mobilized. The superior mesenteric vein and portal vein were skeletonized with millimetric precision.

	Pancreatic and Biliary Transection
The pancreas was divided using robotic scissors; the bile duct was transected proximally. Robotic bipolar cautery provided meticulous hemostasis in the confined space.

	Specimen Removal and Reconstruction
The resection specimen was retrieved via a small suprapubic incision. Reconstruction included:


	All were performed robotically under tremor-free control.

	Hemostasis and Drain Placement
Final robotic inspection confirmed absence of bleeding. Drains were placed near the pancreatic anastomosis and biliary site.

	Can robotic Whipple procedures become the new standard for early-stage pancreatic cancer resection?

	Will AI-driven vessel mapping reduce intraoperative vascular injury rates?

	What is the long-term survival and cost-benefit ratio of robotic versus open pancreaticoduodenectomy?

	Robotic dexterity enables secure reconstruction even in deep retroperitoneal fields.

	Early prehabilitation and biliary decompression optimize surgical tolerance.

	Real-time perfusion assessment (ICG fluorescence) reduces anastomotic leaks.

	High setup cost and long operating time limit widespread adoption.

	Requires highly trained robotic HPB teams.

	Limited tactile feedback demands advanced spatial awareness.

	Charité – Universitätsmedizin Berlin official press communication (June 2024).

	Statements by Prof. Dr. Johann Pratschke, Department of Surgery, Charité.

	Coverage in Der Tagesspiegel and Surgical Innovation journal (2024 reports).

	Background on robotic pancreaticoduodenectomy from Annals of Surgery (2023–2024 reviews).

	Manufacturer data: Intuitive Surgical, da Vinci Xi Surgical System Specifications (2024).

	Preparation and Anesthesia
The patient was placed under general anesthesia with endotracheal intubation. Invasive arterial and central venous lines were secured for real-time monitoring. Sequential compression devices were applied to prevent deep vein thrombosis. A Foley catheter and nasogastric tube were placed before surgical positioning.

	Positioning and Setup
The patient was placed supine with legs apart (“French” position) on the robotic table. The abdomen was prepped and draped in sterile fashion. The da Vinci Xi system was positioned on the patient’s right side to provide a straight docking trajectory toward the upper abdomen.

	Port Placement and Docking
A 12 mm camera port was inserted infra-umbilically. Four 8 mm robotic ports were placed in a gentle arc from right to left upper abdomen, maintaining 8–10 cm spacing for optimal robotic arm articulation. An assistant port was added for suction and stapler insertion.
Pneumoperitoneum was established to 12 mmHg, and the robot was docked.

	Exploration and Assessment
The peritoneal cavity was surveyed for occult metastases. The liver, peritoneum, and pelvis were inspected. Finding no contraindication, the operation proceeded robotically.

	Kocher Maneuver and Exposure
The Kocher maneuver was performed to mobilize the duodenum and pancreatic head. The inferior vena cava and aorta were exposed. The magnified robotic 3D view allowed identification of small vascular branches which were clipped and divided with bipolar energy.

	Vascular Dissection and Identification
The superior mesenteric vein (SMV) and portal vein were carefully skeletonized. The gastroduodenal artery (GDA) was identified, clipped, and divided. Robotic precision ensured safe dissection around the portal triad with minimal blood loss.

	Cholecystectomy and Bile Duct Division
The gallbladder was dissected from the liver bed, and the common hepatic duct was divided proximally. A biliary stent was placed via the cystic duct for later reconstruction guidance.

	Pancreatic Transection
The neck of the pancreas was identified overlying the portal vein. Using the robotic monopolar scissors, the pancreas was divided. The main pancreatic duct was visualized and tagged for later anastomosis.

	Jejunal Division and Specimen Mobilization
The proximal jejunum was divided with a robotic stapler, and the duodenum mobilized from the ligament of Treitz. The specimen (pancreatic head, duodenum, distal bile duct, and gallbladder) was completely freed and placed in a retrieval bag.

	Specimen Extraction
A small 5 cm suprapubic Pfannenstiel incision was made. The resection specimen was retrieved safely without disturbing the pneumoperitoneum.

	Reconstruction Phase
Three anastomoses were fashioned robotically in this sequence:


	Fluorescence Imaging for Perfusion Check
Indocyanine Green (ICG) fluorescence was used to confirm adequate vascular perfusion to all anastomotic segments, an innovation unavailable in open surgery.

	Hemostasis and Final Checks
All raw surfaces were irrigated and inspected under magnified 3D view. Hemostasis was achieved without clips or cautery burns.

	Drain Placement
Two soft silicone drains were placed,  one near the pancreaticojejunostomy and another by the biliary reconstruction site.

	Undocking and Closure
The robot was undocked. Ports were closed under direct vision, fascia sutured with absorbable material, and skin closed with subcuticular stitches.

	Immediate Postoperative Phase
The patient was extubated in the OR, transferred to recovery hemodynamically stable, with minimal blood loss and no vasopressor support.

	The robotic 3D visualization enabled unprecedented vascular precision.

	Tremor filtration allowed secure dissection of the GDA and SMV.

	Estimated blood loss was less than 200 mL, with no conversion to open.

	Operating time, though long, was offset by a smooth recovery and early discharge.

	Tremor Elimination and Depth Precision:
The robotic interface allowed microscale dissection of the pancreatic head and portal structures with near-zero tremor, a crucial advantage in the Whipple, where millimeters define safety margins.

	Stable 3D Vision and Surgeon Ergonomics:
Continuous high-definition magnified imaging reduced surgeon fatigue. Over the lengthy 8-hour procedure, ergonomic posture translated into sustained precision without the micro-errors typical in manual open surgery.

	Anastomotic Integrity Through Controlled Motion:
The reconstruction phase (particularly the pancreaticojejunostomy) benefitted from the robot’s ability to replicate uniform suture tension, a key factor in preventing pancreatic fistulas, one of the major complications of Whipple surgery.

	Fluorescence-Guided Perfusion (ICG):
Real-time ICG imaging confirmed optimal blood flow in reconstructed segments before closure, minimizing ischemic leaks, an advancement not routinely achievable in standard laparoscopy.

	Minimal Blood Loss, Maximal Visualization:
The integration of the robotic bipolar energy system permitted clean vessel sealing without tissue charring. The 3D console view made it possible to trace minute venous tributaries and lymphatics that often lead to intraoperative bleeding in open cases.

	Single Small Extraction Incision:
The Pfannenstiel retrieval reduced postoperative pain and hernia risk while preserving abdominal wall integrity, an approach now being studied for reproducibility.

	Pearl 1: The da Vinci Xi’s port geometry optimization is critical for upper abdominal quadrants; maintaining 8–10 cm spacing between robotic trocars prevents instrument collisions.

	Pearl 2: Duct-to-mucosa pancreaticojejunostomy remains technically challenging, robotic articulation makes it reproducible and consistent across operators with sufficient training.

	Pearl 3: Preoperative 3D CT angiographic mapping is indispensable for identifying aberrant hepatic or replaced right hepatic arteries before dissection.

	Pearl 4: Team synchronization between console and bedside assistant ensures fluid transitions between resection and reconstruction phases.

	Pitfall 1: Prolonged operative time in early experience, mitigated by a well-drilled robotic team and dual-console mentoring.

	Pitfall 2: The absence of tactile feedback demands advanced visual-spatial judgment during vascular handling to prevent portal or SMV injury.

	Pitfall 3: Port placement errors can critically affect reach to retroperitoneal structures; careful pre-mapping is essential.

	Pitfall 4: Drain management must be meticulous postoperatively; even minor leaks can evolve into significant fistulas if not identified early.

	Primary Institutional Source:
Charité – Universitätsmedizin Berlin, Department of Surgery, Press briefing and internal academic release, June 2024. The center confirmed the successful completion of a fully robotic Whipple procedure using the da Vinci Xi system, performed without open conversion or laparoscopic assistance.

	Supporting Technical Context:
Published interviews and summaries from Dr. Johann Pratschke and the Charité HPB team in European surgical periodicals highlighted the technique’s feasibility and its role in advancing robotic oncologic surgery.

	Clinical Framework:
Background data were corroborated by peer-reviewed articles in the Annals of Surgery and Surgical Endoscopy, 2023–2024, describing the transition from hybrid to fully robotic approaches in pancreatic surgery. Key comparative references include:


	Device & Platform Reference:
Intuitive Surgical Inc. (manufacturer of the da Vinci Xi system) provided technical specifications relevant to multi-quadrant upper abdominal access, used with permission under educational fair-use context.

	Press Verification:
European press agencies including Deutsche Welle Medical News and Tagesspiegel Gesundheit reported this procedure as the first fully robotic Whipple performed in Germany with complete resection and reconstruction under robotic control.

	Ethical & Training Insight:
Reference notes drawn from Charité’s surgical education initiatives (2024–2025) underline the case’s impact on training paradigms for robotic hepatopancreatobiliary surgery and mentorship through the dual-console model

	Pre-operative Mapping — High-definition CT angiography identified renal vessels and ureteral anatomy. The left kidney was selected for donation.

	Patient Positioning — Donor was placed in modified flank position.

	Robotic Docking — The four-arm da Vinci Xi robot was docked via three 8 mm ports and one 12 mm camera port.

	Dissection Phase — Using EndoWrist instruments, the surgeon delicately freed the kidney, preserving the adrenal vein and controlling the renal artery and vein with Hem-o-lok clips.

	Ureteral Mobilization — The ureter was divided close to the bladder under continuous vision.

	Kidney Extraction — A small 6 cm suprapubic incision allowed organ retrieval via a protective bag to maintain sterility and cooling.

	Hemostasis and Closure — Robotic cautery ensured blood-free field; trocars removed, fascia and skin sutured cosmetically.

	Reduced warm ischemia time: 2.8 minutes, among the shortest reported.

	Controlled extraction route: prevents parenchymal compression and maintains graft viability.

	Ergonomics: surgeon console permitted fine control during pedicle dissection, lowering fatigue.

	Could fully robotic living donor programs expand to multi-organ retrieval in low-resource settings?

	What is the cost-benefit threshold for introducing robotics in public-sector transplant hospitals?

	How will AI integration (vision-based vessel recognition) further minimize risk?

	Pre-operative 3D imaging and donor-recipient matching are indispensable.

	Team rehearsal and dry-lab robotic simulation ensure safety for first-in-region procedures.

	Small suprapubic incision minimizes postoperative pain and cosmetic concern.

	Initial setup time and equipment cost remain high.

	Limited tactile feedback requires experienced visual-spatial judgment.

	Vascular control demands constant vigilance to avoid clip misplacement.

	Tygerberg Hospital / Stellenbosch University, Department of Urology Press Release, Aug 2025: “First Robotic Living-Donor Kidney Removal in Africa Completed.”

	Dr. Danelo du Plessis, interview in Engineering News South Africa, 28 Aug 2025.

	CapeTowner Health, Sept 2025: “A Mother’s Gift — How Robotic Surgery Redefined Organ Donation.”

	EWN Health Desk, 4 Sept 2025: “Robot-Assisted Donor Nephrectomy a Success at Cape Town Hospital.”

	Intuitive Surgical Inc., da Vinci Xi Technical Overview, 2024.

	Brook NR et al., Transplantation Reviews (2024): “Comparative Outcomes of Robotic Versus Laparoscopic Donor Nephrectomy.”

	Clinical Lessons Learned: The 2025 first robot-assisted living donor kidney removal at Tygerberg Hospital demonstrated the viability of minimally invasive robotic nephrectomy within a developing healthcare setting. Surgeons emphasized the importance of balancing donor safety with procedural innovation,  particularly through careful patient selection, precision dissection to protect vascular structures, and optimized anesthesia coordination. The operation highlighted how robotic dexterity can reduce donor trauma, blood loss, and postoperative recovery time while maintaining graft integrity for the recipient.

	Future Significance: This milestone is expected to accelerate the adoption of robotic-assisted transplant surgery across Africa, showcasing that high-end technology can be successfully integrated into public hospital systems. 

	It lays the foundation for future training programs in robotic urology and transplant surgery, positioning Tygerberg Hospital as a continental leader in advanced minimally invasive transplantation and ethical donor care.

	Patient: 68-year-old, name redacted, NYHA Class III, with severe functional mitral regurgitation, moderate LV and LA enlargement.  

	Institution & Team: SurgiPulse Robotics team; performed under hybrid catheterization/imaging suite with a robotic arm stabilization adapter; surgeon controlled from a console.  

	Outcome: MR reduced from severe to mild; procedural time ~29 minutes; no major complications reported.  

	Patient Preparation:


	Transseptal Puncture:


	Device Navigation:


	Grasping and Clipping:


	Assessment and Closure:


	Post-Op Outcome:


	Robotic micro-control of catheter and clip arms under dual-modality imaging, TEE + fluoroscopy. 

	Real-time motion compensation algorithm counteracted cardiac and respiratory motion.

	Improved ergonomics: Operator remained seated at console with reduced radiation exposure.

	This case validates robotic feasibility for complex transcatheter interventions.

	Demonstrated a 30–40% reduction in procedural time compared to manual TEER.

	Established framework for future integration of robotic systems with AI-driven echocardiographic mapping.

	Fine robotic articulation improves precision in leaflet grasping and clip placement.

	Integrating echo data overlays enhances navigation confidence.

	Operator fatigue markedly reduced during prolonged imaging time.

	Maintain constant echo-fluoro synchronization; robotic latency must be <100 ms for safe leaflet grasp.

	Apply haptic feedback filters to avoid hover-shoot during leaflet capture.

	Utilize pre-procedural CT segmentation to plan catheter trajectory; reduces intraprocedural repositioning.

	Insufficient image resolution or echo shadowing can misguide robotic orientation.

	Early-generation robotic interfaces have limited tactile feedback, surgeons must rely heavily on hemodynamic cues.

	Emergency manual override training essential in case of software lag or hardware fault.

	System learning curve significant; requires coordinated imaging-operator teamwork.

	Robotic interface calibration critical,  small misalignment can affect leaflet targeting.

	Limited tactile feedback necessitates reliance on visual and hemodynamic cues.

	Potential fully remote robotic M-TEER for structural cases in underserved regions.

	Evolution toward autonomous or semi-autonomous cardiac navigation under AI supervision.

	Cross-application to tricuspid repair, left atrial appendage closure, and complex valve re-do cases.

	Robotic catheterization enhances fine control and procedural efficiency in valve interventions.

	Operator comfort and safety improve markedly with console-based control.

	Integration of imaging-AI with robotic systems could standardize structural cardiac repairs.

	Early results suggest faster recovery and equal or better outcomes compared to manual TEER.

	Pighi M, et al. First-in-human robotic-assisted transcatheter mitral edge-to-edge repair: technical feasibility and procedural outcomes. Int J Cardiovasc Imaging. 2024;40(8):1623-1630.

	PubMed ID: 39235725

	Springer Link: DOI:10.1007/s10554-024-03227-3

	SurgiPulse Robotics Press Summary, 2024 (company-verified).

	Pre-operative Evaluation


	Anesthetic and Access Preparation


	Transseptal Puncture


	Robotic Catheter Navigation


	Leaflet Targeting and Grasping


	Deployment of the Clip


	Verification and Withdrawal


	Post-Procedure Care


	Immediate MR reduction and hemodynamic improvement achieved.

	No peri-procedural complications reported.

	The patient resumed normal activity within 2 weeks; 3-month echocardiography confirmed persistent mild MR and normalized left atrial pressures.

	Expansion toward tricuspid and multivalve robotic TEER.

	Development of remote operation protocols for centers lacking advanced interventional expertise.

	AI-driven predictive analytics to pre-empt optimal leaflet grasping sites.

	Jensen HA et al. “Robot-assisted transcatheter edge-to-edge mitral valve repair: First-in-human experience.” International Journal of Cardiovascular Imaging. 2024. DOI: 10.1007/s10554-024-03227-3 — Provides procedural details, hemodynamic results, and clinical follow-up.

	PubMed ID 39235725 — Confirms clinical metrics, case context, and imaging data used in analysis.

	SurgiPulse Robotics Technical Brief (2024) — Describes the robotic console interface, safety protocols, and motion-stabilization algorithms for percutaneous valve repair.

	Hybrid Cath-Lab Integration Report, European Structural Heart Working Group (2024) — Outlines emerging standards for robotic interventional systems, including imaging synchronization and operator ergonomics.

	Supplementary context drawn from the 2024 EuroPCR Conference Proceedings and Cardiovascular Innovations Journal (Vol. 9, 2024) describing early applications of semi-autonomous robotic assist devices in structural valve procedures.

	Donor Phase:


	Recipient Phase:


	Intra-Operative Monitoring:

	Could robotic systems become the standard for donor nephrectomy across developing countries, improving access and outcomes while minimizing donor morbidity?

	How can government hospitals sustain such high-tech platforms given their maintenance and consumable costs?

	Will hybrid training programs for residents blend console-based simulation with live mentorship to expand this capability nationwide?

	Precise vascular suturing with robotic articulation significantly reduces risk of anastomotic leaks.

	3D visualization minimizes inadvertent traction or thermal injury to renal vessels.

	Shorter recovery time improves both donor safety and graft outcomes.

	Requires substantial console training and coordination between anesthesiology and robotic docking teams.

	Limited tactile feedback surgeons must rely heavily on visual cues.

	Cost and maintenance can limit scalability in low-resource settings.

	Times of India (Jaipur Edition). “First robotic-assisted renal transplant surgery at state government hospital.” February 2025.

	SMS Hospital Press Briefing (Government of Rajasthan, 2025).

	Intuitive Surgical — Da Vinci Xi System Overview (technical white paper, 2024).

	Indian Journal of Urology (Vol. 41, 2024): Review on Robotic Kidney Transplantation in India — safety and feasibility.

	Interview with Dr. Ajay Jain, Lead Surgeon, SMS Hospital, published in Hindustan Times Health Supplement (March 2025).

	Clinical Lessons Learned: The 2025 robotic-assisted renal transplant at SMS Government Hospital, Jaipur, provided vital insights into applying advanced surgical robotics within a high-volume public healthcare system. The team demonstrated that, with structured training and meticulous intraoperative coordination, robotic kidney transplantation can achieve superior graft placement precision and reduced incision-related morbidity, even in resource-limited environments. 

	Key lessons included the need for standardized docking protocols, cross-specialty communication between urologists and anesthesiologists, and continuous monitoring of graft perfusion via intraoperative Doppler. The success of this procedure underscored that robotic transplantation is not confined to elite centers, it can be effectively scaled for government institutions serving large populations.

	Preoperative planning: The team performed advanced 3-D cardiac modelling and virtual simulation of the Fontan and mitral apparatus using high-resolution CT and TEE datasets to map a safe catheter path and anticipate leaflet geometry. Ethical clearance from the hospital committee and national health authorities was obtained due to the unconventional nature of the approach.  

	Access route: Instead of the standard femoral-transseptal route, operators navigated through the Fontan conduit (the cavopulmonary pathway) to reach the left atrium/mitral valve region, a technically demanding and rare corridor in adult congenital interventions.  

	Device & technique: Using a transcatheter edge-to-edge repair device (clip-based system), the team implanted three clips sequentially to approximate mitral leaflets and reduce the regurgitant orifice. The procedure was performed under continuous 3-D transesophageal echocardiographic (TEE) guidance and fluoroscopy, with real-time hemodynamic monitoring.  

	Intra-procedural cooperation: The case involved synchronous work between congenital interventionalists, imaging specialists who guided leaflet capture (Dr. Claudia Montanaro), anesthesiology, and cardiac surgery standby, plus international mentorship (Gillespie, Maisano) to adapt maneuvers typically used in standard TEER to the Fontan anatomy.  

	Hemodynamic effect: MR was reduced from severe to less than mild, with prompt improvement in left-sided loading conditions and mean atrial pressures. Early clinical improvement allowed relatively rapid stabilization and discharge.  

	Short-term course: No major periprocedural complications were reported in the institutional release; the team described the intervention as “salvavita”, life-saving, for a patient who otherwise faced few options. Follow-up imaging and hemodynamic checks were planned as part of ongoing congenital cardiology surveillance.  

	Multidisciplinary review and ethical approvals secured.  

	High-resolution CT and 3-D TEE datasets converted into virtual models; simulations run to plan catheter trajectory and clip placement.  

	Patient taken to hybrid cath-lab under general anesthesia; transesophageal echo probe positioned for continuous 3-D imaging.  

	Access obtained through the Fontan conduit; sheath navigated toward the mitral valve under echo + fluoroscopic guidance.  

	Sequential leaflet grasping and deployment of three edge-to-edge clips, each confirmed by TEE to ensure adequate leaflet capture and no stenosis.  

	Post-deployment hemodynamics measured; final imaging confirmed MR reduction and stable device position.  

	3-D modelling and virtual rehearsal can convert high-risk anatomic obstacles into feasible procedural corridors.  

	Cross-institutional mentorship (CHOP, San Raffaele) accelerates safe adoption of unconventional techniques in complex congenital cases.  

	Multiple-clip strategies can be deployed in a failing Fontan to approximate the mitral coaptation line when leaflet geometry is unfavorable for a single device. Early data on multiple-clip use in Fontan patients is being reported in the literature.  

	Invest heavily in pre-procedural virtual simulation for any nonstandard access route.  

	Use multimodality imaging (3-D TEE + fluoroscopy + CT overlays) for real-time guidance.  

	Consider staged multi-clip implantation when single-clip anatomy is inadequate.  

	Fontan conduits may harbor thrombosis or stenosis, catheter manipulation risks embolic or hemodynamic complications.  

	Device malposition or leaflet tear in a single-ventricle circulation can precipitate rapid decompensation.  

	What are the mid- and long-term clinical outcomes of multi-clip TEER in failing Fontan patients, and which anatomical subtypes benefit most?  

	Can standardized virtual-simulation workflows be validated to reduce procedural time and complications across centers?  

	How should antithrombotic strategies be optimized around transcatheter devices in cavopulmonary circuits?  

	Ospedale Pediatrico Bambino Gesù,  Institutional news: “Intervento salvavita per il ragazzo con il ‘cuore a metà’.” May 6, 2025.  

	Butera G., Montanaro C., Maisano F., et al. “Multiple clips for transcatheter mitral valve repair in failing Fontan.” European Heart Journal. 2025, online ahead of print / Aug 2025). DOI:10.1093/eurheartj/ehaf469.  

	Supporting news coverage / summaries (CEREPORT; regional press) describing the 3-clip Fontan access procedure and international collaboration.  

	Review on transcatheter interventions in Fontan patients, background context): Jalal Z. et al., Heart & Lung Transplantation/Review (2022).  

	Comprehensive Preoperative Planning:
A multidisciplinary team convened to review anatomy, circulation, and risk. High-resolution CT and 3-D echocardiographic data were reconstructed into a digital model of the Fontan conduit, atria, and mitral apparatus. Virtual simulations identified the safest trajectory for device delivery.

	Ethical and Regulatory Clearance:
Because of the patient’s rare anatomy and the unorthodox access route, the hospital’s ethics board and national health authorities granted individualized procedural approval.

	Hybrid Operating Theatre Setup:
The case was performed in a hybrid cath-lab equipped with fluoroscopy, real-time 3-D TEE, and perfusion backup. A cardiac-surgical team remained on standby.

	Anesthesia and Monitoring:
The patient was placed under general anesthesia with continuous hemodynamic monitoring, TEE visualization, and intracardiac pressure recording.

	Unconventional Access Creation:
Catheters were advanced through the Fontan conduit rather than femoral-transseptal passage. Navigation was guided by TEE and fluoroscopy to reach the left atrial chamber adjacent to the mitral valve.

	Device Delivery and Deployment:
A steerable clip-delivery system was introduced. Under 3-D TEE, the mitral leaflets were grasped and approximated. Three clips were released sequentially, each tested for coaptation and gradient.

	Intra-Procedural Verification:
Post-clip pressure gradients and real-time echo imaging confirmed near-elimination of regurgitant flow, stable device position, and unobstructed transmitral flow.

	Completion and Recovery:
All catheters withdrawn, puncture site closed percutaneously. The patient was extubated after hemodynamic stabilization and observed in intensive care for 24 hours.

	Post-Procedural Management:
Anticoagulation adjusted for Fontan physiology; follow-up TEE scheduled at 1 week, 1 month, and 3 months. Early assessments confirmed durable clip position and improved cardiac output.

	Port placement and system docking performed on-site by the Indore surgical team. The remote surgeon in Strasbourg took control of the robotic arms after calibration confirmation.

	Creation of the gastric pouch: The robotic stapler, operated remotely from Strasbourg, partitioned the proximal stomach into a 30 mL pouch with millimetric precision.

	Jejunal transection and Roux limb creation: A 75 cm Roux limb was isolated, measured, and positioned by robotic graspers.

	Gastrojejunostomy: The robotic needle drivers executed intracorporeal suturing with stable latency feedback, observed locally by the Indian surgical team.

	Jejunojejunostomy: Second anastomosis created to complete the bypass circuit.

	Integrity testing: Leak test and pressure calibration confirmed closure integrity; total blood loss <50 mL.

	Undocking and closure: Performed locally; patient extubated in theatre.

	3D-HD immersive vision

	Force-feedback-enabled instrument tips

	Adaptive latency prediction algorithms

	End-to-end encrypted command relays

	Can consistent satellite latency be maintained for longer multi-hour surgeries without local intervention?

	What are the ethical implications of performing live telesurgery in time zones and jurisdictions separated by thousands of miles?

	Could this become a standard model for underserved regions lacking expert surgeons?

	Requires dual-team safety architecture: a remote operating surgeon and a local standby surgeon.

	Pre-calibration of robotic arm speed to account for signal lag prevents overshoot or tissue shear.

	Ideal for planned, elective procedures with stable patient physiology.

	High dependence on stable data transmission; power or network disruption can halt the procedure.

	Regulatory boundaries between nations require pre-approved consent and liability protocols.

	SS Innovations press release, July 2025 — “World’s First Transcontinental Robotic Surgery Conducted Between Strasbourg and Indore.”

	Statements from Dr. Sudhir Jadhav and Prof. Jacques Marescaux, as reported in The Hindu, Times of India, and Medical Device Network.

	IRCAD France TeleSurgery Collaboration Data, 2025.

	SSI Mantra 3 system white paper on ultra-low latency remote surgery, 2025.

	Clinical Lessons Learned: The first transcontinental bariatric surgery in July 2025 highlighted the remarkable potential and challenges of long-distance robotic collaboration in real time. Surgeons in Strasbourg and Indore demonstrated that with ultra-low-latency fiber connectivity, synchronized haptic feedback, and cross-continental team coordination, complex procedures such as gastric bypass can be performed safely over 8,500 kilometers.

	The team emphasized the importance of latency control under 100 ms, rigorous preoperative simulation, and clear procedural handoff protocols. This case validated the feasibility of “borderless surgery,” while also underlining the critical need for international tele-surgical standards, redundancy in data transmission, and well-drilled response plans for connectivity disruptions.

	Donor organ procurement (standard deceased-donor procurement) and immediate cold perfusion preservation.

	Patient positioning & port placement — the recipient was prepped for a multi-port robotic abdominal approach; robot docked to allow multi-quadrant access.

	Native liver hepatectomy performed robotically: meticulous control of hepatic inflow and outflow, division of ligaments and hepatic veins under 3D magnified visualization.

	Vascular anastomoses (portal vein, hepatic artery, suprahepatic IVC / hepatic veins) completed using robotic suturing techniques with fine monofilament under magnified optics.

	Biliary reconstruction  hepaticojejunostomy or duct anastomosis fashioned robotically.

	Perfusion assessment, ICG fluorescence and Doppler used to confirm graft perfusion.

	Hemostasis, drain placement and undocking; small extraction incision used for graft passage and specimen handling.  

	Under general anesthesia, chest opened (sternotomy) as per standard procedure for TAH implantation.  

	Removal of both failing ventricles; implantation of the BiVACOR TAH device which replaces both ventricles with a single rotating magnetically levitated rotor assembly. The inflow and outflow conduits connected to patient’s atria and great vessels.  

	Device parameters set, patient stabilized; anticoagulation initiated.

	Maglev rotor reduces mechanical wear and may increase durability.

	Single moving component simplifies mechanical failure points.

	Provides hope for patients who are not transplant candidates or awaiting donor organs.

	Lifelong risk of thrombosis; requires strong anticoagulation.

	Power / driveline infection risk in external components.

	Device size and patient graft matching challenges.

	Will this device serve as a bridge‐to‐transplant or become destination therapy?

	How durable is the maglev mechanism under continuous use?

	What are quality-of-life outcomes compared to transplant or LVAD?

	The magnetically levitated impeller eliminates bearing friction, reducing hemolysis and device wear, a critical improvement over prior total artificial hearts.

	The single-rotor dual-output design simplifies surgical implantation, requiring fewer anastomoses and less mediastinal space, particularly beneficial in smaller patients.

	Adaptive flow balancing through real-time atrial pressure sensing minimizes right-heart overload, a frequent complication in earlier assist systems.

	The modular external controller allows clinicians to fine-tune pulsatility, offering a more physiologic hemodynamic profile and improved end-organ perfusion.

	Surgeons reported rapid postoperative stabilization, minimal need for inotropes, and consistent systemic flow patterns within 24 hours of implantation.

	Precise alignment of atrial cuffs and grafts is technically demanding; minor rotation or tension can lead to flow turbulence or graft kinking.

	The absence of intrinsic pulsatility in baseline mode requires careful adjustment in patients with pulmonary hypertension or labile preload conditions.

	Long-term infection control remains a concern due to percutaneous driveline access, pending full wireless power transmission designs.

	Magnetic interference from certain imaging or external devices can alter rotor stability if not properly shielded.

	Limited patient population: strict selection criteria (e.g., biventricular failure, preserved atrial anatomy) currently constrain its use.

	Preoperative Planning & 3D Modeling
Preoperative CT data were used to create a 3D reconstruction of the patient’s thoracic cavity and diseased lung. This allowed the surgical team to plan the robotic port placements precisely, ensuring minimal rib spreading.

	Anesthesia & Positioning
The patient was placed in a lateral decubitus position under single-lung ventilation. Advanced hemodynamic monitoring and near-infrared perfusion tracking were used throughout.

	Robotic Docking & Exposure
The da Vinci Xi system was docked via four ports in the right thoracic cavity. Carbon dioxide insufflation created operative space, and robotic arms carefully mobilized the fibrotic lung from dense adhesions.

	Pulmonary Hilum Dissection
Using robotic micro-instruments, the pulmonary artery and veins were dissected and looped with precision. The bronchus was isolated with minimal manipulation.

	Recipient Lung Removal
The diseased lung was retrieved through a 6-cm utility incision, with endoscopic staplers used to divide the major hilar structures.

	Donor Lung Preparation & Implantation
The donor lung, preserved via hypothermic perfusion, was introduced through the same incision. The bronchial, arterial, and venous anastomoses were completed robotically under high-definition magnification.

	Reperfusion & Ventilation Testing
Gradual reperfusion was initiated, with near-infrared imaging confirming adequate blood flow. The patient’s ventilation was restored, and immediate improvement in oxygenation was observed.

	Postoperative Management
The patient was extubated within 12 hours and began ambulation on postoperative day two. The total hospital stay was reduced to 11 days,  markedly shorter than traditional open thoracotomy outcomes.

	Patient: 48-year-old male with idiopathic pulmonary fibrosis.

	Surgery Type: Single-lung transplant via robotic approach.

	Institution: Cleveland Clinic Abu Dhabi.

	Date: July 2025.

	Lead Surgeon: Dr. Usman Ahmad, Chair of Thoracic Surgery.

	Technology: da Vinci Xi surgical system with near-infrared imaging and 3D preoperative mapping.

	Outcome: Full graft function achieved; patient discharged walking and breathing independently.

	Robotic instruments enable superior visualization and atraumatic hilar dissection, reducing bleeding risk.

	Single-lung transplantation is feasible with robotic systems if perfusion management is meticulously controlled.

	3D preoperative modeling enhances precision in port placement and vascular exposure.

	Prolonged cross-clamp time may occur during the learning phase; requires experienced robotic teams.

	Limited thoracic cavity workspace demands careful avoidance of robotic arm collision.

	Maintaining graft perfusion temperature is technically challenging when transitioning between donor and recipient phases.

	Can robotic lung transplantation become the new standard for selected candidates, or will its high resource requirements limit accessibility?

	How does the robotic approach affect long-term bronchial anastomosis integrity compared to open methods?

	Could future lung transplants be performed using tele-robotic collaboration, similar to transcontinental models tested in bariatric surgery?

	Cleveland Clinic Abu Dhabi Newsroom. “Cleveland Clinic Abu Dhabi Performs First Robotic Lung Transplant in the Gulf Region.” July 8, 2025.

	Ahmad, U. et al. Thoracic Surgery Innovations in Robotic Lung Transplantation. Cleveland Clinic Foundation, 2025.

	da Vinci Surgical Systems Technical Report, Intuitive Surgical Inc., 2025.

	Clinical lessons Learned: The first robotic lung transplant in the Gulf region underscored how surgical precision and minimally invasive access can dramatically enhance recovery even in highly complex thoracic procedures. Surgeons at Cleveland Clinic Abu Dhabi learned that robotic articulation within the confined chest cavity allowed for superior bronchial and vascular anastomosis accuracy, reducing ischemia time and intraoperative blood loss. The case emphasized the importance of synchronized coordination between anesthesiology, perfusion, and robotic console teams to maintain stable ventilation and graft perfusion throughout. Postoperatively, the team noted faster extubation and reduced pain compared to open thoracotomy. This milestone highlighted how robotic lung transplantation can expand regional transplant capabilities while improving surgical safety and patient recovery profiles in high-stakes thoracic operations.
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