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ABSTRACT 

 

 

ARTICLE DETAILS 

 
Microsurgery has revolutionized the field of plastic and reconstructive surgery by enabling precise 

manipulation of small vessels and nerves, allowing for complex reconstructions that restore both 

form and function. Its principal applications include free tissue transfer, nerve repair, replantation, 

and lymphatic surgery. Recent developments such as perforator and supermicrosurgical flaps have 

minimized donor-site morbidity and expanded reconstructive possibilities, particularly in 

oncologic and post-traumatic settings. Technological advancements—including robotic-assisted 

microsurgery and advanced imaging modalities like near-infrared fluorescence and MR 

lymphography—have enhanced surgical accuracy and intraoperative decision-making. Despite 

these advances, microsurgery remains technically demanding, with complications such as vascular 

thrombosis, flap failure, and systemic medical events requiring vigilant perioperative 

management. Continuous innovation, careful patient selection, and adherence to microsurgical 

principles are essential to achieve optimal outcomes and further refine the field’s safety and 

effectiveness. 
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INTRODUCTION 

Microsurgery in plastic and reconstructive surgery 

encompasses the use of specialized instruments and 

magnification to perform precise operations on small 

anatomical structures, particularly blood vessels and nerves. 

Its principal applications include free tissue transfer (free 

flaps), nerve repair, replantation of amputated parts, and 

lymphatic surgery.[1-5] Free tissue transfer has become a 

cornerstone of modern reconstructive surgery, enabling the 

restoration of complex defects in the head and neck, 

extremities, breast, and craniofacial regions by transplanting 

vascularized tissue from distant sites and reestablishing 

circulation via microvascular anastomoses.[5-7] 

Recent advances have focused on perforator flaps, which 

minimize donor site morbidity by preserving underlying 

muscle and function, and on the development of “freestyle” 

flaps that allow for patient-specific, customized 

reconstruction based on detailed anatomical 

knowledge.[2][4] Supermicrosurgery, defined as the 

manipulation of vessels and nerves with diameters as small as 

0.3–0.8 mm, has expanded the scope of lymphatic surgery 

and enabled minimally invasive, functionally superior 

reconstructions, particularly in the management of cancer-

related lymphedema.[1][3][8] 

Technological innovations have further enhanced 

microsurgical outcomes. Robotic-assisted microsurgery, 

using platforms such as the da Vinci and MUSA systems, has 

improved precision and reduced operative times, while 

advanced imaging modalities—including MR lymphography 

and near-infrared fluorescence—have optimized preoperative 

planning and intraoperative decision-making.[1] Composite 

tissue allotransplantation, such as face and limb 

transplantation, represents a frontier in reconstructive 

microsurgery, combining technical expertise with 

immunological management to restore both form and 

function in patients with devastating injuries.[3][6-7] 

Microsurgical success depends on meticulous technique, 

appropriate patient selection, and rigorous perioperative 
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management, including flap monitoring and thrombolytic 

therapy when indicated.[5] The continuous evolution of 

microsurgical methods, including the integration of artificial 

intelligence and robotics, promises further improvements in 

precision, efficiency, and patient outcomes.[1-2] 

Complications  

Microsurgical techniques, as applied in plastic and 

reconstructive surgery, neurosurgery, and other 

subspecialties, are associated with a spectrum of potential 

complications. The most common and clinically significant 

complications include: 

1. Vascular Complications: Thrombosis of the arterial or 

venous anastomosis is a leading cause of flap failure in 

microvascular free tissue transfer, with local thrombosis 

resulting in vascular compromise and systemic events such as 

deep venous thrombosis (DVT) or pulmonary embolism (PE) 

also reported. Venous thromboembolism is a serious, 

potentially life-threatening complication, and its risk may be 

increased by intraoperative hypothermia, prolonged operative 

time, and patient comorbidities.[1-2] 

2. Flap-Related Complications: Flap failure, hematoma 

formation, wound dehiscence, infection, and fistula are well-

documented. Hematoma and flap failure tend to occur early 

postoperatively, while donor site infection and wound 

dehiscence may present later during hospitalization.[3] 

3. Catastrophic Medical Outcomes: Large database analyses 

have identified rare but severe complications such as stroke, 

cardiac arrest, and prolonged respiratory failure. These events 

are more likely in patients with advanced age, higher ASA 

class, significant comorbidities (e.g., diabetes, hypertension, 

COPD), and in cases with longer operative times or non-clean 

wounds. Head and neck reconstructions carry a higher risk of 

catastrophic outcomes compared to other anatomical sites.[2] 

4. Neurological Complications: In neurosurgical 

microsurgery, particularly for intracranial aneurysm clipping, 

complications include symptomatic cerebral ischemia, 

rebleeding, surgical site hematoma, and incomplete aneurysm 

exclusion. Severe complications (death or significant 

disability) are infrequent but can occur, especially in cases 

with ruptured aneurysms or complex vascular anatomy.[4-5] 

5. General Surgical Complications: Microsurgical principles 

are designed to minimize tissue trauma, but nonadherence can 

result in adhesions, iatrogenic injury to adjacent structures, 

and compromised functional outcomes. In minimally 

invasive reproductive surgery, improper technique may lead 

to port site metastasis, parasitic myomas, and peritonitis.[6] 

6. Procedure-Specific Complications: In microendoscopic 

spine surgery, dural tears and reherniation are notable risks, 

with some studies suggesting higher rates compared to open 

procedures, though overall serious adverse events remain 

low.[7] 

7. Ophthalmic Microsurgery: In cataract surgery, 

complications include wound leak, hypotony, 

endophthalmitis, thermal injury, Descemet membrane tears, 

corneal edema, uveitis, and persistent elevated intraocular 

pressure. Most are infrequent and often transient, but major 

complications such as retinal detachment or endophthalmitis 

can have significant consequences.[8] 

Risk stratification and meticulous adherence to microsurgical 

principles are essential to minimize these complications. 

Patient selection, optimization of comorbidities, 

intraoperative monitoring (including temperature), and 

postoperative surveillance are critical components of 

complication prevention and management.[1-5] 

 

CONCLUSION 

Microsurgery stands as one of the most transformative 

advances in modern reconstructive surgery, providing 

unparalleled precision in restoring complex anatomical 

structures and functions. Through free tissue transfer, nerve 

repair, lymphatic surgery, and replantation, microsurgical 

techniques have expanded the boundaries of what can be 

reconstructed, enabling functional and aesthetic recovery 

even in the most challenging defects. Ongoing innovations—

such as supermicrosurgery, robotic-assisted platforms, and 

advanced imaging—continue to refine surgical accuracy, 

reduce morbidity, and personalize reconstruction to 

individual patient needs. However, despite its sophistication, 

microsurgery remains technically demanding and carries 

inherent risks, including vascular thrombosis, flap failure, and 

systemic complications. Optimal outcomes depend on 

meticulous technique, comprehensive perioperative care, and 

interdisciplinary collaboration. As technology evolves, the 

integration of robotics, artificial intelligence, and 

microsurgical simulation promises to further enhance safety, 

precision, and long-term reconstructive success, solidifying 

microsurgery’s role as the gold standard in complex 

reconstructive procedures. 
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