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Introduction. End-stage renal disease remains one of the leading causes of 

morbidity and mortality worldwide and continues to represent a major challenge for 

modern nephrology and transplant surgery. Progressive deterioration of renal 

function results in severe metabolic abnormalities, cardiovascular disorders, 

immune dysfunction, and a substantial reduction in quality of life. Although dialysis 

techniques have significantly improved survival among patients with terminal renal 

insufficiency, kidney transplantation continues to be recognized as the most 

effective and physiologically beneficial treatment modality for patients with 

irreversible renal failure. 

The development of kidney transplantation has become one of the greatest 

achievements of modern surgery. Over recent decades, remarkable improvements 

in microsurgical techniques, vascular reconstruction, organ preservation methods, 

anesthesiology, perioperative management, and intensive care support have 

considerably increased both short-term and long-term graft survival rates. 

Nevertheless, the surgical success of transplantation alone cannot guarantee 

favorable long-term outcomes. One of the principal barriers to graft survival remains 

the immunological response of the recipient against donor antigens, which may lead 

to acute or chronic rejection. 

For this reason, immunosuppressive therapy represents the cornerstone of 

postoperative transplant management. The introduction of modern 

immunosuppressive agents has dramatically reduced the incidence of acute rejection 

episodes and improved graft survival rates. However, long-term 

immunosuppression simultaneously creates multiple clinical problems, including 

severe infections, nephrotoxicity, metabolic disorders, delayed wound healing, 

malignancies, and cardiovascular complications. 

The interaction between surgical trauma, ischemia-reperfusion injury, 

immune activation, and pharmacological immunosuppression forms a highly 

complex pathophysiological environment in transplant recipients. Consequently, 
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modern transplant surgery requires not only technical surgical expertise but also 

precise perioperative immunological control and multidisciplinary postoperative 

monitoring. 

Surgical principles of kidney transplantation 

Kidney transplantation is a technically demanding surgical procedure 

involving implantation of a donor kidney into the iliac fossa of the recipient. The 

operation includes vascular anastomosis of the renal artery and renal vein to the iliac 

vessels, followed by reconstruction of the urinary tract through 

ureteroneocystostomy. Every stage of the procedure requires meticulous 

microsurgical precision because even minor technical errors may result in severe 

postoperative complications and graft dysfunction. 

The success of transplantation depends heavily on perioperative factors such 

as donor organ quality, ischemia duration, preservation techniques, intraoperative 

hemodynamic stability, and prevention of vascular thrombosis. Cold ischemia time 

is particularly important because prolonged ischemia contributes to endothelial 

injury, oxidative stress, and delayed graft function. Ischemia-reperfusion injury 

activates inflammatory cascades involving cytokines, complement activation, 

endothelial dysfunction, and leukocyte infiltration, all of which significantly 

influence early postoperative graft performance. 

In the immediate postoperative period, careful monitoring of urine output, 

serum creatinine levels, electrolyte balance, and graft perfusion is mandatory. 

Doppler ultrasonography remains one of the most valuable diagnostic tools for early 

identification of vascular compromise and perfusion abnormalities. Surgical 

complications such as thrombosis, hemorrhage, urinary leakage, and lymphocele 

formation require rapid diagnosis and intervention in order to preserve graft 

viability. 

Another important surgical challenge is the prevention of postoperative 

wound complications. Immunosuppressive therapy negatively affects collagen 

synthesis and tissue regeneration, thereby increasing the risk of wound infection, 

dehiscence, and delayed healing. These complications are especially common in 

obese patients, diabetic recipients, and individuals receiving high-dose 

corticosteroids or mTOR inhibitors. 

The immunological basis of graft rejection is extremely complex and involves 

coordinated activation of both cellular and humoral immune responses. Donor 

organs contain foreign HLA antigens that are recognized by the recipient’s immune 

system as non-self structures. This recognition initiates a cascade of immune 

reactions aimed at eliminating the transplanted tissue. 
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Antigen-presenting cells process donor antigens and activate CD4+ and 

CD8+ T lymphocytes through major histocompatibility complex pathways. 

Activated T cells subsequently release pro-inflammatory cytokines including 

interleukin-2, interferon-gamma, and tumor necrosis factor-alpha. These mediators 

stimulate cytotoxic immune responses that directly damage graft endothelial and 

parenchymal tissues. 

Humoral immunity also plays a critical role in graft rejection. B lymphocytes 

produce donor-specific antibodies capable of activating complement pathways and 

inducing antibody-mediated rejection. Chronic antibody-mediated injury 

contributes to progressive vascular fibrosis, glomerulosclerosis, and irreversible 

graft dysfunction. 

Hyperacute rejection occurs immediately after transplantation due to 

preexisting antibodies in the recipient. Acute rejection usually develops during the 

first months after surgery and is often reversible if detected early. Chronic rejection 

progresses slowly over years and remains one of the primary causes of long-term 

graft loss despite modern immunosuppressive strategies. 

Modern immunosuppressive protocols are based on combined multidrug 

regimens designed to suppress different stages of immune activation while 

minimizing drug toxicity. Contemporary transplant medicine generally uses 

induction therapy followed by maintenance immunosuppression. 

Calcineurin inhibitors such as tacrolimus and cyclosporine remain the 

fundamental agents in maintenance therapy because of their potent inhibition of T-

cell activation. Tacrolimus has demonstrated superior efficacy in preventing acute 

rejection compared with cyclosporine; however, chronic nephrotoxicity remains a 

significant limitation. 

Antimetabolites including mycophenolate mofetil inhibit purine synthesis and 

suppress lymphocyte proliferation. These drugs significantly reduce rejection rates 

and allow lower doses of calcineurin inhibitors to be used. Corticosteroids continue 

to play a central role because of their broad anti-inflammatory and 

immunosuppressive properties, particularly during the early postoperative period 

and acute rejection episodes. 

Monoclonal antibodies including basiliximab and antithymocyte globulin are 

widely used for induction therapy in high-risk recipients. These agents provide rapid 

suppression of immune activation during the immediate postoperative period when 

rejection risk is highest. 
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Table 1 

Major immunosuppressive agents used in kidney transplant surgery 

Drug Group Mechanism  

of Action 

Clinical Advantages Major Complications 

Tacrolimus/Cyclosporine Calcineurin 

inhibition 

Strong prevention of 

acute rejection 

Nephrotoxicity, 

hypertension 

Mycophenolate mofetil Inhibition of purine 

synthesis 

Reduced rejection 

episodes 

Leukopenia, 

gastrointestinal toxicity 

Corticosteroids Cytokine 

suppression 

Rapid anti-

inflammatory effect 

Diabetes, osteoporosis 

mTOR inhibitors Inhibition of cell 

proliferation 

Reduced calcineurin 

exposure 

Delayed wound healing 

Monoclonal antibodies Selective 

lymphocyte 

blockade 

Effective induction 

therapy 

Severe opportunistic 

infections 

 

Infectious complications remain among the most serious consequences of 

long-term immunosuppressive therapy and continue to be a major cause of 

postoperative morbidity and mortality in transplant recipients. The suppression of 

cellular immunity creates favorable conditions for opportunistic infections caused 

by viral, bacterial, fungal, and parasitic pathogens. 

Cytomegalovirus infection remains one of the most clinically significant viral 

complications after kidney transplantation. CMV infection not only causes direct 

tissue injury but also contributes to generalized immunosuppression, increasing 

susceptibility to secondary bacterial and fungal infections. BK virus nephropathy 

represents another important viral complication associated with progressive graft 

dysfunction and eventual graft loss. 

Bacterial infections commonly involve the urinary tract, surgical wound sites, 

respiratory system, and bloodstream. Prolonged catheterization, repeated invasive 

procedures, and impaired wound healing significantly increase bacterial infection 

risk during the postoperative period. 

Fungal infections such as candidiasis and aspergillosis are particularly severe 

in highly immunosuppressed patients. These infections are often associated with 

delayed diagnosis and high mortality rates. 

Urinary leakage caused by ureteral ischemia or technical failure of 

ureteroneocystostomy remains another significant postoperative complication. 

Untreated urinary leakage may result in peritonitis, abscess formation, and severe 

graft dysfunction. Lymphocele formation develops due to disruption of lymphatic 

channels during vascular dissection. Large lymphoceles may compress the graft 

ureter or iliac vessels and impair graft function. Management may include 



 May 22, 2026 • Glasgow, Scotland; UK   
.  

243 
 

percutaneous drainage or laparoscopic fenestration. Hemorrhagic complications are 

particularly dangerous in transplant recipients because immunosuppressive therapy 

and postoperative anticoagulation may impair coagulation mechanisms. Careful 

perioperative hemostatic monitoring is therefore essential. 

Table 2 

Major postoperative complications after kidney transplantation 

Complication Approximate Frequency Clinical Outcome 

Acute rejection 10–20% Reversible graft dysfunction 

Delayed graft function 20–40% Prolonged hospitalization 

CMV infection 15–30% Systemic infectious complications 

BK virus nephropathy 1–10% Progressive graft dysfunction 

Vascular thrombosis 1–5% Immediate graft loss 

Urinary leakage 2–6% Surgical revision required 

Lymphocele 5–20% Compression of graft structures 

Post-transplant diabetes 10–25% Increased cardiovascular risk 

 

Long-term immunosuppressive therapy is associated with numerous 

metabolic complications that significantly influence patient survival and quality of 

life. Post-transplant diabetes mellitus develops primarily due to corticosteroid-

induced insulin resistance and tacrolimus-mediated pancreatic beta-cell 

dysfunction. Diabetes substantially increases cardiovascular risk and contributes to 

infectious susceptibility. 

Hyperlipidemia is another frequent metabolic abnormality in transplant 

recipients. Dyslipidemia accelerates atherosclerosis and contributes to 

cardiovascular morbidity, which remains one of the leading causes of death after 

successful transplantation. 

Hypertension is highly prevalent after kidney transplantation due to sodium 

retention, vascular endothelial dysfunction, and calcineurin inhibitor toxicity. 

Poorly controlled hypertension may contribute to chronic graft injury and 

cardiovascular complications. 

Chronic nephrotoxicity caused by calcineurin inhibitors remains one of the 

most important long-term complications. Progressive interstitial fibrosis and tubular 

atrophy eventually impair graft function and contribute to chronic allograft 

nephropathy. Modern transplant medicine increasingly focuses on individualized 

immunosuppressive therapy based on pharmacogenetics, molecular diagnostics, and 

biomarker-guided monitoring. Personalized approaches may reduce drug toxicity 

while maintaining adequate protection against rejection. 
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The use of donor-specific antibody monitoring, cytokine profiling, gene 

expression analysis, and artificial intelligence-based predictive models may 

substantially improve early diagnosis of rejection and postoperative complications. 

Emerging research in immune tolerance induction and cellular therapy may 

eventually reduce dependence on lifelong immunosuppressive medication. Stem 

cell therapy, regulatory T-cell modulation, and targeted molecular therapies 

represent promising future directions in transplant surgery. 

Conclusion. Kidney transplantation remains the most effective surgical 

treatment for end-stage renal disease and provides substantial improvements in 

survival and quality of life. However, successful long-term outcomes depend not 

only on surgical precision but also on optimal postoperative immunosuppressive 

management. Modern immunosuppressive therapy has significantly reduced acute 

rejection rates, yet infectious, metabolic, nephrotoxic, and surgical complications 

continue to represent major clinical challenges. Effective postoperative care 

therefore requires comprehensive multidisciplinary monitoring and individualized 

therapeutic strategies. Future advances in personalized medicine, pharmacogenetics, 

molecular diagnostics, and immune tolerance research may further improve graft 

survival while minimizing therapy-related complications and enhancing long-term 

patient outcomes. 
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