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Chapter 1

IMMUNOSUPPRESSIVE DRUGS USED IN KIDNEY 
TRANSPLANTATION

Bulent KAYA1

Abstract

Kidney transplantation is the preferred treatment for end-stage kidney disease, 
and its success relies on the effective use of immunosuppressive therapy. 
This review summarizes current approaches to induction and maintenance 
immunosuppression, with a focus on risk-based treatment strategies.

Induction therapy includes lymphocyte-depleting agents such as antithymocyte 
globulin and alemtuzumab, as well as non-depleting agents like basiliximab, 
selected according to immunological risk. Maintenance regimens are primarily 
based on calcineurin inhibitors, antiproliferative agents, and corticosteroids. Key 
determinants of therapy selection include human leukocyte antigen mismatch, 
panel reactive antibody levels, and donor-specific antibodies.

Therapeutic drug monitoring is essential for optimizing immunosuppressive 
efficacy and minimizing toxicity. While potent agents improve rejection prevention 
in high-risk patients, they are associated with increased risks of infection and 
malignancy.

In summary, modern immunosuppressive management in kidney 
transplantation is based on individualized risk assessment and careful balancing 
of efficacy and safety to achieve optimal graft and patient outcomes.

Keywords: kidney transplantation, immunosuppression, induction therapy, 
maintenance therapy , therapeutic drug monitoring
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While potent lymphocyte-depleting agents such as ATG and alemtuzumab 
provide effective rejection prophylaxis in high-risk recipients, their use is limited 
by increased susceptibility to infections and malignancies. Conversely, non-
depleting agents like basiliximab offer a safer alternative in low-risk populations, 
underscoring the importance of appropriate patient stratification.

Maintenance therapy based on CNI, antiproliferative agents, and corticosteroids 
remains the backbone of long-term management; however, drug-related toxicity 
and long-term complications continue to pose significant challenges. In this 
context, TDM has become indispensable for optimizing therapeutic exposure and 
reducing adverse outcomes.

Overall, the success of KT depends not only on preventing acute rejection 
but also on minimizing long-term complications through careful balancing 
of immunosuppressive intensity. Future strategies should focus on refining 
personalized treatment algorithms to improve both graft longevity and patient 
survival.
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Chapter 2

ACUTE REJECTION IN KIDNEY TRANSPLANTATION

Bulent KAYA1

Abstract

Acute rejection remains a major threat to kidney allograft survival despite 
substantial advances in immunosuppressive therapy. The incidence of acute 
rejection has markedly declined over the past three decades; however, it continues 
to contribute significantly to graft dysfunction and loss. The two principal forms 
of acute rejection are T cell-mediated rejection (TCMR) and antibody-mediated 
rejection (ABMR). TCMR is characterized by lymphocytic infiltration and tubular 
injury, whereas ABMR results from donor-specific antibody–mediated endothelial 
injury and is associated with microvascular inflammation, C4d deposition, and 
transplant glomerulopathy. Mixed rejection may also occur and is associated with 
worse outcomes. ABMR is now recognized as the leading cause of late graft loss, 
while TCMR remains an important independent risk factor and may precipitate 
antibody-mediated injury. Diagnosis is based on histopathologic evaluation of 
kidney allograft biopsy, and treatment depends on the rejection phenotype and 
severity. Standard therapies include glucocorticoids, antithymocyte globulin, 
plasmapheresis, and intravenous immunoglobulin. Optimal prevention relies 
on adequate immunosuppression, medication adherence, and careful donor-
recipient matching. Emerging molecular diagnostics and novel targeted therapies 
may improve future rejection management.

Keywords: kidney transplantation, acute rejection, antibody-mediated 
rejection, t cell-mediated rejection, donor-specific antibodies

INTRODUCTION

Kidney transplantation is the most effective treatment for patients with end-stage 
kidney disease. With advances in modern immunosuppressive therapy, short-
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immunological mechanisms, clinical course, histopathological features, and 
treatment strategies; therefore, accurate diagnosis based on biopsy, donor-specific 
antibody assessment, and emerging molecular tools is essential. Early recognition, 
individualized immunosuppressive management, medication adherence, and 
careful immunologic risk assessment are central to preserving graft function. 
Although current therapies have improved short-term outcomes, long-term graft 
survival continues to be limited by persistent immune-mediated injury. Future 
advances in molecular diagnostics, biomarker-guided monitoring, and targeted 
therapies may provide more precise and effective approaches to the prevention 
and treatment of acute rejection.
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Chapter 3

INFECTIONS AND PROPHYLAXIS FOLLOWING 
KIDNEY TRANSPLANTATION

Damla ERTURK1

Abstract

Although kidney transplantation is one of the most effective treatment options 
for end-stage renal disease, infections in the post transplant period are among the 
primary complications that determine patient and graft outcomes. The incidence 
and spectrum of these infections vary depending on surgical complications, 
allograft function, the intensity of the immunosuppressive regimen used, and 
prophylactic measures. In the early period, surgical site infections, catheter 
and catheter related infections, and hospital acquired bacterial infections are 
predominant, while opportunistic pathogens such as cytomegalovirus (CMV), 
BK polyomavirus, and Pneumocystis jirovecii become more prominent within the 
first 6 months. In the late phase, community-acquired infections predominate; 
however, the risk of opportunistic infections persists in patients receiving 
intensive or repeated immunosuppression. Urinary tract infections are the most 
common group of infections in kidney transplant recipients and are particularly 
associated with graft dysfunction, bacteremia, and hospitalization in the early 
phase. Although fungal infections are less common, they require early diagnosis 
and appropriate antifungal treatment due to their high mortality rate. Prophylactic 
and preemptive strategies play a critical role in the management of these infections, 
which directly impact both patient and graft survival. In this section, post-kidney 
transplant infections are addressed within a time-based framework; their clinical 
characteristics, diagnostic approach, treatment principles, and current prophylaxis 
strategies are summarized.
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Successful management requires evaluating a time based approach in 
conjunction with the patient’s current immunosuppression status, implementing 
structured viral monitoring programs, rational antimicrobial use, and 
multidisciplinary collaboration. Through appropriate prophylaxis, early diagnosis, 
and rapid, targeted treatment, both the infection burden and graft loss due to 
infection can be significantly reduced.

REFERENCES
1.	 Fishman JA. Infection in organ transplantation. Am J Transplant. 2017;17(4):856-879. DOI: 

10.1111/ajt.14208
2.	 Roberts MB, Fishman JA. Immunosuppressive agents and infectious risk in transplantation: 

managing the “net state of immunosuppression”. Clin Infect Dis. 2021;73(7):e1302-e1317. DOI: 
10.1093/cid/ciaa1189

3.	 Karuthu S, Blumberg EA. Common infections in kidney transplant recipients. Clin J Am Soc 
Nephrol. 2012;7(12):2058-2070. DOI: 10.2215/CJN.04410512

4.	 Fishman JA. Infection in solid-organ transplant recipients. N Engl J Med. 2007;357(25):2601-
2614. DOI: 10.1056/NEJMra064928

5.	 Jackson KR, Motter JD, Bae S, et al. Characterizing the landscape and impact of infections fol-
lowing kidney transplantation. Am J Transplant. 2021;21(1):198-207. DOI: 10.1111/ajt.16106

6.	 Agrawal A, Ison MG, Danziger-Isakov L. Long-term infectious complications of kidney trans-
plantation. Clin J Am Soc Nephrol. 2022;17(2):286-295. DOI: 10.2215/CJN.15971020

7.	 Dorschner P, McElroy LM, Ison MG. Nosocomial infections within the first month of solid 
organ transplantation. Transpl Infect Dis. 2014;16(2):171-187. DOI: 10.1111/tid.12203

8.	 Abbo LM, Grossi PA; AST ID Community of Practice. Surgical site infections: guidelines from 
the American Society of Transplantation Infectious Diseases Community of Practice. Clin 
Transplant. 2019;33(9):e13589. DOI: 10.1111/ctr.13589

9.	 Schreiber PW, Hoessly LD, Boggian K, et al. Surgical site infections after kidney transplanta-
tion are independently associated with graft loss. Am J Transplant. 2024;24(5):795-802. DOI: 
10.1016/j.ajt.2023.11.013

10.	 Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial pro-
phylaxis in surgery. Am J Health Syst Pharm. 2013;70(3):195-283. DOI: 10.2146/ajhp120568

11.	 Boiko O, Garcia-Alonso I, Padilla J, Lecumberri D, Boiko M. Complications and outcomes of 
post-transplant lymphocele management: a 30-year retrospective analysis. Int Urol Nephrol. 
2025;57(6):1747-1753. DOI: 10.1007/s11255-024-04348-3

12.	 Goldman JD, Julian K. Urinary tract infections in solid organ transplant recipients: guidelines 
from the American Society of Transplantation Infectious Diseases Community of Practice. 
Clin Transplant. 2019;33(9):e13507. DOI: 10.1111/ctr.13507

13.	 Pérez-Nadales E, Fernández-Ruiz M, Gutiérrez-Gutiérrez B, et al. Extended-spectrum β-lact-
amase-producing and carbapenem-resistant Enterobacterales bloodstream infection after solid 
organ transplantation: recent trends in epidemiology and therapeutic approaches. Transpl In-
fect Dis. 2022;24(4):e13881. DOI: 10.1111/tid.13881

14.	 Parasuraman R, Julian K; AST Infectious Diseases Community of Practice. Urinary tract infec-
tions in solid organ transplantation. Am J Transplant. 2013;13(Suppl 4):327-336. DOI: 10.1111/
ajt.12124

15.	 Nicolle LE, Gupta K, Bradley SF, et al. Clinical practice guideline for the management of asymp-
tomatic bacteriuria: 2019 update by the Infectious Diseases Society of America. Clin Infect Dis. 
2019;68(10):e83-e110. DOI: 10.1093/cid/ciy1121



Infections and Prophylaxis Following Kidney Transplantation

- 49 -

16.	 Kotton CN, Kumar D, Manuel O, et al. The fourth international consensus guidelines 
on the management of cytomegalovirus in solid organ transplantation. Transplantation. 
2025;109(7):1066-1110. DOI: 10.1097/TP.0000000000005374

17.	 Avery RK, Alain S, Alexander BD, et al. Maribavir for refractory cytomegalovirus infections 
with or without resistance post-transplant: results from a phase 3 randomized clinical trial. Clin 
Infect Dis. 2022;75(4):690-701. DOI: 10.1093/cid/ciab988

18.	 Kotton CN, Kamar N. New insights on CMV management in solid organ transplant pa-
tients: prevention, treatment, and management of resistant/refractory disease. Infect Dis Ther. 
2023;12(2):333-342. DOI: 10.1007/s40121-022-00746-1

19.	 Stewart AG, Kotton CN. What’s new: updates on cytomegalovirus in solid organ transplanta-
tion. Transplantation. 2024;108(4):884-897. DOI: 10.1097/TP.0000000000004855

20.	 Kotton CN, Kamar N, Wojciechowski D, et al. The second international consensus guide-
lines on the management of BK polyomavirus in kidney transplantation. Transplantation. 
2024;108(9):1834-1866. DOI: 10.1097/TP.0000000000004976

21.	 Aslam S, Rotstein C; AST Infectious Disease Community of Practice. Candida infections in sol-
id organ transplantation: guidelines from the American Society of Transplantation Infectious 
Diseases Community of Practice. Clin Transplant. 2019;33(9):e13623. DOI: 10.1111/ctr.13623

22.	 Husain S, Camargo JF. Invasive aspergillosis in solid-organ transplant recipients: guidelines 
from the American Society of Transplantation Infectious Diseases Community of Practice. 
Clin Transplant. 2019;33(9):e13544. DOI: 10.1111/ctr.13544

23.	 Baddley JW, Forrest GN; AST Infectious Diseases Community of Practice. Cryptococcosis in 
solid organ transplantation: guidelines from the American Society of Transplantation Infec-
tious Diseases Community of Practice. Clin Transplant. 2019;33(9):e13543. DOI: 10.1111/
ctr.13543

24.	 Fishman JA, Gans H; AST Infectious Diseases Community of Practice. Pneumocystis jiroveci 
in solid organ transplantation: guidelines from the American Society of Transplantation In-
fectious Diseases Community of Practice. Clin Transplant. 2019;33(9):e13587. DOI: 10.1111/
ctr.13587



- 51 -

Chapter 4

EARLY POSTOPERATIVE SURGICAL COMPLICATIONS 
AFTER KIDNEY TRANSPLANTATION

Nebil AKDOGAN1

ABSTRACT

Kidney transplantation is the most ideal treatment method for end-stage renal 
disease; however, early surgical complications developing within the first 30 to 90 
days postoperatively remain a significant threat to graft and patient survival. This 
chapter reviews the incidence, pathophysiology, diagnosis, and management of 
major early urological and surgical complications, including ureteral strictures, 
urinary leaks, ureteral necrosis, and perigraft collections (hematomas, urinomas, 
lymphoceles, and abscesses). Ischemia, primarily due to the disruption of the 
“golden triangle” blood supply, and the presence of multiple arteries in the donor are 
the main risk factors for ureteral complications. The early diagnostic process relies 
heavily on ultrasonography, biochemical fluid analysis, and targeted radiological 
imaging. Treatment strategies emphasize the critical role of prompt intervention, 
ranging from percutaneous drainage and endoscopic procedures to early surgical 
revision. Furthermore, the advantages and disadvantages of routine prophylactic 
Double-J stent placement are discussed, highlighting its protective role against 
strictures and leaks when properly managed alongside the risk of infection. 
In conclusion, a multidisciplinary approach involving nephrology, transplant 
surgery, and interventional radiology ensures the successful management of these 
early complications, achieving long-term graft survival rates similar to those of 
uncomplicated transplants.

Keywords: kidney transplantation; early postoperative complications; ureteral 
stricture; urinary leak; lymphocele; urinoma.
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complication is accompanied by a perigraft hematoma or a severe infection, the 
risk of early graft loss significantly increases. Furthermore, the severity of the 
complications developing in the first 30 days post-transplant deeply affects the 
clinical course; while high-grade (Clavien Grade 3-4) surgical complications 
increase hospital readmission rates, even low-grade complications can elevate the 
risk of death with a functional graft in the long term. Although these conditions 
requiring early hospitalization negatively affect graft functions within the first 
year, their long-term effects remain limited.

Thoroughly analyzing the recipient and donor-related factors in the 
development of complications is of great importance. The presence of multiple 
arteries in the donor kidney and the use of expanded criteria donors (ECD) 
stand out as independent factors that elevate the risk of vascular and urological 
complications by increasing the probability of the graft remaining ischemic. On 
the other hand, an older recipient age (60 years and above) does not increase the 
risk of surgical complications compared to young recipients; when correct patient 
selection is made, kidney transplantation is a surgically highly safe procedure in 
patients of advanced age as well. However, additional factors such as diabetes, a 
high body mass index, and prior dialysis duration create extra risks in terms of 
both wound site and infectious complications.

Finally; minimizing the incidence and destructive effects of early surgical 
complications relies on the meticulous preservation of the donor graft’s distal 
ureteral blood supply, called the “golden triangle,” uncompromising adherence 
to surgical principles, and the routine use of prophylactic Double-J stents for 
anastomosis safety. In the post-transplant period, it is of vital importance for the 
nephrology, transplant surgery, and interventional radiology teams to work in 
coordination so that complications can be treated in a timely manner without 
leading to graft loss.

REFERENCES
1.	 Timsit MO, Kleinclauss F, Richard V, Thuret R. Complications chirurgicales de la transplanta-

tion rénale. Prog Urol. 2016;26(15):1066-1082. doi:10.1016/j.purol.2016.09.052
2.	 Król R, Ziaja J, Chudek J, et al. Surgical Treatment of Urological Complications After Kidney 

Transplantation. Transplant Proc. 2006;38(1):127-130. doi:10.1016/j.transproceed.2005.12.100
3.	 Khadjibaev F, Sultanov P, Ergashev D, et al. Frequency of Complications After Kidney Transplant 

in the Early Postoperative Period. Exp Clin Transplant. 2024;Suppl 1:195-199. doi:10.6002/ect.
MESOT2023.P25

4.	 Król R, Cierpka L, Ziaja J, Pawlicki J, Budziński G. Surgically Treated Early Complications 
After Kidney Transplantation. Transplant Proc. 2003;35(6):2241-2242.  doi:10.1016/S0041-
1345(03)00769-3



Complications After Kidney Transplantation

- 64 -

5.	 Benoit G, Benarbia S, Bellamy J, Charpentier B, Schrameck E, Fries D. [Urologic complication 
of renal transplantation. Importance of the length of the ureter]. Ann Urol. 1985;19(3):165-171. 

6.	 Webster AC, Lee VWS, Chapman JR, Craig JC. Target of rapamycin inhibitors (sirolimus and 
everolimus) for primary immunosuppression of kidney transplant recipients: a systematic 
review and meta-analysis of randomized trials. Transplantation. 2006;81(9):1234-1248.  doi: 
10.1097/01.tp.0000219703.39149.85.

7.	 Karam G, Hétet JF, Maillet F, et al. Late ureteral stenosis following renal transplantation: risk 
factors and impact on patient and graft survival. Am J Transplant. 2006;6(2):352-356.  doi: 
10.1111/j.1600-6143.2005.01181.x.

8.	 Benoit G, Blanchet P, Eschwege P, et al. Insertion of a double pigtail ureteral stent for the pre-
vention of urological complications in renal transplantation: a prospective randomized study. 
J Urol. 1996;156(3):881-884. 

9.	 Osman Y, Shokeir A, Ali-el-Dein B, et al. Vascular complications after live donor renal trans-
plantation: study of risk factors and effects on graft and patient survival. J Urol. 2003;169(3):859-
862. doi: 10.1097/01.ju.0000050225.74647.5a.

10.	 Malovrh M, Kandus A, Buturović-Ponikvar J, et al. Frequency and clinical influence of lym-
phoceles after kidney transplantation. Transplant Proc. 1990;22(4):1423-1424. 

11.	 Fuller TF, Kang SM, Hirose R, Feng S, Stock PG, Freise CE. Management of lymphoceles after 
renal transplantation: laparoscopic versus open drainage. J Urol. 2003;169(6):2022-2025. doi: 
10.1097/01.ju.0000063800.44792.61.

12.	 Karam G, Maillet F, Parant S, Soulillou JP, Giral-Classe M. Ureteral necrosis after kid-
ney transplantation: risk factors and impact on graft and patient survival. Transplantation. 
2004;78(5):725-729. doi: 10.1097/01.tp.0000131953.13414.99.

13.	 Streeter EH, Little DM, Cranston DW, Morris PJ. The urological complications of renal 
transplantation: a series of 1535 patients. BJU Int. 2002;90(7):627-631.  doi: 10.1046/j.1464-
410x.2002.03004.x.

14.	 Rahnemai-Azar AA, Gilchrist BF, Kayler LK. Independent risk factors for early urologic com-
plications after kidney transplantation. Clin Transplant. 2015;29(5):403-408.  doi: 10.1111/
ctr.12530.  

15.	 Wilson CH, Rix DA, Manas DM. Routine intraoperative ureteric stenting for kidney trans-
plant recipients. Cochrane Database Syst Rev. 2013;(4):CD004925.  doi: 10.1002/14651858.
CD004925.pub3.

16.	 Skrabaka D, Franczyk S, Kolonko A, et al. Early Complications After Kidney Transplantation in 
Patients Aged 60 Years and Older: A Single-Center, Paired-Kidney Analysis. Transplant Proc. 
2020;52(8):2376-2382. doi: 10.1016/j.transproceed.2020.01.093.

17.	 Verloh N, Doppler M, Hagar MT, et al. Interventional Management of Vascular Complications 
after Renal Transplantation. Fortschr Röntgenstr. 2023;195:495-504. doi: 10.1055/a-2007-9649.

18.	 Kolli KP, LaBerge JM. Interventional Management of Vascular Renal Transplant Complica-
tions. Tech Vasc Interv Radiol. 2016;19(3):228-236. doi:10.1053/j.tvir.2016.07.008 

19.	 Leertouwer TC, Gussenhoven EJ, Bosch JL, et al. Stent placement for renal arterial stenosis: 
where do we stand? A meta-analysis. Radiology. 2000;216(1):78-85.  doi: 10.1148/radiolo-
gy.216.1.r00jl0778.

20.	 Hurst FP, Abbott KC, Neff RT, et al. Incidence, predictors and outcomes of transplant renal 
artery stenosis after kidney transplantation: analysis of USRDS. Am J Nephrol. 2009;30(5):459-
467. doi: 10.1159/000242431.  

21.	 Minkovich M, Gupta N, Liu M, et al. Impact of early surgical complications on kidney trans-
plant outcomes. BMC Surg. 2024;24(1):165. doi: 10.1186/s12893-024-02463-7.

22.	 Kang IC, Kim IK, Son S, Ju MK. Impact of Early Hospital Readmissions After Kidney Trans-
plantation on Graft Function. Transplant Proc. 2018;50(8):2359-2362. doi: 10.1016/j.transpro-
ceed.2017.12.062.



- 65 -

Chapter 5

POST-TRANSPLANT VASCULAR COMPLICATIONS IN 
KIDNEY TRANSPLANT RECIPIENTS

Onur BENLI1

Abstract

Vascular complications after kidney transplantation are relatively uncommon 
but may have a major impact on graft survival and patient morbidity. These 
complications involve the graft arterial inflow, graft venous outflow, or recipient 
iliac vessels, and may present in the early or late post-transplant period. Their 
mechanisms are multifactorial and commonly reflect varying contributions of 
vessel wall injury, disturbed flow, and thrombotic predisposition. Among them, 
transplant renal artery stenosis is the most frequent vascular complication and is 
often amenable to endovascular or surgical treatment, whereas arterial and venous 
thrombosis remain major causes of early graft loss. Biopsy-related arteriovenous 
fistulae and intrarenal pseudoaneurysms are usually benign but may require 
intervention in selected patients. Mechanical lesions such as arterial kinking, 
venous compression, and iliac vessel pathology should also be recognized, as 
delayed diagnosis may result in irreversible graft injury. This chapter reviews 
the classification, mechanisms, risk determinants, clinical presentation, imaging 
findings, and treatment principles of the major vascular complications after 
kidney transplantation, with emphasis on practical diagnostic reasoning and 
timely management.

Keywords:  kidney transplantation; vascular complications; transplant renal 
artery stenosis; renal vein thrombosis; arteriovenous fistula; pseudoaneurysm.

INTRODUCTION

Kidney transplantation is the preferred treatment for patients with end-stage renal 
disease. Despite advances in surgical techniques, immunosuppressive therapy, and 
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CONCLUSION

Although vascular complications after kidney transplantation may appear 
uncommon, their clinical impact is disproportionately large. Among these 
complications, TRAS is often recognized after the immediate postoperative period 
and is frequently treatable, whereas arterial and venous thrombosis remain among 
the leading causes of early graft loss. Although post-biopsy AVF and intrarenal 
pseudoaneurysm more often follow a benign course, they require intervention in 
selected patients. Iliac vessel complications, because of their effects on both graft 
and extremity circulation, should be assessed carefully, especially in recipients 
with atherosclerotic disease.

From a practical standpoint, the fundamental principle is to consider vascular 
complications early in the setting of sudden graft dysfunction and to use 
Doppler ultrasonography without delay. Delay between diagnosis and treatment, 
particularly in thrombotic complications, may lead to irreversible graft loss. In 
contrast, in clinically significant stenotic or procedure-related lesions, timely 
endovascular or surgical intervention may preserve graft function.

Therefore, in post-transplant follow-up, a high index of suspicion for vascular 
complications, a standardized imaging approach, and close collaboration between 
surgical and endovascular teams are essential to preserving graft function.
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Chapter 6

WOUND, SOFT TISSUE AND RECONSTRUCTIVE 
COMPLICATIONS AFTER KIDNEY 

TRANSPLANTATION

Ibrahim TABAKAN1

Abstract

Wound-related, soft tissue, and reconstructive complications remain important 
causes of morbidity after kidney transplantation despite advances in surgical 
technique, perioperative care, and immunosuppressive therapy. Common 
complications include surgical site infection, hematoma, seroma, lymphocele, 
wound dehiscence, skin necrosis, and incisional hernia. Kidney transplant 
recipients are particularly vulnerable because diabetes mellitus, obesity, 
malnutrition, vascular disease, and chronic immunosuppression may impair 
wound healing.

Early recognition is essential, as delayed diagnosis may lead to deep infection, 
graft dysfunction, prolonged hospitalization, repeated operations, or complex 
abdominal wall defects. Clinical evaluation should be supported by laboratory 
studies and imaging, with ultrasonography serving as the first-line modality for 
perigraft collections. Management ranges from conservative wound care and 
targeted antimicrobial therapy to drainage procedures, operative debridement, 
fascial repair, and reconstructive surgery.

Reconstructive options include delayed closure, skin grafting, local or regional 
flaps, mesh reinforcement, and abdominal wall reconstruction in selected 
cases. Negative pressure wound therapy is a useful adjunct in both treatment 
and staged reconstruction. Optimal outcomes depend on timely intervention 
and a multidisciplinary approach involving transplant surgeons, nephrologists, 
infectious disease specialists, radiologists, and reconstructive surgeons.
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delayed recognition may result in deep infection, graft dysfunction, prolonged 
hospitalization, repeated operations, or complex abdominal wall defects.

Successful management depends on early diagnosis, accurate differentiation of 
fluid collections and infectious processes, prompt control of local pathology, and 
optimization of systemic factors that impair healing. Because transplant recipients 
frequently present with diabetes, obesity, vascular disease, malnutrition, and 
chronic immunosuppression, treatment strategies must be individualized rather 
than extrapolated from routine general surgical patients.

Reconstructive surgery has an important role in selected cases, ranging 
from delayed closure and skin grafting to flap coverage and formal abdominal 
wall reconstruction. Early involvement of reconstructive surgeons may simplify 
management, reduce morbidity, and improve functional outcomes in complex 
wounds.

Ultimately, the best results are achieved through a multidisciplinary approach 
involving transplant surgeons, nephrologists, infectious disease specialists, 
radiologists, wound care teams, and reconstructive surgeons. As transplant 
populations become older and medically more complex, continued refinement 
of preventive strategies, minimally invasive interventions, biomaterials, and 
personalized immunosuppressive protocols will be essential to further reduce 
postoperative wound complications and preserve long-term graft success.

REFERENCES
1.	 Wolfe RA, Ashby VB, Milford EL, et al. Comparison of mortality in all patients on dialysis, 

patients awaiting transplantation, and recipients of a first cadaveric transplant. N Engl J Med. 
1999;341(23):1725-1730.

2.	 Røine E, Bjørk IT, Oyen O. Targeting risk factors for impaired wound healing and wound com-
plications after kidney transplantation. Transplant Proc. 2010;42(7):2542-2546.

3.	 Ranghino A, Segoloni GP, Lasaponara F, et al. Lymphatic disorders after renal transplantation: 
New insights for an old complication. Clin Kidney J. 2015;8(5):615-622.

4.	 Troppmann C, Pierce JL, Gandhi MM, et al. Higher surgical wound complication rates with 
sirolimus immunosuppression after kidney transplantation: A matched-pair pilot study. Trans-
plantation. 2003;76(2):426-429.

5.	 Dean PG, Lund WJ, Larson TS, et al. Wound-healing complications after kidney transplan-
tation: A prospective, randomized comparison of sirolimus and tacrolimus. Transplantation. 
2004;77(10):1555-1561.

6.	 Webster AC, Nagler EV, Morton RL, et al. Chronic kidney disease. Lancet. 2017;389(10075):1238-
1252.

7.	 D’Souza K, Crowley SP, Hameed A, et al. Prophylactic wound drainage in renal transplanta-
tion: A systematic review. Transplant Direct. 2019;5(7):e468.

8.	 Kim PJ, Attinger CE, Constantine T, et al. Negative pressure wound therapy with instillation: 
International consensus guidelines update. Int Wound J. 2020;17(1):174-186.



Complications After Kidney Transplantation

- 98 -

9.	 Kim SD, Kim JI, Moon IS, et al. Comparison of minimal skin incision technique in living kidney 
transplantation and conventional kidney transplantation. Chin Med J (Engl). 2016;129(8):917-
921.

10.	 Ahmad J. Aftercare of solid abdominal organ transplant recipients. J Intensive Care Med. Pub-
lished online July 15, 2025;40(1):

11.	 Ostaszewska A, Wszola M, Olszewska N, et al. Reoperation in early kidney post-trans-
plant period as a strong risk factor of surgical site infection occurrence. Transplant Proc. 
2019;51(8):2724-2730.

12.	 Lu H, Zheng P, Chen RY, et al. Analysis of risk factors for impaired wound healing after kidney 
transplantation. Int Wound J. 2023;20(1):140-144.

13.	 Mehrabi A, Fonouni H, Wente M, et al. Wound complications following kidney and liver trans-
plantation. Clin Transplant. 2006;20(Suppl 17):97-110.



- 99 -

Chapter 7

LATE SURGICAL COMPLICATIONS AFTER KIDNEY 
TRANSPLANTATION

Ismail Onder YILMAZ1

Abstract

Late-stage surgical complications affecting long-term graft survival after kidney 
transplantation typically present with atypical symptoms—such as an increase in 
creatinine, decreased urine output, or asymptomatic hydronephrosis—rather than 
classic pain or fever. This is due to the immunosuppressive drugs used by patients 
and the lack of a neural network (denervation) in the transplanted kidney.

Ureteral strictures, which are among the leading complications and develop 
due to ischemic injury in most cases, are managed using ultrasonography for 
diagnosis and the insertion of a percutaneous nephrostomy to preserve kidney 
function. While endoscopic methods such as lasers or balloons are preferred for 
strictures shorter than three centimeters, surgical repair (reconstruction) utilizing 
the patient’s own healthy ureter is mandatory for longer and resistant cases.

Stone disease, another significant issue, has a bidirectional relationship 
with ureteral strictures and infections, and patients do not experience typical 
kidney stone pain. In the treatment of stones, those smaller than 4 mm are 
monitored, while depending on the size and location, extracorporeal shock wave 
lithotripsy (ESWL), retrograde intrarenal surgery (RIRS) performed with flexible 
ureteroscopes, or percutaneous nephrolithotomy (PCNL) for stones larger than 2 
cm are applied.

In these patients, who have an increased risk of cancer due to the suppression 
of the immune system, macroscopic hematuria (visible blood in the urine) should 
always be considered a critical early symptom for urothelial carcinoma; cystoscopy 
and careful imaging that does not put kidney function at risk must be performed. 
Additionally, it is of vital importance to conduct annual ultrasound screenings 
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A forgotten/encrusted stent can lead to stone formation and infection; a stent 
follow-up protocol (timely removal) can be documented as a quality indicator. 
In transplant patients who are on immunosuppressive therapy and have a single 
functioning kidney, forgotten ureteral stents represent a urological problem with 
highly devastating consequences. The rates of encrustation, stone formation, and 
fragmentation increase exponentially in stents left in the body for an extended 
period (e.g., more than 6 months). An encrusted stent leads to obstructive 
nephropathy, resistant infections, and urosepsis, putting both the graft and the 
patient’s life at risk. Although there are rare cases in the literature of stents forgotten 
for 13 years that fortunately did not develop encrustation, the removal of encrusted 
stents generally requires a challenging and multimodal endourological approach 
combining methods such as ESWL, ureteroscopy (URS), and percutaneous 
nephrolithotomy (PCNL). To completely prevent such severe morbidities, the 
clinical implementation of a stent registry and follow-up protocol to ensure the 
timely removal of stents (typically within 2-4 weeks) should be recognized as a 
crucial indicator of quality and patient safety.

CONCLUSION

Late surgical complications following kidney transplantation remain a significant 
clinical challenge that directly impacts long-term graft survival and patient quality 
of life. Ureteral strictures, stone disease, urological malignancies, and ureteral 
fistulas/stent-related complications each require a tailored, multidisciplinary 
approach. The atypical clinical presentation caused by denervation and 
immunosuppression necessitates a high index of suspicion and strict follow-up 
protocols. Early diagnosis through ultrasonography, timely decompression, and 
appropriate endourological or surgical interventions are critical for preserving 
graft function. Additionally, the elevated cancer risk in immunosuppressed 
patients mandates lifelong urological surveillance. Implementing institutional 
stent follow-up registries and adhering to evidence-based guidelines, such as the 
updated 2026 EAU Guidelines on Renal Transplantation, are essential quality 
measures to minimize preventable complications and improve overall transplant 
outcomes.
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Chapter 8

HEMATOLOGICAL COMPLICATIONS AFTER RENAL 
TRANSPLANTATION

Funda TANRIKULU1

Abstract

Hematologic complications after renal transplantation are significant clinical 
issues that can occur in both the early and late post-transplant periods and directly 
affect patient prognosis. The most common of these complications include anemia, 
leukopenia, and thrombocytopenia; and their etiology involves surgical blood loss, 
graft dysfunction, immunosuppressive medications, infections, and nutritional 
deficiencies. Additionally, more specific conditions such as post-transplant 
erythrocytosis, post-transplant lymphoproliferative disease, and thrombotic 
microangiopathy may also be observed. Management focuses on addressing the 
underlying cause and includes modification of immunosuppression, treatment 
of infections, and targeted therapies when necessary. This section discusses 
the pathogenesis, diagnostic approach, and current treatment strategies for 
hematologic complications that develop after renal transplantation.

Keywords: Renal transplantation, Hematologic complications, Anemia, 
Immunosuppression, Post-transplant lymphoproliferative disease

INTRODUCTION

After renal transplantation, a wide range of hematologic complications may arise 
due to both the surgical procedure and the immunosuppressive therapies used 
to prevent graft rejection. While the most common disorders are post-transplant 
anemia and erythrocytosis, many hematological disorders, such as post-transplant 
lymphoproliferative disease and thrombotic microangiopathy, which are rare 
but associated with increased morbidity and mortality, play a significant role in 
the management of the post-transplant period. In this section, hematological 
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Hemophagocytic Syndrome
Hemophagocytic syndrome is a rare but potentially fatal hematologic disorder that 
occurs following renal transplantation. The pathogenesis of the disease involves 
uncontrolled macrophage activation resulting from T/NK cell dysfunction, 
leading to hyperinflammation associated with a cytokine storm. Patients present 
to the clinic with fever, hepatosplenomegaly, pancytopenia, lymphadenopathy, 
rash, jaundice, and neurological symptoms. Post-transplant lymphoproliferative 
disease and various infections: particularly EBV, as well as CMV, herpes simplex 
virus, and fungal infections can trigger the development of hemophagocytic 
syndrome. For diagnosis, the condition should first be considered in patients 
with suspicious clinical findings, and the diagnosis must be supported by 
laboratory tests, primarily elevated ferritin levels, as well as elevated triglycerides 
and low fibrinogen. Both the diagnosis and treatment of the disease require 
multidisciplinary management.

CONCLUSION

Hematologic complications observed in the post-kidney transplant period are 
among the leading causes of morbidity and mortality in kidney transplant patients. 
Early diagnosis and identification of the etiology are of great importance in the 
treatment of these complications. The effective implementation of appropriate 
immunosuppressive therapy and infection prevention measures, along with 
regular monitoring of hematologic side effects, are key factors in reducing the 
incidence and severity of these complications. Furthermore, collaboration among 
nephrology, hematology, infectious diseases, and organ transplantation teams is 
of utmost importance in these patients.
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Chapter 9

CARDIOVASCULAR COMPLICATIONS AFTER KIDNEY 
TRANSPLANTATION

Caglar OZMEN1

ABSTRACT

Cardiovascular disease remains the leading cause of morbidity and mortality 
in kidney transplant recipients, accounting for 20–30% of all post-transplant 
deaths and arises from a multifactorial interaction between traditional risk 
factors — hypertension, dyslipidemia, diabetes mellitus, and smoking — and 
transplant-specific determinants including immunosuppressive drug toxicity, 
graft dysfunction, acute rejection, and prolonged pre-transplant dialysis. 
Immunosuppressive agents drive a distinct pathophysiological cascade — 
calcineurin inhibitors increase the risk of hypertension and dyslipidemia relative 
to tacrolimus, corticosteroids promote metabolic syndrome and post-transplant 
diabetes mellitus, and mTOR inhibitors exacerbate dyslipidemia via PCSK9 
upregulation — collectively culminating in accelerated atherosclerosis, coronary 
artery disease, and de novo heart failure occurring in 10–18% of recipients within 
36 months of transplantation. Addressing this burden demands a risk-stratified, 
multidisciplinary strategy that integrates pretransplant cardiac screening, 
guideline-directed blood pressure and lipid control, immunosuppression 
optimisation, and the judicious adoption of emerging cardiorenal therapies — and 
it is only through dedicated randomised trials in this population that the persistent 
evidence gap can be closed and the full promise of kidney transplantation realised.

Keywords: kidney transplantation; cardiovascular disease; immunosuppressive 
therapy; post-transplant hypertension; post-transplant diabetes mellitus; coronary 
artery disease; heart failure; risk stratification
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hypertriglyceridemia and hypercholesterolemia. Paradoxically, despite their 
adverse metabolic profile, mTOR inhibitors may exert some anti-atherosclerotic 
effects by inhibiting intimal proliferation and stabilizing plaques, though their 
overall impact on cardiovascular events remains complex and requires careful 
patient selection.

This drug-induced dyslipidemia, often presenting as a more atherogenic 
profile with small, dense LDL particles susceptible to oxidation, directly 
contributes to the progression of atherosclerosis. The link between post-transplant 
cholesterol levels and adverse outcomes is well-established. Early studies 
identified hypercholesterolemia as an independent predictor of post-transplant 
vascular disease and a significant factor influencing patient survival. However, 
management is complicated by drug-drug interactions, as CNIs (especially CsA) 
can inhibit statin metabolism via the cytochrome P450 system, increasing the risk 
of myopathy. Therefore, statins like fluvastatin or pravastatin, which have fewer 
interactions, are often preferred, and careful dose adjustments are necessary.

CONCLUSION

Cardiovascular disease remains the leading cause of death and morbidity after 
kidney transplantation, driven by traditional risk factors and transplant-specific 
contributors — most notably immunosuppressive drug toxicity. A risk-stratified, 
multidisciplinary approach combining pretransplant screening, guideline-directed 
medical therapy, and individualized immunosuppression remains essential.
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Chapter 10

GASTROINTESTINAL COMPLICATIONS AND 
PANCREATITIS AFTER KIDNEY TRANSPLANTATION

Umit KARAOGULLARINDAN1

Abstract

Gastrointestinal complications are common after kidney transplantation and are 
an important cause of morbidity in transplant recipients. These complications 
arise from multiple mechanisms, including immunosuppressive drug toxicity, 
opportunistic infections, metabolic disturbances, and pre-existing gastrointestinal 
diseases. Post-transplant diarrhea is the most frequent clinical manifestation 
and may interfere with the absorption of immunosuppressive medications. 
Upper gastrointestinal disorders, such as gastritis and peptic ulcer disease, are 
also frequently encountered, particularly in patients receiving corticosteroids or 
antithrombotic therapy. Acute pancreatitis is less common but remains clinically 
relevant because of its potential severity. This chapter reviews the epidemiology, 
pathophysiology, clinical presentation, diagnostic evaluation, and management 
of gastrointestinal complications after kidney transplantation, with particular 
emphasis on post-transplant diarrhea and pancreatitis.

Keywords: kidney transplantation; gastrointestinal complications; post-
transplant diarrhea; acute pancreatitis; immunosuppressive therapy; opportunistic 
infections; peptic ulcer disease; transplant recipients.

INTRODUCTION

Gastrointestinal complications constitute one of the most frequently encountered 
categories of non-renal medical problems following kidney transplantation. 
Advances in transplant surgery and modern immunosuppressive therapy 
have significantly improved graft survival and longevity. Consequently, long-
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toxicity from infectious causes. Although less frequent, acute pancreatitis 
represents a potentially serious complication that warrants prompt recognition 
and management. Early diagnosis, appropriate adjustment of immunosuppressive 
therapy, and multidisciplinary care are essential for optimizing patient outcomes 
and preserving graft function.
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Chapter 11

HEPATOBILIARY PROBLEMS AFTER KIDNEY 
TRANSPLANTATION

Ahmet Gokhan SARITAS1

Mevlut Harun AGCA2

Abstract

Hepatobiliary complications are frequently encountered in kidney transplant 
recipients and represent an underappreciated cause of morbidity in this population. 
The post-transplant milieu — characterized by chronic immunosuppression, 
polypharmacy, and metabolic derangement — creates a unique substrate for 
hepatic injury that differs substantially from that seen in the general population. 
This chapter provides a comprehensive review of the principal categories of 
hepatobiliary disease following kidney transplantation, including drug-induced 
liver injury (DILI) attributable to immunosuppressants, antifungals, antibiotics, 
and statins; viral hepatitis reactivation and de novo infection with hepatitis B 
(HBV) and hepatitis C (HCV) viruses; biliary tract disease including cholelithiasis, 
cholangitis, and choledocholithiasis; and metabolic-associated fatty liver disease 
(MAFLD/NAFLD) driven by post-transplant metabolic syndrome. Diagnostic 
evaluation is structured around liver function test (LFT) pattern analysis — 
hepatocellular, cholestatic, or mixed — supplemented by viral serology, abdominal 
imaging, and liver biopsy where indicated. A stepwise algorithmic approach and 
multidisciplinary management framework are presented. Figures illustrating 
the diagnostic algorithm and pathophysiological mechanisms are provided to 
facilitate clinical application. With up to 50% of kidney transplant recipients 
experiencing clinically relevant LFT abnormalities at some point post-transplant, 
systematic surveillance and early intervention are paramount to preserving both 
hepatic and allograft function.
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prevention and hepatoprotection. Advances in antiviral therapy for HBV and 
HCV, evolving immunosuppressive strategies, and emerging metabolic therapies 
offer increasingly effective tools for the prevention and treatment of post-
transplant liver disease. Multidisciplinary collaboration, regular monitoring, and 
patient engagement remain the cornerstones of optimal hepatobiliary care in this 
vulnerable population.
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Chapter 12

IMMUNOSUPPRESSIVE DRUGS AND 
OCULAR COMPLICATIONS AFTER KIDNEY 

TRANSPLANTATION

Burak ULAS1

Abstract

Kidney transplantation is the treatment of choice for patients with end-stage renal 
disease and has substantially improved long-term survival and quality of life. The 
success of transplantation, however, relies on lifelong immunosuppressive therapy, 
which is associated with a wide range of systemic adverse effects, including 
potentially vision-threatening ocular complications. As the life expectancy of 
transplant recipients continues to increase, recognition and prevention of drug-
related ocular morbidity have become increasingly important components of 
comprehensive post-transplant care.

Ocular complications in kidney transplant recipients arise through 
multiple mechanisms, including direct pharmacologic toxicity, microvascular 
dysregulation, neurotoxicity, impaired tissue repair, and increased susceptibility 
to opportunistic infections. This chapter provides a comprehensive and 
clinically oriented overview of ocular complications associated with the major 
classes of immunosuppressive agents used in renal transplantation, including 
corticosteroids, calcineurin inhibitors, mammalian target of rapamycin (mTOR) 
inhibitors, and antimetabolites. Corticosteroids remain the most common 
cause of ocular morbidity, frequently leading to posterior subcapsular cataract, 
steroid-induced glaucoma, and central serous chorioretinopathy. Calcineurin 
inhibitors, particularly tacrolimus and cyclosporine, may produce neuro-
ophthalmic complications such as toxic optic neuropathy and posterior reversible 
encephalopathy syndrome. In contrast, mTOR inhibitors primarily affect ocular 
surface integrity and wound healing, whereas antimetabolites contribute mainly 
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ophthalmic adverse effects, and clinically important pharmacokinetic interactions 
with immunosuppressive drugs.

Immunosuppressive drug–related ocular complications represent a significant 
and clinically consequential component of long-term morbidity after kidney 
transplantation. Their impact extends beyond visual symptoms alone, influencing 
functional independence, quality of life, perioperative recovery, and the broader 
safety profile of chronic transplant therapy. Greater awareness, systematic 
ophthalmologic surveillance, and integrated multidisciplinary care are essential 
to minimizing preventable visual loss while maintaining durable graft survival. As 
post-transplant care continues to evolve toward more personalized and outcome-
oriented models, ophthalmologic monitoring should be increasingly recognized 
as a necessary pillar of high-quality kidney transplant medicine.
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Chapter 13

INFECTIOUS, NON-INFECTIOUS AND VASCULAR 
COMPLICATIONS OF THE EYE AFTER KIDNEY 

TRANSPLANTATION

Ibrahim Inan HARBIYELI1

Abstract

Although kidney transplantation is the gold standard treatment for patients 
with end-stage renal failure, the lifelong immunosuppressive therapy required 
for graft survival makes patients susceptible to serious ocular complications. 
This study examines post-transplant ocular conditions under three main 
headings: infectious, non-infectious, and vascular. Within the infectious 
complications, herpes viruses are the most common viral pathogens causing 
serious post-transplant ocular infections. The most important clinical conditions 
include cytomegalovirus retinitis, herpes simplex virus keratitis, herpes zoster 
ophthalmicus, herpetic acute retinal necrosis, and Epstein-Barr virus retinitis, 
and the diagnostic and treatment strategies for these important pathologies are 
highlighted. Toxoplasma chorioretinitis, caused by the obligate intracellular 
protozoan parasite Toxoplasma gondii, is a destructive ocular infection and its 
important aspects are discussed in this section. Ocular bacterial infections in 
renal transplant recipients are serious complications caused by opportunistic 
pathogens due to the effects of immunosuppression. In this group, ocular syphilis, 
cat scratch disease, and tuberculosis are primarily examined. On the other hand, 
when fungal infections are considered, Aspergillus is one of the most common 
causes of systemic fungal diseases in kidney transplant recipients. In the section 
on non-infectious and vascular complications, tubulointerstitial nephritis and 
uveitis syndrome, hypertensive retinopathy, diabetic retinopathy, and retinal vein 
occlusion are covered. Because immunosuppressive drugs can mask typical signs 
of ocular inflammation, early diagnosis of vision-threatening conditions in kidney 
transplant recipients is difficult. To prevent diagnostic delays and permanent 
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this type of retinal vascular occlusion. Fundus fluorescein angiography is used to 
confirm the diagnosis and identify ischemic areas. Optical coherence tomography 
is critically important, especially for the quantitative assessment of retinal 
thickness and edema. In the treatment plan, laser photocoagulation is applied for 
ischemic cases, while vitrectomy surgery may be necessary in complicated cases. 
To minimize the risk of vision loss, regular ophthalmological check-ups are vital 
for high-risk transplant patients.

CONCLUSION

Kidney transplantation is the definitive treatment for end-stage renal failure, 
but the lifelong immunosuppressive therapy required to preserve graft function 
exposes the eye to a wide range of infectious, non-infectious, and vascular 
complications. This section summarizes the major viral, parasitic, bacterial, and 
fungal opportunistic infections, autoimmune pathologies, and vascular occlusive 
events that can develop after transplantation. Since immunosuppression can 
mask the classic signs of ocular inflammation, timely diagnosis requires repeated 
ophthalmological examinations and structured multidisciplinary follow-up. 
Therefore, routine ophthalmological screening should be considered an integral 
component of post-transplant patient care.
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Chapter 14

BONE AND JOINT PROBLEMS AFTER KIDNEY 
TRANSPLANTATION

Melih BAGIR1

Abstract

Kidney transplantation is a treatment method for terminal renal insufficiency. 
Bone and joint issues commonly occur after kidney transplantation. Osteoporosis, 
osteopenia, fractures, renal osteodystrophy and osteomalacia are the most 
relevant problems subsequent to transplantation. Sarcopenia, a decrease in 
muscle mass, can also be observed. All these problems result in a deterioration 
in patients’ quality of life, which is closely related to morbidity and mortality 
rates. Immunosuppressive drugs after transplantation were identified as the main 
etiology of these musculoskeletal problems. Recent studies support reducing 
corticosteroid dosages and using alternative immunosuppressive drugs to prevent 
graft-versus-host disease, thereby reducing bone and joint complications. As a 
result, customized treatment selection has been shown to be the key factor for 
minimizing these problems. In this section, we explained the bone and joint 
problems, their diagnosis, and the up-to-date treatment methods after renal 
transplantation.

Keywords: Renal transplant, musculoskeletal, metabolic

INTRODUCTION

Renal transplantation is an effective treatment for terminal renal insufficiency. 
After transplantation, the patient’s clinical condition is strongly correlated 
with quality of life. Bone and joint problems are frequently encountered after 
renal transplantation. These pathologies could be either problems prior to 
transplantation, related to renal insufficiency, or to immunosuppressive treatment 
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Chapter 15

POST-TRANSPLANT BONE MINERAL DISEASE

Aylin SARIYILDIZ1

Aysegul YETISIR2

Abstract

Kidney transplantation is associated with mineral and bone disorders that 
contribute to an increased risk of fractures and, consequently, to higher morbidity 
and mortality. Post-transplant mineral and bone disorders encompass not only 
the persistent effects of chronic kidney disease–mineral and bone disorder 
present before transplantation, but also new pathophysiological processes 
driven by persistent hyperparathyroidism, elevated fibroblast growth factor-23 
levels, vitamin D deficiency, calcium–phosphate imbalance, immunosuppressive 
therapies, and changes in graft function. The assessment of bone disorder in 
kidney transplant recipients includes the identification of clinical risk factors, 
monitoring of biochemical parameters, evaluation of bone mineral density 
by dual-energy X-ray absorptiometry, and, in selected cases, bone biopsy. 
However, currently available diagnostic tools have certain limitations in precisely 
determining fracture risk and characterizing the type of bone turnover. Primary 
management strategies include non-pharmacological measures, such as reducing 
fall risk, promoting exercise, and modifying lifestyle- alongside adequate 
calcium and vitamin D supplementation. Individualized treatment options may 
include bisphosphonates, denosumab, calcimimetics, osteoanabolic agents, and 
parathyroidectomy. Evidence remains limited regarding the long-term effects of 
these interventions on fracture outcomes, graft safety, and their efficacy across 
different patterns of bone turnover. This review aims to provide a comprehensive 
overview of the current literature on the pathophysiology, epidemiology, risk 
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Future research in this field should focus on evaluating current therapeutic 
strategies, with particular emphasis on long-term outcomes beyond the first year 
after KT. High-quality studies are required to generate stronger evidence based on 
clinical outcomes and to better define the efficacy and safety of bisphosphonates 
and other therapeutic options in the management of both skeletal and extraskeletal 
complications associated with PTBD.

REFERENCES
1.	 Teh JW, Mac Gearailt C, Lappin DWP. Post-Transplant Bone Disease in Kidney Trans-

plant Recipients: Diagnosis and Management.  International Journal of Molecular Sciences. 
2024;25(3):1859. doi:https://doi.org/10.3390/ijms25031859

2.	 Afsar B, Afsar RE, Caliskan Y, et al. The Relationship between Sclerostin and Kidney Trans-
plantation Mineral Bone Disorders: A Molecule of Controversies. Calcified Tissue Internatio-
nal. 2024;115(4):339-361. doi:https://doi.org/10.1007/s00223-024-01261-w

3.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clin-
ical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney 
International. 2024;105(4S):S117-S314. doi:https://doi.org/10.1016/j.kint.2023.10.018

4.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work Group. KDI-
GO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and 
Treatment of Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD). Kidney In-
ternational Supplements (2011). 2017;7(1):1-59. doi:https://doi.org/10.1016/j.kisu.2017.04.001

5.	 Torregrosa JV, Ferreira AC, Cucchiari D, et al. Bone Mineral Disease After Kidney Transplan-
tation. Calcified Tissue International. 2021;108(4):551-560. doi:https://doi.org/10.1007/s00223-
021-00837-0

6.	 Kurnool S, Shah N, Ekanayake P. Treatment of osteoporosis in the solid organ transplant 
recipient: an organ-based approach.  Therapeutic Advances in Endocrinology Metabolism. 
2025;16:20420188251347351. doi: https:// 10.1177/20420188251347351

7.	 Wolf M, Weir MR, Kopyt N, et al. A Prospective Cohort Study of Mineral Metabolism Af-
ter Kidney Transplantation. Transplantation. 2016;100:184–193. doi:https://10.1097/
TP.0000000000000823.

8.	 Kovvuru K, Kanduri SR, Vaitla P, et al. Risk Factors and Management of Osteoporosis 
Post-Transplant. Medicina (Kaunas). 2020;56(6):302. doi: https:// 10.3390/medicina56060302

9.	 Kim KJ, Ha J, Kim SW, et al. Bone Loss after Solid Organ Transplantation: A Review of Or-
gan-Specific Considerations. Endocrinology and Metabolism (Seoul). 2024;39(2):267-282. doi: 
https:// 10.3803/EnM.2024.1939

10.	 Amiri FS, Khatami MR. Fibroblast Growth Factor 23 in Postrenal Transplant: An Often For-
gotten Hormone. Experimental and Clinical Transplantation. 2016;14(6):606-616. doi: https:// 
10.6002/ect.2016.0025

11.	 Bellorin-Font E, Rojas E, Martin KJ. Bone Disease in Chronic Kidney Disease and Kidney 
Transplant. Nutrients. 2022;15(1):167. doi: https:// 10.3390/nu15010167.

12.	 Khairallah P, Nickolas TL. Bone and Mineral Disease in Kidney Transplant Recipients. Clini-
cal Journal of the American Society of Nephrology. 2022;17(1):121-130. doi: https:// 10.2215/
CJN.03410321

13.	 Palmer SC, Chung EY, McGregor DO, et al. Interventions for preventing bone disease in kid-
ney transplant recipients. Cochrane Database of Systematic Reviews. 2019;10(10):CD005015. 
doi: https:// 10.1002/14651858.CD005015.pub4



Post-Transplant Bone Mineral Disease

- 235 -

14.	 Cowan AC, Solo K, Lebedeva V, et al. Incidence, Prediction, and Prevention of Fractures After 
Kidney Transplantation: A Systematic Review Protocol. Canadian Journal of Kidney Health and 
Disease. 2024;11:20543581241306799. doi: https:// 10.1177/20543581241306799

15.	 Kuppachi S, Cheungpasitporn W, Li R, et al. Kidney transplantation, immunosuppression and 
the risk of fracture: clinical and economic implications. Kidney Medicine. 2022;4(6):100474. 
doi: https:// 10.1016/j.xkme.2022.100474.

16.	 Jia L, Chao S, Yang Q, et al. The comprehensive incidence and risk factors of fracture in kidney 
transplant recipients: a meta-analysis. Nephrology (Carlton). 2024;29(9):588-599. doi: https:// 
10.1111/nep.14301.

17.	 Ketteler M, Evenepoel P, Holden RM, et al. Chronic kidney disease-mineral and bone disor-
der: conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO) Controversies 
Conference. Kidney international. 2025;107(3):405-423. doi: https:// 10.1016/j.kint.2024.11.013

18.	 Georgopoulou GA, Papasotiriou M, Ntrinias T, et al. Impact of bisphosphonate treat-
ment on bone mineral density after kidney transplant. World Journal of Transplantation. 
2024;14(3):92335. doi: https:// 10.5500/wjt.v14.i3.92335

19.	 Leng Y, Yu X, Yang Y, et al. Efficacy and safety of medications for osteoporosis in kidney trans-
plant recipients or patients with chronic kidney disease: A meta-analysis. Journal of Investigati-
ve Medicine. 2023;71:760–772. doi: https:// 10.1177/10815589231184215.

20.	 Toth-Manikowski SM, Francis JM, Gautam A, et al. Outcomes of bisphosphonate therapy in 
kidney transplant recipients: a systematic review and meta-analysis. Clinical Transplantation. 
2016;30(9):1090-1096. doi: https:// 10.1111/ctr.12792.

21.	 Lip A, Warias A, Shamseddin MK, et al. Effect of bisphosphonates on bone health in adult renal 
transplant patients: beyond the first year posttransplant—a systematic review and meta-anal-
ysis. Canadian Journal of Kidney Health and Disease. 2019;6: 2054358119858014. doi: https:// 
10.1177/2054358119858014.

22.	 Kahwaji JM, Yang SJ, Sim JJ, et al. Bisphosphonate Use after Kidney Transplantation Is Asso-
ciated with Lower Fracture Risk. Clinical Journal of the American Society of Nephrology. Pub-
lished online November 5, 2024. doi: https:// 10.2215/CJN.0000000591

23.	 Song SH, Choi HY, Kim HY, et al. Effects of bisphosphonates on long-term kidney transplanta-
tion outcomes. Nephrology Dialysis Transplantation. 2021;36(4):722-729. doi: https:// 10.1093/
ndt/gfaa371

24.	 Zhu P, Yang T, Le J, et al. Efficacy of denosumab on bone metabolism and bone mineral density 
in renal transplant recipients: a systematic review and meta-analysis. Transplantation Reviews 
(Orlando). 2023;37(4):100793. doi: https:// 10.1016/j.trre.2023.100793.

25.	 Vetrano D, Aguanno F, Passaseo A, et al. Efficacy and safety of teriparatide in kidney transplant 
recipients with osteoporosis and low bone turnover: a real-world experience. International 
Urology and Nephrology. 2025;57(6):1965-1975. doi: https:// 10.1007/s11255-025-04383-8

26.	 Cejka D, Benesch T, Krestan C, et al. Effect of teriparatide on early bone loss after kidney 
transplantation. American Journal of Transplantation. 2008;8(9):1864-1870. doi: https:// 
10.1111/j.1600-6143.2008.02327.x

27.	 Tominaga A, Wada K, Kato Y, et al. Romosozumab for managing severe osteoporosis in patients 
undergoing kidney transplantation: a retrospective case series. JBMR Plus. 2025;9(6):ziaf049. 
doi: https:// 10.1093/jbmrpl/ziaf049



- 237 -

Chapter 16

IMMUNOSUPPRESSION-RELATED EARLY 
NEUROLOGICAL COMPLICATIONS AFTER KIDNEY 

TRANSPLANTATION

Mehmet Taylan PEKÖZ1

Abstract

Neurological complications after kidney transplantation may appear early in the 
postoperative period and are frequently related to immunosuppressive treatment, 
metabolic vulnerability, infection, vascular instability, or drug interactions. 
Among immunosuppression-related disorders, calcineurin inhibitor (CNI) 
neurotoxicity is the most clinically relevant entity. Tacrolimus and cyclosporine 
may cause a broad neurological spectrum ranging from tremor, headache, 
insomnia, paresthesia, and mild cognitive symptoms to encephalopathy, seizures, 
posterior reversible encephalopathy syndrome (PRES), and, rarely, coma or focal 
neurological deficits. The presentation may be subtle because fever, leukocytosis, 
and inflammatory responses can be blunted in immunosuppressed recipients. 
Early recognition is essential because neurological toxicity may be reversible 
when precipitating factors are corrected and immunosuppressive therapy is 
appropriately adjusted. Mechanistic target of rapamycin (mTOR) inhibitors and 
corticosteroids may also contribute to neurological and psychiatric symptoms, 
either directly or through metabolic, vascular, and pharmacokinetic mechanisms. 
Acute delirium and metabolic encephalopathy require a structured differential 
diagnosis including hypoxia, dysglycemia, electrolyte disturbances, renal or 
hepatic dysfunction, infection, hypertensive emergency, and medication toxicity. 
Seizures and status epilepticus in kidney transplant recipients demand rapid 
standard treatment while considering renal function, dialysis, interactions 
with immunosuppressants, and avoidance of enzyme-inducing antiseizure 
medications whenever possible. This chapter summarizes the clinical spectrum, 
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according to standard emergency principles while considering renal function 
and drug interactions. The distinction between refractory and super-refractory 
status epilepticus must be preserved: super-refractory status epilepticus is defined 
by persistence or recurrence after at least 24 hours of anesthetic therapy, not by 
persistence beyond 60 minutes.

Optimal care requires collaboration among transplant surgeons, nephrologists, 
neurologists, intensivists, infectious disease specialists, pharmacists, and 
radiologists. As transplant recipients become older and medically more 
complex, careful monitoring, medication reconciliation, individualized 
immunosuppression, and early neurological consultation will remain central to 
preventing avoidable morbidity.
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Chapter 17

MEDIUM AND LONG-TERM NEUROLOGICAL 
COMPLICATIONS AFTER KIDNEY 

TRANSPLANTATION

Ahmet Yusuf ERTÜRK1

Abstract

Neurological complications after renal transplantation represent an important 
source of morbidity and may substantially affect long-term functional status, 
treatment adherence, quality of life, and graft outcomes. Although these 
complications may occur at any time after transplantation, medium- and long-
term neurological manifestations require particular attention because they are 
often related to chronic immunosuppression, opportunistic infections, vascular 
risk factors, metabolic disturbances, and drug-related neurotoxicity. This 
chapter reviews the major neurological complications encountered after the 
first month following renal transplantation, including central nervous system 
infections, posttransplant lymphoproliferative disease with CNS involvement, 
cerebrovascular disease, chronic cognitive impairment, peripheral neuropathy, 
and myopathy. A practical time-based framework is used, defining the medium 
term as 1 to 6 months and the long term as the period beyond 6 months after 
transplantation. Opportunistic and reactivation infections such as cryptococcal 
meningitis, progressive multifocal leukoencephalopathy, cytomegalovirus 
infection, cerebral aspergillosis, and toxoplasmosis are discussed with emphasis 
on clinical presentation, diagnostic workup, neuroimaging findings, antimicrobial 
therapy, and immunosuppression management. Central nervous system 
posttransplant lymphoproliferative disease is addressed as a rare but serious late 
complication that requires EBV assessment, systemic staging, and histopathological 
confirmation. The chapter also highlights the increased burden of cerebrovascular 
disease and cognitive impairment in renal transplant recipients, together 
1	 Department of Neurology, University of Health Sciences Adana City Training and Research Hospital, 

mail:ahmetyusuf1990@gmail.com, ORCID iD: 0000-0002-1025-0519 

DOI: 10.37609/akya.4215.c12426



Medium And Long-Term Neurological Complicatıons After Kidney Transplantation

- 269 -

REFERENCES
1.	 Shoskes A, Wilson R. Neurologic complications of kidney transplantation. Transl Androl Urol. 

2019;8(2):164-172. doi:10.21037/tau.2018.08.11.
2.	 Faravelli I, Velardo D, Podestà MA, Ponticelli C. Immunosuppression-related neurological 

disorders in kidney transplantation. J Nephrol. 2021;34(2):539-555. doi:10.1007/s40620-020-
00956-1.

3.	 Fishman JA. Infection in solid-organ transplant recipients. N Engl J Med. 2007;357(25):2601-
2614. doi:10.1056/NEJMra064928.

4.	 Jurgensen A, Qannus AA, Gupta A. Cognitive function in kidney transplantation. Curr Trans-
plant Rep. 2020;7:145-153. doi:10.1007/s40472-020-00284-0.

5.	 Alviz LF, Jones BA, Agnihotri SP, Thakur KT. Identifying CNS infections in transplanta-
tion and immunomodulatory therapy. Ther Adv Infect Dis. 2024;11:20499361241298456. 
doi:10.1177/20499361241298456.

6.	 Tardieu L, Divard G, Lortholary O, et al. Cryptococcal meningitis in kidney transplant recip-
ients: A two-decade cohort study in France. Pathogens. 2022;11(6):699. doi:10.3390/patho-
gens11060699.

7.	 Mori K, Kurokawa M, Harada M, et al. Overview of MRI findings in progressive multifocal 
leukoencephalopathy. Jpn J Radiol. 2025;43(12):1908-1925. doi:10.1007/s11604-025-01837-y.

8.	 Baldassari LE, Wattjes MP, Cortese ICM, et al. The neuroradiology of progressive multifocal 
leukoencephalopathy: A clinical trial perspective. Brain. 2022;145(2):426-440. doi:10.1093/
brain/awab419.

9.	 Jeemon G, Ganesh K, Madavana VV, Abraham MA. A rare cause of encephalopathy post renal 
transplant: BK polyoma virus encephalitis. Indian J Nephrol. 2023;33(6):464-467. doi:10.4103/
ijn.ijn_150_22.

10.	 Anjum SH, Bennett JE, Dean O, et al. Neuroimaging of cryptococcal meningitis in patients 
without human immunodeficiency virus: Data from a multi-center cohort study. J Fungi (Ba-
sel). 2023;9(5):594. doi:10.3390/jof9050594.

11.	 Chandler S, Isbel N. Progressive multifocal leukoencephalopathy 10 years following trans-
plant: 5HT receptor antagonism as an adjunct to immune reconstitution. BMJ Case Rep. 
2022;15(12):e252284. doi:10.1136/bcr-2022-252284.

12.	 van den Bogaart L, Lang BM, Rossi S, et al. Central nervous system infections in solid organ 
transplant recipients: Results from the Swiss Transplant Cohort Study. J Infect. 2022;85(1):1-7. 
doi:10.1016/j.jinf.2022.05.019.

13.	 Serris A, Benzakoun J, Danion F, et al. Cerebral aspergillosis in the era of new antifungals: The 
CEREALS national cohort study. J Infect. 2022;84(2):227-236. doi:10.1016/j.jinf.2021.11.014.

14.	 La Hoz RM, Morris MI. Tissue and blood protozoa including toxoplasmosis, Chagas disease, 
leishmaniasis, Babesia, Acanthamoeba, Balamuthia, and Naegleria in solid organ transplant 
recipients: Guidelines from the American Society of Transplantation Infectious Diseases Com-
munity of Practice. Clin Transplant. 2019;33(9):e13546. doi:10.1111/ctr.13546.

15.	 Jin L, Lu D, Yan F, et al. A disease warranting attention from neurosurgeons: Primary central 
nervous system post-transplant lymphoproliferative disorder. Front Neurol. 2024;15:1392691. 
doi:10.3389/fneur.2024.1392691.

16.	 Ludvigsen LUP, Åsberg A, Spetalen S, et al. Risk and prognosis of posttransplant lymphopro-
liferative disease in Epstein-Barr virus-seronegative kidney transplant recipients: An observa-
tional cohort study from Norway and western Denmark. Am J Transplant. 2025;25(7):1547-
1560. doi:10.1016/j.ajt.2025.01.035.  

17.	 El-Mallawany NK, Rouce RH. EBV and post-transplant lymphoproliferative disorder: A 
complex relationship. Hematology Am Soc Hematol Educ Program. 2024;2024(1):728-735. 
doi:10.1182/hematology.2024000583.



Complications After Kidney Transplantation

- 270 -

18.	 Atallah-Yunes SA, Salman O, Robertson MJ. Post-transplant lymphoproliferative disorder: 
Update on treatment and novel therapies. Br J Haematol. 2023;201(3):383-395. doi:10.1111/
bjh.18763.

19.	 Tsai TH, Huang KH, Chen H, et al. Risks of cardiovascular disease and cerebrovascular disease 
following kidney transplantation: A nationwide, population-based cohort study. Int J Med Sci. 
2025;22(9):2237-2246. doi:10.7150/ijms.108744.

20.	 De La Mata NL, Kelly PJ, Wyld M, et al. Excess stroke deaths in kidney transplant recipi-
ents: A retrospective population-based cohort study using data linkage. Transplantation. 
2020;104(10):2129-2138. doi:10.1097/TP.0000000000003091.

21.	 Gupta A, Mahnken JD, Bernal J, et al. Changes in cognitive function after kidney transplan-
tation: A longitudinal cohort study. Am J Kidney Dis. 2024;84(1):28-37.e1. doi:10.1053/j.
ajkd.2023.12.022.

22.	 Ziengs AL, Buunk AM, van Sonderen L, et al. Long-term cognitive impairments in kidney 
transplant recipients: Impact on participation and quality of life. Nephrol Dial Transplant. 
2023;38(2):491-498. doi:10.1093/ndt/gfac035.

23.	 Schietzel S, Kressig RW, Huynh-Do U. Screening of cognitive performance in kidney transplant 
recipients: A mini review. Front Nephrol. 2023;3:1238501. doi:10.3389/fneph.2023.1238501.

24.	 Bajon A, Sikora J, Siwek M, et al. Neurotoxicity of calcineurin inhibitors. Ann Indian Acad 
Neurol. 2025;28(4):505-511. doi:10.4103/aian.aian_614_24.

25.	 Evans MC, Bellanti R, Dahdaleh S, et al. Chronic inflammatory demyelinating polyra-
diculoneuropathy developing during tacrolimus treatment: A case series. Muscle Nerve. 
2025;72(6):1289-1293. doi:10.1002/mus.70025.

26.	 Wu M, Liu C, Sun D. Glucocorticoid-Induced Myopathy: Typology, Pathogenesis, Diagnosis, 
and Treatment. Horm Metab Res. 2024;56(5):341-349. doi:10.1055/a-2246-2900.

27.	 Ferdousi M, Azmi S, Kalteniece A, et al. No evidence of improvement in neuropathy after renal 
transplantation in patients with end stage kidney disease. J Peripher Nerv Syst. 2021;26(3):269-
275. doi:10.1111/jns.12456.

28.	 Baker LA, March DS, Wilkinson TJ, et al. Clinical practice guideline exercise and lifestyle in 
chronic kidney disease. BMC Nephrol. 2022;23(1):75. doi:10.1186/s12882-021-02618-1.

29.	 Billany RE, Bishop NC, Castle EM, et al. Physical activity interventions in adult kidney trans-
plant recipients: An updated systematic review and meta-analysis of randomized controlled 
trials. Ren Fail. 2025;47(1):2480246. doi:10.1080/0886022X.2025.2480246.



- 271 -

Bölüm 18

RECURRENT DISEASES AFTER KIDNEY 
TRANSPLANTATION

Mutlu DEGER1

Abstract

Recurrent disease after kidney transplantation remains an important cause 
of proteinuria, graft dysfunction, and allograft loss. This review summarizes 
the epidemiology, pathogenesis, clinical presentation, diagnosis, risk factors, 
and treatment of the most relevant recurrent diseases, including membranous 
nephropathy, primary focal segmental glomerulosclerosis, IgA nephropathy, lupus 
nephritis, C3 glomerulopathy, and amyloidosis. Recurrence is driven by persistent 
recipient-specific mechanisms such as autoantibodies, circulating permeability 
factors, galactose-deficient IgA1 immune complexes, complement dysregulation, 
or ongoing systemic inflammatory or clonal plasma cell disorders. Clinical 
manifestations range from isolated proteinuria and microscopic hematuria to 
nephrotic syndrome and progressive graft dysfunction, although recurrence may 
also be subclinical.

Kidney allograft biopsy remains the diagnostic cornerstone and is essential 
for distinguishing recurrence from rejection, calcineurin inhibitor toxicity, and 
chronic allograft injury. Serologic and biomarker-based tools, including anti-
PLA2R, anti-nephrin, complement markers, and disease-specific hematologic 
parameters, may support risk stratification and follow-up but do not replace 
histologic confirmation. Pretransplant disease quiescence, assessment of antibody 
burden, and identification of genetic or monoclonal causes are critical for 
recurrence prevention.

Management is disease-specific and combines optimized supportive care with 
tailored immunosuppression or targeted therapy. Rituximab, plasmapheresis, 
corticosteroids, calcineurin inhibitors, complement-directed agents, and 
1	 Assoc. Prof. Dr., Department of Urology, Faculty of Medicine, Cukurova University,  

drmutludeger@gmail.com, ORCID iD: 0000-0002-8357-5744 

DOI: 10.37609/akya.4215.c12427



Recurrent Diseases After Kidney Transplantation

- 289 -

REFERENCES
1.	 Phumthian T, Wattanasatja V, Wipattanakitcharoen A, et al. Recurrent, Nonrecurrent, and De 

Novo Membranous Nephropathy After Kidney Transplantation: A Systematic Review and Me-
ta-Analysis. Kidney Med. 2026 Feb 6;8(4):101284. doi: 10.1016/j.xkme.2026.101284.

2.	 Koirala A, Singh A, Geetha D. Recurrence of Glomerular Diseases (GN) After Kidney 
Transplantation: A Narrative Review. J Clin Med. 2025 Sep 22;14(18):6686. doi: 10.3390/
jcm14186686.

3.	 Gaggar P, Nair RR, Thakur AP, et al. Post Transplant Membranous Nephropathy: A 10-year 
Single-Centre Experience. Indian J Nephrol. 2025 Jul-Aug;35(4):552-554. doi: 10.25259/
IJN_150_2025.

4.	 Bai J, Zheng Z, Cao J, et al. Incidence and risk factors for recurrent membranous nephrop-
athy after kidney transplantation: a systematic review and meta-analysis. Ann Med. 2025 
Dec;57(1):2522971. doi: 10.1080/07853890.2025.2522971.

5.	 Bensouna I, Delafosse M, Cartery C, et al. Recurrence of Phospholipase A2 Receptor-Asso-
ciated Membranous Nephropathy in the Absence of Serum Anti-Phospholipase A2 Recep-
tor Antibodies Reappearance. Kidney Int Rep. 2024 Dec 10;10(3):952-955. doi: 10.1016/j.
ekir.2024.12.009.

6.	 Rodrigo E, Belmar L, Pérez-Canga JL. Recurrence of Glomerular Diseases after Kidney Trans-
plantation: What Do We Know New? Nephron. 2025 Jan 8:1-12. doi: 10.1159/000543268.

7.	 Kenan A, Kurien AA, Gonzalez M, et al. Neural epidermal growth factor-like 1 protein-positive 
membranous nephropathy in renal allografts: A series of 6 patients. Am J Transplant. 2025 
Apr;25(4):860-866. doi: 10.1016/j.ajt.2024.11.026.

8.	 Cremoni M, Teisseyre M, Thaunat O, et al. Anti-Phospholipase A2 Receptor 1 Antibodies and 
Membranous Nephropathy Recurrence After Kidney Transplantation. Kidney Int Rep. 2024 
Sep 23;9(12):3427-3438. doi: 10.1016/j.ekir.2024.09.012.

9.	 Beck LH, Salant DJ. The podocyte slit diaphragm: target of anti-nephrin antibodies. Curr Opin 
Nephrol Hypertens. 2026 May 1;35(3):279-286. doi: 10.1097/MNH.0000000000001167.

10.	 Oatley Z, Jaber D, Rayarakula N, et al. Recurrence of focal segmental glomerulosclerosis: An 
updated review of pathophysiology, biomarkers, and therapeutic strategies. Cell Transplant. 
2026 Jan-Dec;35:9636897261417049. doi: 10.1177/09636897261417049.

11.	 Nuccitelli R, Toutoungis A, Martinelli E, et al. Opportunities and challenges in recurrent diffuse 
podocytopathy post-transplantation: the critical value of the definition. Front Immunol. 2026 
Jan 22;17:1735978. doi: 10.3389/fimmu.2026.1735978.

12.	 Liaukouskaya N, Hengel FE, Mühlig A, et al. A New Hope for Treating Podocytopathies: 
Emerging Role of Anti-Nephrin Antibody. Clin J Am Soc Nephrol. 2026 Jan 21. doi: 10.2215/
CJN.0000001008.

13.	 Romagnani P, Tang SCW, Weins A, et al. Podocytopathies. Nat Rev Dis Primers. 2025 Dec 
11;11(1):87. doi: 10.1038/s41572-025-00671-w.

14.	 Filippone EJ, Farber JL. Serum Factors in Primary Podocytopathies. Antibodies (Basel). 2025 
Sep 28;14(4):82. doi: 10.3390/antib14040082.

15.	 Shan S, Li X, Zhang Y, Luo Z, et al. Post-Transplant Recurrence of Focal Segmental Glomerulo-
sclerosis: Circulating Factors, Molecular Biomarkers, and Treatments. Kidney Dis (Basel). 2025 
Jul 29;11(1):560-583. doi: 10.1159/000547336.

16.	 Moroni G, Longhi S, Quaglini S, et al. The long-term outcome of renal transplantation of IgA 
nephropathy and the impact of recurrence on graft survival. Nephrol Dial Transplant. 2013 
May;28(5):1305-14. doi: 10.1093/ndt/gfs472.

17.	 Leeaphorn N, Garg N, Khankin EV, Cardarelli F, Pavlakis M. Recurrence of IgA nephropathy 
after kidney transplantation in steroid continuation versus early steroid-withdrawal regimens: 
a retrospective analysis of the UNOS/OPTN database. Transpl Int. 2018 Feb;31(2):175-186. doi: 
10.1111/tri.13075.



Complications After Kidney Transplantation

- 290 -

18.	 Allen PJ, Chadban SJ, Craig JC, Lim WH, Allen RDM, Clayton PA, Teixeira-Pinto A, Wong G. 
Recurrent glomerulonephritis after kidney transplantation: risk factors and allograft outcomes. 
Kidney Int. 2017 Aug;92(2):461-469. doi: 10.1016/j.kint.2017.03.015.

19.	 Berthoux F, Suzuki H, Mohey H, et al. Prognostic Value of Serum Biomarkers of Autoimmuni-
ty for Recurrence of IgA Nephropathy after Kidney Transplantation. J Am Soc Nephrol. 2017 
Jun;28(6):1943-1950. doi: 10.1681/ASN.2016060670.

20.	 Matarneh A, Salameh O, Koirala M, Karasinski A, Kaur G, Trivedi N, Ghahramani N, Shah 
V. Treatment of Recurrent IgA Nephropathy After Kidney Transplantation: Case Report and 
Comprehensive Literature Review. Clin Case Rep. 2025 Nov 21;13(11):e71474. doi: 10.1002/
ccr3.71474.

21.	 Alnaimat F, AbuHelal A, Elmusa R, et al. Immune rehabilitation after renal transplantation in 
autoimmune diseases: Balancing immunosuppression and risk of complications. Autoimmun 
Rev. 2026 Apr;25(4):104031. doi: 10.1016/j.autrev.2026.104031.

22.	 Morytko M, Dziedzic R, Pociej-Marciak W, et al. Recurrence and Outcomes of Lupus Nephritis 
After Renal Transplantation: Analysis of Nine Cases and Review of the Literature. J Clin Med. 
2026 Feb 24;15(5):1682. doi: 10.3390/jcm15051682.

23.	 Gonzalez Suarez ML, Jiqiu W, Kattah AG, et al. The Clinicopathologic Characteristics of Recur-
rent Lupus Nephritis Post-Transplant Using Surveillance and Indication Biopsies. Kidney Int 
Rep. 2025 Apr 3;10(6):1829-1842. doi: 10.1016/j.ekir.2025.03.044.

24.	 Moroni G, Calatroni M, Ponticelli C. The Recurrence of Systemic Diseases in Kidney Trans-
plantation. J Clin Med. 2025 Apr 9;14(8):2592. doi: 10.3390/jcm14082592.

25.	 Jiang K, Pan Y, Pu D, et al. Kidney transplantation in Lupus Nephritis: a comprehensive re-
view of challenges and strategies. BMC Surg. 2025 Mar 22;25(1):112. doi: 10.1186/s12893-025-
02832-w.

26.	 Kim YE, Kim JM, Ahn SM, et al. Lupus flare and recurrent lupus nephritis following kidney 
transplantation in patients with lupus nephritis. Int J Rheum Dis. 2024 Sep;27(9):e15349. doi: 
10.1111/1756-185X.15349.

27.	 Kopel T, Salant DJ. C3 glomerulopathies: Dense deposit disease and C3 glomerulonephritis. In: 
Glassock RJ, Fervenza FC, Lam AQ, eds. UpToDate. Literature review current through March 
2026. Topic last updated December 19, 2025. Accessed April 21, 2026

28.	 Bartoli G, Dello Strologo A, Grandaliano G, et al. Updates on C3 Glomerulopathy in Kidney 
Transplantation: Pathogenesis and Treatment Options. Int J Mol Sci. 2024 Jun 13;25(12):6508. 
doi: 10.3390/ijms25126508.

29.	 Zuckerman J, Pham PT, Parakkal M, et al. C3 glomerulopathy post kidney transplantation: A 
single center experience. World J Transplant. 2025 Jun 18;15(2):101517. doi: 10.5500/wjt.v15.
i2.101517.

30.	 Schwarz C, Georgin-Lavialle S, Lombardi Y, et al. Kidney Transplantation in Patients With AA 
Amyloidosis: Outcomes in a French Multicenter Cohort. Am J Kidney Dis. 2024 Mar;83(3):329-
339. doi: 10.1053/j.ajkd.2023.07.020.

31.	 Yamauchi J, Raghavan D, Jweehan D, et al. Kidney Transplant Outcomes in Amyloido-
sis: US National Database Study. Transplantation. 2025 Mar 1;109(3):536-548. doi: 10.1097/
TP.0000000000005191.

32.	 Anand SK, Sanchorawala V, Verma A. Systemic Amyloidosis and Kidney Transplantation: An 
Update. Semin Nephrol. 2024 Jan;44(1):151496. doi: 10.1016/j.semnephrol.2024.151496.

33.	 Stern L, Havasi A. Renal transplantation in amyloidosis and MIDD. Front Biosci (Elite Ed). 
2015 Jan 1;7(1):149-57. doi: 10.2741/724.

34.	 Angel-Korman A, Havasi A. Kidney Transplantation in Systemic Amyloidosis. Transplanta-
tion. 2020 Oct;104(10):2035-2047. doi: 10.1097/TP.0000000000003170.



- 291 -

Chapter 19

MALIGNANCIES AFTER KIDNEY TRANSPLANTATION

Yasemin Aydinalp CAMADAN1

Tolga KOSECI2

Abstract

 The risk of malignancy after kidney transplantation is significantly higher than 
in the general population and is among the most critical complications affecting 
long-term survival and quality of life in transplant recipients. In the pretransplant 
period, disease-free waiting periods, determined by the cancer’s biological behavior 
and stage, are fundamental to ensuring oncological safety. In the posttransplant 
period, cumulative immunosuppressive burden is the most important modifiable 
risk factor. T-cell-depleting induction therapies and calcineurin inhibitors 
(CNIs), in particular, increase the risk of cancer. Furthermore, Torque Teno 
Virus (TTV) burden is a notable functional biomarker that reflects the patient’s 
immune competence and predicts the risk of malignancy that may develop due 
to excessive immunosuppression. Among de novo malignancies frequently seen 
in kidney transplant recipients, cutaneous squamous cell carcinoma tends to be 
more aggressive, multifocal, and to present at an earlier age than in the general 
population. Lymphoproliferative diseases, which are a significant risk in the 
early post-transplant phase, are among the most aggressive cancers linked to 
viral reactivation. In the urogenital system, native kidney renal cell carcinoma is 
notably prominent. The basic principles of malignancy management are based on 
establishing a delicate balance between oncological efficacy and the preservation 
of graft function, and on a multidisciplinary decision-making process. In this 
context, individualizing therapy and reducing the cumulative immunosuppressive 
burden, the most important modifiable risk factor, is the fundamental treatment 
strategy. The strategic switch from CNIs to mTOR inhibitors (sirolimus/
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combination of low-dose calcineurin inhibitors (CNIs) (e.g., tacrolimus target 
level 3-5 ng/mL) and steroids, while others advocate switching to mTOR inhibitors 
for antitumor synergy. However, low-dose CNIs do not always prevent rejection.

Nephrotoxicity: In addition to directly triggering rejection, ICIs can cause 
acute renal injury (AKI) due to acute tubulointerstitial nephritis in transplant 
kidneys.

Drug Interactions: Pharmacokinetic interactions and the cumulative 
nephrotoxicity potential of immunosuppressants (CNIs, mTOR inhibitors) and 
ICIs should be carefully managed in the treatment plan.
•	 Risk of Graft Loss and Planning for Conversion to Dialysis
•	 Planning should be initiated in cases of advanced cancer or when aggressive 

treatments threaten the graft.
•	 Dialysis Guarantee: Unlike other organ transplants, graft loss is not fatal for 

kidney transplant recipients; dialysis is available as a backup option.
•	 End-of-Life Decisions: Completely discontinuing immunosuppression in pa-

tients with advanced malignancy is a difficult decision. Gradual discontinua-
tion of medications and switching to high-dose steroids may be considered to 
prevent rejection symptoms. An integrated approach, including the palliative 
care team, is necessary in this process.
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Chapter 20

PREGNANCY AFTER KIDNEY TRANSPLANTATION

Mete SUCU1

Abstract

Kidney transplantation is the kidney replacement therapy method with the 
highest probability of restoring reproductive potential in women with advanced 
chronic kidney disease. Following a successful transplant, ovulatory cycles and 
spontaneous fertility often return within the first few months, frequently within 
the first six months; this makes pregnancy a realistic possibility for many women 
who were subfertile during dialysis or in the course of advanced renal failure. 
However, pregnancy should never be considered a routine occurrence in kidney 
transplant recipients. Pregnancy is a high-risk clinical situation, carrying not 
only the physiological burden of pregnancy itself but also the combined effects 
of chronic kidney disease, a single functioning graft, the need for lifelong 
immunosuppression, and the associated disease burden of hypertension, 
proteinuria, and the risk of infection.

Despite all these challenges, current data are generally encouraging with careful 
planning. Data from registry systems and meta-analyses show that live births are 
possible in the majority of pregnancies following kidney transplantation, with live 
birth rates often ranging from approximately 73–79%. These findings demonstrate 
that successful motherhood is possible in this patient group. However, despite 
acceptable live birth rates, rates of hypertensive pregnancy disorders, preterm 
birth, cesarean section, and fetal growth restriction are significantly higher 
compared to the general obstetric population. Therefore, the primary goal of care 
is not only to allow pregnancy but also to ensure conception occurs at the safest 
possible time and under the most appropriate clinical conditions.

Keywords: Kidney transplantation; pregnancy; fertility; chronic kidney 
disease; immunosuppressive therapy; high-risk pregnancy; live birth; preterm 
birth; hypertensive disorders of pregnancy; graft function.
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recipient-specific risk factors. Therefore, prevention and management require 
individualized immunosuppressive strategies, regular oncological screening, 
early detection of high-risk lesions, and careful monitoring of viral and immune 
biomarkers such as Torque Teno Virus. When malignancy develops, treatment 
should balance effective cancer control with preservation of graft function, 
and decisions regarding immunosuppression reduction, conversion to mTOR 
inhibitors, surgery, systemic therapy, or immune checkpoint inhibitors must be 
made through a multidisciplinary approach. Overall, personalized risk assessment 
and close collaboration between oncology, nephrology, and transplant teams are 
essential to improve long-term outcomes in kidney transplant recipients.
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Chapter 21

BLADDER DISORDERS AND VOIDING DYSFUNCTION 
AFTER KIDNEY TRANSPLANTATION

M.Gurkan ARIKAN1

Abstract

Kidney transplantation is the most effective treatment for end-stage renal disease; 
however, long-term graft survival largely depends on the functional integrity 
of the lower urinary tract. Bladder disorders and voiding dysfunction after 
transplantation are common, particularly in patients with a history of prolonged 
anuria or oliguria. These conditions are associated with reduced bladder capacity, 
impaired compliance, and detrusor dysfunction. Comprehensive evaluation, 
including clinical assessment, uroflowmetry, post-void residual measurement, 
and selective urodynamic studies, is essential for identifying high-risk patients. 
Common dysfunction patterns include low-capacity bladder, overactive bladder, 
hypocontractile bladder, and neurogenic bladder. If untreated, these conditions 
may lead to complications such as urinary tract infections, vesicoureteral reflux, 
and obstructive uropathy, ultimately compromising graft function. A stepwise 
management approach, incorporating pharmacological therapy, clean intermittent 
catheterization, and surgical interventions, is crucial for optimizing outcomes and 
preserving long-term graft function.

INTRODUCTION

Kidney transplantation represents the treatment method with the best survival 
and quality of life rates for end-stage renal disease (ESRD). However, the healty 
function of the graft after transplantation largely depends on the ability of the 
lower urinary tract (LUT) to safely store and empty the urine load from the new 
graft. Bladder disorders and voiding dysfunctions due to prolonged anuric or 
oliguric periods in transplant patients emerge after transplantation.
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determinants of transplant success and long-term graft survival. Functional 
monitoring initiated in the preoperative period and continued in the postoperative 
process;especially in patients whose clinical symptoms have become subtle due to 
prolonged anuria or who have a history of complex urological pathology, it allows 
for the early detection of underlying dysfunctions. It has been shown that timely 
and targeted treatment approaches (such as early surgical interventions, clean 
intermittent catheterization, or the creation of catheterizable channels), applied 
based on data obtained from urodynamic examinations, uroflowmetry, and PVR 
monitoring, protect the graft from mechanical damage caused by high intravesical 
pressure and obstructive uropathy. Consequently, the effective management of 
bladder disorders and voiding dysfunction is not merely a supportive approach; 
it is a fundamental component that directly protects graft function and optimizes 
long-term survival by providing a low-pressure and safe reservoir.
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Chapter 22

UPPER AIRWAY AND OTORHINOLARYNGOLOGIC 
COMPLICATIONS IN RENAL TRANSPLANT 

RECIPIENTS

Muhammed DAGKIRAN1

Ilda TANRISEVER PEHLİVAN2

Abstract

Renal transplantation significantly improves survival and quality of life in patients 
with end-stage renal disease. However, lifelong immunosuppressive therapy 
predisposes transplant recipients to a broad spectrum of infectious, inflammatory, 
and neoplastic complications involving the upper airway and otorhinolaryngologic 
system. Impairment of cellular immunity, disruption of mucosal barriers, and 
alterations in the sinonasal microbiome contribute to increased susceptibility 
to opportunistic infections and chronic inflammatory disorders. Chronic 
rhinosinusitis represents the most frequently encountered sinonasal complication, 
whereas invasive fungal rhinosinusitis, although less common, remains a life-
threatening condition requiring urgent diagnosis and management. Oropharyngeal 
complications such as chronic pharyngitis, oral candidiasis, aphthous ulcers, and 
herpes simplex infections are frequently observed and may significantly impair 
nutritional status and quality of life. Otologic manifestations, including otitis 
externa, otitis media, and drug-related ototoxicity, may also occur during the post-
transplant period. In addition, prolonged immunosuppression increases the risk 
of head and neck malignancies and post-transplant lymphoproliferative disorders. 
Early recognition of symptoms, prompt endoscopic evaluation, radiologic 
imaging, and microbiological or histopathological confirmation are essential 
for accurate diagnosis. Management requires a multidisciplinary approach 
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are indispensable tools in this process. Early biopsy is recommended for 
suspicious lesions. Management includes antimicrobial therapy, optimization of 
immunosuppression, and surgical intervention when necessary. Collaboration 
between nephrologists, ENT specialists, urologists and infectious disease experts 
is critical. Drug toxicity, interactions (e.g., calcineurin inhibitors with antifungals), 
and recurrence of infections are common challenges. Regular monitoring is 
required. Emerging approaches include personalized immunosuppression, 
microbiome-based therapies, and biomarker-driven diagnostics.

CONCLUSION

Renal transplant patients are prone to serious ENT conditions that can be life-
threatening. Therefore, a routine ENT evaluation should be performed prior 
to transplantation. Sinonasal symptoms that develop in the post-transplant 
period should be evaluated promptly. Particular vigilance is required for 
acute complications such as epistaxis, especially during the first month. A 
multidisciplinary approach and early endoscopic evaluation are key to reducing 
morbidity and mortality.
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Chapter 23

THORACIC COMPLICATIONS AFTER KIDNEY 
TRANSPLANTATION

İsmail Can KARACAOĞLU1

Abstract

Thoracic complications after kidney transplantation constitute a heterogeneous 
clinical spectrum ranging from early postoperative respiratory impairment to 
late infectious, thromboembolic, pleural, malignant, and ventilation-related 
disorders. Their evaluation requires more than routine postoperative respiratory 
assessment because immunosuppression, graft function, renal-adjusted therapies, 
altered inflammatory responses, and competing diagnoses frequently obscure 
the clinical picture. This chapter reviews thoracic complications from a thoracic 
surgery-oriented perspective, emphasizing practical diagnostic pathways, 
indications for invasive evaluation, and situations in which surgical intervention 
becomes necessary. Particular attention is given to postoperative atelectasis and 
pneumonia, pleural effusion and pleural infection, pulmonary embolism, thoracic 
malignancies, pulmonary nodules, post-transplant lymphoproliferative disorder, 
diaphragmatic dysfunction, and complex pleural or pulmonary conditions 
requiring video-assisted thoracoscopic surgery. The chapter highlights the 
importance of differentiating reversible postoperative changes from complications 
requiring microbiologic diagnosis, pleural drainage, bronchoscopy, tissue 
biopsy, oncologic staging, or operative management. Because evidence specific 
to kidney transplant recipients remains limited for several thoracic conditions, 
general thoracic, pulmonary, and thromboembolic principles should be applied 
with transplant-specific caution. Early recognition, structured assessment, 
individualized risk evaluation, and coordinated multidisciplinary care are central 
to improving outcomes in this vulnerable patient population.
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Chapter 24

METABOLIC COMPLICATIONS AFTER KIDNEY 
TRANSPLANTATION

Kaniye AYDIN1

Abstract

Various metabolic complications are common in the post-kidney transplant 
period and can negatively impact patient and graft survival. The most important 
complications include post-transplant diabetes mellitus (PTDM), dyslipidemia, 
metabolic syndrome, and electrolyte imbalances. PTDM is defined as diabetes 
that develops after transplantation and is evaluated regardless of the time of onset. 
The presence of PTDM is associated with an increased frequency of infections, 
increased cardiovascular morbidity and mortality, and an increased risk of graft 
loss. Dyslipidemia is characterized by elevated levels of low-density lipoprotein 
cholesterol and triglycerides, particularly in response to immunosuppressive 
therapies. This contributes to the development of atherosclerotic cardiovascular 
disease and facilitates the development of metabolic syndrome. Metabolic 
syndrome is a complex clinical condition characterized by abdominal obesity, 
hypertension, hyperglycemia, and dyslipidemia, and is a significant risk factor for 
cardiovascular mortality in kidney transplant recipients. Electrolyte imbalances 
are also commonly observed in the post-kidney transplant period. Hyperkalemia, 
particularly due to calcineurin inhibitors reducing distal tubular potassium 
secretion, can lead to serious cardiac arrhythmias. Hypomagnesemia, on the 
other hand, results from multifactorial mechanisms such as renal magnesium 
loss, gastrointestinal malabsorption, and immunosuppressive drug use. Low 
magnesium levels increase the risk of developing PTDM through decreased 
insulin secretion and increased insulin resistance, and can also potentiate the 
diabetogenic effects of calcineurin inhibitors. Hypophosphatemia is frequently 
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graft function. Early detection of metabolic complications, regular metabolic 
monitoring, and the implementation of individualized treatment strategies are 
critically important both in reducing cardiovascular events and in extending 
graft survival. The current approach aims not only to preserve graft function but 
also to improve long-term patient and graft survival through early and effective 
management of metabolic risk factors.
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Chapter 25

COMPLICATIONS IN PEDIATRICS AFTER RENAL 
TRANSPLANTATION

Önder ÖZDEN1

Abstract

This chapter examines the concept of childhood from social, legal, developmental, 
and ethical perspectives. It first discusses what it means to be a child and 
emphasizes that childhood should not be understood merely as a temporary 
stage before adulthood, but as a unique and valuable period of human life. The 
chapter highlights that children are rights-bearing individuals whose existence, 
development, and sense of self are shaped by the attitudes of families, society, 
and institutions. It explains how childhood has been defined in legal frameworks 
such as the Convention on the Rights of the Child, the Child Protection Law, the 
Turkish Penal Code, and the Turkish Civil Code. The chapter also addresses the 
importance of seeing the world through the eyes of children and draws attention 
to poverty, inequality, neglect, abuse, child labor, war, migration, and other 
social problems that threaten children’s well-being. Furthermore, it compares the 
worlds of children and adults, underlining that children should not be treated as 
miniature adults or forced into adult responsibilities. Overall, the chapter argues 
that protecting childhood means protecting human dignity, children’s rights, and 
the future of society.

Keywords: Childhood, child rights, child protection, child development, child 
welfare, childhood studies, social responsibility, neglect and abuse, child-centered 
approach

INTRODUCTION

Kidney transplantation is unquestionably the most appropriate treatment modality 
for many children with end-stage renal disease or those approaching this stage. 
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Lymphocele, defined as an encapsulated collection of lymphatic fluid arising 
secondary to the surgical division of lymphatic vessels overlying the iliac vasculature, 
represents a well-recognized urological complication in the post-transplant 
period. By exerting extrinsic compression upon the urinary tract, lymphocele 
may precipitate post-obstructive uropathy, thereby jeopardizing allograft function 
and long-term graft survival. In a retrospective study examining the incidence 
and clinical implications of this complication, lymphocele was identified in 
approximately 3% of pediatric renal transplant recipients, underscoring its 
relevance even within this relatively low-prevalence surgical context. Risk factors 
independently associated with lymphocele development include age greater 
than 11 years, male sex, body mass index exceeding the 95th percentile, and a 
history of multiple transplantations, suggesting that older children with higher 
adiposity and complex surgical histories may constitute a particularly vulnerable 
subgroup. Notably, in the aforementioned series, the presence of lymphocele was 
associated with a clinically meaningful 10% reduction in one-year graft survival, 
highlighting the potential downstream consequences of this complication on 
allograft longevity and emphasizing the importance of early detection and timely 
intervention in the post-transplant surveillance protocol[27].
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