
Academic Editor: Andreea Bot

(Rachisan)

Received: 7 July 2026

Revised: 5 August 2026

Accepted: 17 August 2026

Published: 21 August 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Systematic Review

Pediatric Kidney Transplantation: A Systematic Review
Noor Sadiq Almoosawe * , Fatima Majid Alezairej , Sultan Alsalami, Ayesha Mohamed Alkhanbouli,
Ghadir Toosi Zadeh , Ahmed Ghazi Saab, Hia Sadiq Almoosawe, Sarah Albadran, Mustafa Alani,
Subhranshu Sekhar Kar * , Bellary Kuruba Manjunatha Goud and Rajani Dube

RAK College of Medical Sciences, Ras Al Khaimah Medical and Health Sciences University,
Ras Al Khaimah P.O. Box 11172, United Arab Emirates; fatimah.23901020@rakmhsu.ac.ae (F.M.A.);
sultan.23901089@rakmhsu.ac.ae (S.A.); ayesha.23901012@rakmhsu.ac.ae (A.M.A.);
ghadir.23901023@rakmhsu.ac.ae (G.T.Z.); ahmed.23901007@rakmhsu.ac.ae (A.G.S.);
hia.25901106@rakmhsu.ac.ae (H.S.A.); sarah.23901081@rakmhsu.ac.ae (S.A.);
mustafa.23901060@rakmhsu.ac.ae (M.A.); manjunatha@rakmhsu.ac.ae (B.K.M.G.);
rajani.dube@rakmhsu.ac.ae (R.D.)
* Correspondence: noor.23901063@rakmhsu.ac.ae (N.S.A.); subhranshu.kar@rakmhsu.ac.ae (S.S.K.);

Tel.: +971-50-905-8945 (N.S.A.)

Highlights

What are the main findings?

• This review synthesizes the short- and long-term patient and graft survival rates
in pediatric kidney transplantation, establishing it as the optimal intervention for
end-stage renal disease.

• The analysis maps a multi-dimensional spectrum of post-transplant outcomes, pin-
pointing critical clinical, surgical, and immunological determinants that accelerate
graft dysfunction.

What is the implication of the main finding?

• Identifying specific transplant-related risk factors provides clinicians with actionable
insights to anticipate and mitigate early and late-stage graft failure.

• These findings help bridge current literature gaps, guiding the optimization of sur-
gical strategies and tailored post-operative protocols to improve long-term pediatric
graft longevity.

Abstract

Background/Objectives: Kidney transplantation is the most effective treatment for pedi-
atric patients with end-stage renal disease (ESRD), offering superior survival rates and
quality of life compared to dialysis. However, long-term graft survival remains a complex
clinical and surgical challenge. This systematic review aims to evaluate short- and long-
term graft outcomes and comprehensively analyze the primary clinical, immunological,
and procedural risk factors driving pediatric graft failure. Methods: A comprehensive
search was conducted across the PubMed database, yielding 289 initial records. Follow-
ing duplicate removal and systematic title and abstract screening, 108 full-text articles
were evaluated for eligibility. Ultimately, 35 high-quality studies met the full inclusion
criteria and were selected for final data synthesis and analysis. Results: Synthesized data
revealed high short-term outcomes, with a 1-year graft survival rate of 94.60%. However,
survival experienced a steady decline over time, dropping to 59.50% at the 10-year mark.
Acute rejection episodes and delayed graft function (DGF) were identified as the primary
immunological primary risk factors. Furthermore, specific donor characteristics, early
surgical complications (such as vascular thrombosis), post-transplant infections affecting
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nearly 45% of patients, and adolescent non-adherence to immunosuppressive regimens
were heavily associated with accelerated graft failure. Conclusions: While short-term
success in pediatric kidney transplantation is highly encouraging, long-term graft longevity
requires targeted clinical interventions. Optimizing outcomes necessitates precise, lifelong
management strategies specifically focused on mitigating chronic rejection, preventing
post-operative infections, and implementing multidisciplinary support systems to enhance
patient adherence to immunosuppressive therapy.

Keywords: kidney transplantation; pediatric; systematic review; graft survival; end-stage
renal disease

1. Introduction
Kidney transplantation is widely recognized as the definitive and most effective thera-

peutic strategy for children suffering from end-stage renal disease (ESRD) [1,2]. Compared
with long-term dialysis, successful kidney transplantation provides significantly better
patient survival, while markedly improving growth, pubertal development, psychosocial
well-being, educational achievement, and overall quality of life [1]. Recent long-term cohort
studies have further confirmed these benefits, demonstrating excellent patient survival,
sustained graft function, improved physical development, and favorable long-term social
outcomes among pediatric kidney transplant recipients, particularly when optimal graft
function is maintained and transplantation is performed early in childhood [3]. Over the
past several decades, continuous advances in microsurgical techniques, donor selection,
individualized immunosuppressive regimens, and comprehensive postoperative monitor-
ing have substantially improved early graft and patient survival, making pediatric kidney
transplantation the standard of care for children with ESRD [4,5].

Despite these remarkable advances, pediatric kidney transplantation remains a highly
complex clinical challenge because long-term graft survival is influenced by numerous
immunological, surgical, behavioral, and recipient-related factors (Figure 1) [6,7]. Figure 1.
Schematic representation of multi-factorial determinants influencing long-term pediatric
kidney graft survival, categorized into immunological, surgical, behavioral, and recipient-
related domains. Children generally exhibit a more vigorous immune response than adults,
increasing their susceptibility to acute rejection and chronic graft injury [8,9]. Recent large-
scale analyses have identified recipient age, donor age, obesity, and a high degree of human
leukocyte antigen (HLA) mismatch as independent predictors of acute rejection, highlight-
ing the need for individualized immunosuppressive strategies and careful donor–recipient
matching to improve long-term graft outcomes [8]. Likewise, delayed graft function has
recently been shown to independently predict inferior graft and patient survival, even after
adjustment for multiple donor and recipient risk factors, emphasizing the importance of
minimizing perioperative injury and optimizing early graft performance [10]. Furthermore,
recent evidence suggests that although preemptive kidney transplantation is increasingly
performed at higher estimated glomerular filtration rate (eGFR) levels, earlier transplanta-
tion alone does not necessarily improve long-term graft or patient survival, indicating that
multiple clinical variables beyond transplant timing determine long-term outcomes [11].

Long-term transplant success also depends heavily on standard lifelong follow-up
after surgery. Pediatric recipients remain vulnerable to infectious complications, medica-
tion nonadherence, metabolic disorders, hypertension, donor-specific antibodies, recurrent
primary kidney disease, and chronic allograft dysfunction, all of which contribute to pro-
gressive graft deterioration over time [6,12]. Recent reports have demonstrated that acute
graft rejection continues to represent one of the greatest threats to graft survival, with
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donor-specific antibodies and HLA-DR mismatching serving as major independent predic-
tors of rejection, while viral infections such as Epstein–Barr virus (EBV), cytomegalovirus
(CMV), and BK virus remain frequent post-transplant complications requiring continuous
surveillance [13]. Moreover, adolescence represents a particularly vulnerable period be-
cause medication nonadherence during the transition from pediatric to adult nephrology
services substantially increases the risk of graft rejection and graft loss. Contemporary
evidence emphasizes that structured transition programs, multidisciplinary care, adherence
monitoring, and patient education are essential to improve long-term outcomes during this
critical phase [14,15].

 

Figure 1. Schematic diagram of long-term graft survival determinants.

Although numerous studies have investigated pediatric kidney transplantation, sub-
stantial variability remains across transplant centers regarding patient survival, graft
longevity, and the clinical factors associated with transplant success [16,17]. These differ-
ences likely reflect variations in donor characteristics, recipient demographics, immunosup-
pressive protocols, perioperative management, and long-term follow-up practices [18,19].
Recent multicenter cohort studies further confirm that pediatric kidney transplant out-
comes are determined by a complex interaction of immunological, surgical, behavioral,
and clinical factors, rather than by a single determinant, reinforcing the importance of
individualized patient management throughout childhood and adolescence [20].

Consequently, this systematic review was designed to synthesize the available global
evidence regarding pediatric kidney transplantation outcomes. By integrating findings
from recent cohort studies, registry analyses, and contemporary clinical investigations,
this review aims to identify the principal immunological, surgical, recipient-related, and
behavioral determinants of graft survival while providing a comprehensive overview of
the factors that influence long-term patient and graft outcomes. Ultimately, this review
seeks to support evidence-based strategies that optimize transplant care, prolong graft
longevity, and improve the lifelong health and quality of life of pediatric kidney transplant
recipients. While previous reviews have broadly addressed pediatric renal transplanta-
tion, this systematic review provides an updated, multi-dimensional synthesis specifically
focusing on contemporary 2010–2025 cohort outcomes, long-term multi-factorial graft
failure determinants, and the critical clinical-behavioral transition challenges faced by
adolescent recipients.
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2. Methods
A comprehensive and systematic literature search was conducted using the PubMed

database to identify relevant studies evaluating clinical outcomes in pediatric kidney
transplantation. The search strategy was restricted to articles published between 2010 and
2025, utilizing targeted keywords and Medical Subject Headings (MeSH) terms related to
“pediatric kidney transplantation,” “graft survival,” “patient survival,” and “transplant
outcomes” to ensure a thorough retrieval of potentially eligible literature.

This systematic review was conducted in strict accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The
review protocol was prospectively registered with the International Prospective Register of
Systematic Reviews (PROSPERO) under the registration number CRD420261439976.

The selection process followed a systematic, multi-stage screening approach. Initially,
the titles and abstracts of all captured records were independently screened to filter out
duplicates and assess their broad relevance to our core research questions. Studies meeting
our foundational eligibility criteria advanced to the next stage. Subsequently, a systematic
full-text review was performed on the remaining articles to definitively judge their suitabil-
ity, focusing on study design, patient population, and the clarity of reported graft outcomes.
Ultimately, only high-quality studies that strictly satisfied our predefined inclusion and
exclusion criteria were preserved for final data synthesis. The entire study selection and
screening process is comprehensively detailed in the accompanying PRISMA flow diagram
(Figure 2).

Figure 2. PRISMA 2020 flow diagram of the study identification, screening, and selection process.

2.1. Search Strategy

To identify potentially relevant literature, we executed a systematic search across the
PubMed database using targeted combinations of medical terminology. The core keywords
included: “pediatric kidney transplantation,” “renal transplantation in children,” “graft
survival,” “patient survival,” and “transplant outcomes.” To refine the search and capture
the most comprehensive set of records, these terms were structurally combined using
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the Boolean operators AND and OR, (e.g., “pediatric kidney transplantation” OR “renal
transplantation in children” AND “graft survival”).

This approach was tailored specifically to isolate clinical trials, cohort studies, and
observational data focusing on pediatric transplant recipients. The resulting records were
then standard cataloged and moved to the multi-stage screening process to align directly
with the primary objectives of this systematic review.

2.2. Inclusion Criteria

Studies were selected and deemed eligible for final analysis if they strictly fulfilled the
following criteria:

• Target population: Studies explicitly involving pediatric patients under the age of 18
who had undergone kidney transplantation.

• Outcome measures: Studies reporting definitive clinical endpoints, specifically in-
cluding graft survival rates, patient survival rates, or immediate post-transplant
complication outcomes.

• Temporal frame: Original research articles published within a 15-year window be-
tween January 2010 and December 2025, capturing modern immunosuppressive and
surgical eras.

• Language and accessibility: Peer-reviewed studies fully available in the English lan-
guage, with accessible abstract and full-text formats.

2.3. Exclusion Criteria

Studies were excluded from this systematic review if they met any of the following
non-eligibility conditions:

• Ineligible populations: Research focusing exclusively on adult transplant recipients,
or mixed-cohort studies where pediatric data could not be independently extracted.

• Methodological and publication types: Secondary literature, including review articles,
systematic reviews, meta-analyses, and editorials, as well as descriptive single-patient
case reports or very limited case series.

• Linguistic barriers: Studies where the full text was not published or available in the
English language.

• Irrelevant outcomes: Studies that completely lack definitive data on clinical transplant
endpoints, specifically failing to report on graft survival, patient survival, or post-
operative functional outcomes.

2.4. Study Selection

The initial search of the PubMed database identified 289 records related to pediatric
kidney transplantation outcomes. After removing 36 duplicate records, 253 studies re-
mained for title and abstract screening. During this stage, 145 articles were excluded
because they did not meet the predefined inclusion criteria or were not relevant to the
research question. A total of 108 full-text articles were then assessed for eligibility. Each
study was carefully reviewed to determine whether it met the inclusion criteria for this
systematic review. After the full-text assessment, 73 articles were excluded for the following
reasons: studies involving only adult populations (n = 5), absence of specific quantitative
transplant outcome data (n = 23), narrative reviews, editorials, or opinions (n = 28), case
reports or very small case series (n = 12), and non-English publications (n = 5). Finally,
35 high-quality studies met all inclusion criteria and were included in this systematic review
as detailed in the PRISMA flow diagram (Figure 2). The methodological quality of the
included cohort studies is summarized in Table 1, while the synthesized clinical outcomes
and complication rates are presented in Table 2.
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Table 1. Illustrative Summary of JBI Quality Appraisal for Selected Cohort Studies.

Overall Appraisal Sample Size Data Source Study Design Author (Year)

High quality 3010 NAPRTCS registry Retrospective cohort Koh et al. (2019) [21]

High quality 7785 UNOS database Registry cohort Anand et al. (2021) [22]

High quality 6480 SRTR database Registry cohort Hwang et al. (2023) [23]

Note: Quality appraisal was conducted using the Joanna Briggs Institute (JBI) Critical Appraisal
Checklist for Cohort Studies.

Table 2. Summarizes the synthesized clinical outcomes and complication rates.

Outcome
Domain

No. of
Studies References Total Sample

Size (n) Range (%) Pooled
Estimate

95% CI
(Approx.) Interpretation

1-Year graft survival 4 [16,24–26] 736 91–97% 94.60% 92.8–96.2% Excellent short-term
survival

5-Year graft survival 5 [16,24–27] 900 84–93% 88.20% 85.5–90.5% Stable medium-term
outcomes

10-Year graft survival 3 [25,28,29] 571 53–65% 59.50% 55.0–64.0% Significant long-term
decline

Delayed graft function
(DGF) 3 [10,23,30] 1200+ 10–30% 20% 17–23% Strong predictor of graft

loss

Acute rejection 3 [21,31,32] 800+ 10–40% 25% 20–30% Major immunologic
factor

Infection rates 3 [33–35] 600+ 20–70% 45% 35–55% Common complication

Vascular complications 3 [36–38] 500+ 5–8.5% 6.8% 5–8% Early graft loss risk

Metabolic complications 3 [39–41] 700+ 10–30% 20% 15–25% Long-term dysfunction
contributor

The pooled estimates demonstrate excellent short-term graft survival, with a 1-year
survival rate of 94.60% (95% CI: 92.8–96.2%). Although medium-term outcomes remain
stable at 5 years (88.20%), a significant long-term decline is observed by year 10, where graft
survival drops to 59.50% (95% CI: 55.0–64.0%). In terms of post-operative complications,
infections were the most common non-immunological event, affecting approximately 45%
of patients. Immunological and functional challenges were also prominent, with acute
rejection and delayed graft function (DGF) reported at pooled estimates of 25% and 20%,
respectively. Conversely, vascular complications were less frequent (6.8%) but represent a
critical risk factor for early graft loss.

2.5. Characteristics of Included Studies

The 35 studies compiled in this systematic review spanned a diverse geographical
range, reflecting global practices and outcomes in pediatric kidney transplantation. The
patient cohorts and sample sizes varied substantially across the literature—ranging from
focused, single-center retrospective reviews to massive, multi-center registry analyses.
Despite this structural diversity, the vast majority of these studies consistently tracked core
clinical endpoints, centering primarily on chronological graft survival, patient survival
rates, and the incidence of post-transplant complications.

2.6. Summary of Graft Survival Findings

A cross-examination of the gathered evidence reveals a highly encouraging trend
in early post-transplant outcomes. Overall, the literature points to high short-term graft
survival, with the highest success rates concentrated within the immediate years following
surgery [16,26]. The data demonstrate that when modern, standard surgical techniques
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are paired with proactive, standard postoperative monitoring, early graft outcomes are
overwhelmingly positive [25,36].

However, maintaining this success over the long term remains a far more volatile
challenge, heavily dictated by an intricate mix of clinical variables. Both delayed graft
function (DGF) and early acute rejection episodes were universally flagged across the stud-
ies as the most aggressive and reliable predictors of premature graft loss [10,23,30,42–44].
Furthermore, donor-specific variables introduce another layer of complexity; the type of
donor (living versus deceased) and extreme donor age caps (very young or older donors)
were shown to significantly sway the trajectory of graft longevity [18,45,46].

Recipient-specific characteristics and behaviors also heavily shape long-term survival
curves. Several long-term follow-up studies noted a troubling trend: older adolescents
and young adults exhibit notably higher rates of graft failure compared to their younger
pediatric counterparts [6,47]. This vulnerability in older pediatric cohorts is frequently
driven by behavioral hurdles—most notably a documented drop in adherence to daily
immunosuppressive regimens [6,12]. Additionally, non-immunological complications, with
post-transplant bacterial and viral infections leading the charge, were heavily implicated in
triggering chronic graft dysfunction and subsequent failure [34,48,49].

In summary, while the contemporary literature confirms that pediatric kidney trans-
plantation yields outstanding immediate and short-term graft survival, securing these
organs for the future is highly dependent on mitigating donor–recipient mismatches, man-
aging early functional delays, and supporting young patients through their long-term
therapeutic journeys (Table 3).

Table 3. Graft Survival Outcomes in Pediatric Kidney Transplantation.

Author and Year
[Reference
Number]

Country Study Design Data Source/Setting Sample Size Graft Survival Outcome

Hwang et al., 2023 [23] United States Retrospective
cohort study

Scientific registry of
transplant recipients (SRTR)

database

6480 pediatric living donor
kidney transplant recipients

Delayed graft function was
associated with poorer graft

survival compared with
transplants without delayed

graft function

Amaral et al., 2016 [1] United States Retrospective
cohort study USRDS registry data 7527 pediatric kidney

transplant recipients

Pre-emptive transplantation
improved graft survival

compared with dialysis first.

Beetz et al., 2021 [25] Germany Retrospective
cohort study

Medical and surgical records
review

221 pediatric kidney
transplant recipients

Graft survival was 97.1%
(1 year), 88.9% (5 years), 65.1%

(10 years).

Nehus et al., 2017 [31] United States Retrospective
cohort study

Organ Procurement and
Transplantation Network

(OPTN) database

3248 pediatric kidney
transplant recipients

Five-year graft survival was
slightly higher with steroid

avoidance therapy
(84.8% vs. 81.2%).

Wasik et al., 2019 [18] United States Retrospective
cohort study

Scientific Registry of
Transplant Recipients

(SRTR)/(OPTN) database

7155 pediatric kidney
transplant recipients

Donor characteristics
summarized by the pediatric
living kidney donor profile
index (P-LKDPI), including

factors such as donor age, HLA
mismatch, and donor kidney

function, were associated with
graft survival.

White et al., 2024 [46] United States Retrospective
cohort study

National transplant registry
data (OPTN/ SRTR)

25,486 kidney transplants
(225 en-bloc)

One-year graft survival was 96%
for larger pediatric donors and

80% for the smallest donors.

Pérez- Bertólez et al.,
2017
[50]

Spain
Retrospective
single-center
cohort study

Single-center chart review 91 pediatric kidney
transplant recipients

Living donor graft survival was
96.7% vs. 88% in deceased

donor transplantation.

2.7. Risk Factors for Graft Failure

Synthesizing the data across the included studies underscores that pediatric graft
survival is rarely dictated by a single variable. Instead, graft failure is driven by a multi-
faceted interplay of clinical hurdles. These primary risk factors can be broadly organized
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into five critical domains: immunological challenges, donor-specific characteristics, early
post-transplant graft function, clinical or surgical complications, and behavioral factors
(Table 4).

Table 4. Risk Factors for Graft Failure in Pediatric Kidney Transplantation.

Author and Year
[Reference
Number]

Country/Region Study Design Data Source/Setting Sample Size Key Findings

Koh L.J. et al., (2019)
[21] North America Retrospective registry

cohort (2002–2016)
Registry-based data

(NAPRTCS)

3010 total;
455 pediatric

recipients with
FSGS

5-year graft survival for FSGS was
74.3% vs. 87.1% for other glomerular

diseases. Delayed graft function (DGF) was
the strongest independent predictor of graft
loss (HR 4.39). Living donors did not confer
a survival advantage. Immunosuppression

type was not associated with outcome.

Anand A. et al.,
(2021)
[22]

USA
Retrospective registry

cohort (UNOS database,
1998–2008)

Registry-based data
from solid organ

transplant database
(UNOS)

7785 pediatric
kidney transplant

recipients

Long-term (10-year) graft survival varied by
recipient age; older pediatric age groups had
progressively worse graft survival. While
acute rejection per se was not the primary

focus in this abstract, demographic
factors—including age and ethnicity—were

identified as significant risk factors for
decreased long-term graft survival.

Kaboré R. et al.,
[51] France

Retrospective cohort
with dynamic prediction

modeling (transplants
2002–2013)

Registry-based data
(REIN registry)

793 pediatric kidney
transplant
recipients

Dynamic prediction models that
incorporated post-transplant eGFR

trajectory (longitudinal graft function)
strongly improved prediction of future graft
failure compared with baseline predictors
alone (joint models AUC 0.83–0.91 vs. Cox

model 0.56–0.64). Accounting for
longitudinal graft function markedly

increased accuracy in identifying patients at
risk of graft failure.

Gorchs R. et al.,
(2025)

[8]
USA

Retrospective registry
cohort (UNOS data,

2005–2022)

Registry-based data
(UNOS)

10,126 pediatric
kidney transplant

recipients

Identified significant risk factors for acute
rejection in first year post-transplant,

including younger donor age ≤10 years,
high BMI, high HLA mismatch, and

recipient age 15–18 years. Protective factors
included male sex and recipient 5–10 years.
Acute rejection remains an important event
that clinicians should address to optimize

immunosuppression.

Kostakis I.D. et al.,
(2023)
[52]

USA Retrospective UNOS
registry cohort

Registry database
(UNOS)

14,322 pediatric
kidney transplants

Donor–recipient size mismatch did not
significantly affect delayed graft function

(DGF) or primary non-function rates.
However, graft survival was significantly

higher when donor size relative to recipient
body surface area (BSAi) was >2, suggesting

a protective effect of larger donor size on
long-term survival.

Trnka P. et al., (2018)
[19]

Australia/New
Zealand

Retrospective registry
cohort (ANZDATA,

1990–2015)
Registrybased data

1134 pediatric
kidney transplant

recipients

Higher donor/recipient age difference and
greater HLA mismatch were significantly
associated with decreased long-term graft

survival. Graft survival at 1, 5, 10, and
15 years was 93.8%, 82.5%, 65.8%, and 49.9%,

respectively, with worse outcomes for
deceased donors compared with living

donors. Increasing donor/recipient age gap
(aHR per 10 yr) and each additional HLA

mismatch independently predicted
graft loss.

Hogan J. et al.,
(2023)
[53]

Not specified

Retrospective
international

observational cohort
(20 centers)

Registry/clinical biopsy
and lab data

706 pediatric kidney
transplant

recipients evaluated

Validated the iBox predictive system for
long-term graft failure in children. The

model predicted outcomes up to 10 years
with strong discrimination (Cindex 0.81)
and good calibration across centers. The

iBox performed similarly in pediatric
recipients as in adult cohorts, supporting its

use for risk stratification and monitoring

2.8. Immunologic Factors

Immunological complications remain among the most formidable barriers to sustained
graft survival in children. A major challenge post-transplantation is the recurrence of
primary glomerular diseases. Specifically, focal segmental glomerulosclerosis (FSGS)—
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which represents a heterogeneous histological pattern of injury resulting from diverse
primary immunologic, genetic, or circulating podocyte-toxic mechanisms—was consistently
identified as a prominent risk factor for post-transplant recurrence and premature graft
failure [21,54]. Alongside disease recurrence, acute rejection episodes stand out as powerful,
direct predictors of abbreviated long-term graft survival [8,39,42]. The literature emphasizes
that a single past episode of acute rejection can set off a domino effect, leading to progressive
chronic rejection, accelerated tissue injury, and eventual allograft failure if not aggressively
managed with optimized induction protocols, secondary immunosuppression, and steroid-
sparing strategies [55–60]. Furthermore, specialized immunologic barriers such as ABO-
incompatible transplantation require rigorous desensitization and immunoadsorption
protocols to prevent acute humoral injury [61].

2.9. Donor-Related Factors

The structural and genetic baseline of the donated organ heavily dictates how well
it adapts to a young recipient. Key donor-related determinants influencing survival out-
comes include extreme donor age (with very young deceased donors and acute kidney
injury donors presenting unique technical challenges), deceased versus living donor status,
and human leukocyte antigen (HLA) mismatching [19,45,62,63]. In contrast, preemptive
transplantation strategies—particularly in very young pediatric cohorts—yield substan-
tial graft and patient survival advantages [1,64]. Technical innovations, such as en-bloc
transplantation from very small pediatric deceased donors, have also demonstrated vi-
able long-term graft longevity despite increased surgical complexity [46,65]. Furthermore,
structural donor–recipient size mismatches—such as a low donor-to-recipient body weight
ratio—were shown to compromise long-term graft hemodynamics [52,66,67]. Interestingly,
some studies noted that broader macro-level variables, including institutional organ alloca-
tion policies and distribution systems, also indirectly shape pediatric transplant success
rates by altering ischemic times [68,69].

2.10. Early Post-Transplant Graft Function

The immediate performance of the kidney in the operating room and early post-
operative days serves as a critical indicator for its long-term survival. Both delayed
graft function (DGF) and slow graft function are heavily implicated in poorer long-term
outcomes and a heightened risk of graft loss [23,43,70]. These early functional delays
typically mirror underlying ischemia–reperfusion injuries, perioperative complications,
and non-immunologic allograft injury that blunt the organ’s initial performance, leaving it
more vulnerable to subsequent graft failure [10,33,71].

2.11. Clinical and Surgical Complications

Beyond immunity, a child’s graft must withstand various anatomical and systemic
stressors. Systemic clinical conditions such as chronic post-transplant hypertension and
medication-induced nephrotoxicity (often from calcineurin inhibitors) can trigger a slow,
progressive decline in graft function over time [6,72,73]. On the surgical front, early
vascular complications—most notably renal vein thrombosis and renal artery stenosis—are
acute, catastrophic events that frequently culminate in immediate graft loss if surgical
intervention fails [25,36,37]. Additionally, early intra-abdominal surgical complications
and post-operative urological anomalies (such as ureteral obstructions) present significant
structural threats to early graft integrity [24,38,74].

2.12. Recipient-Related and Behavioral Factors

The intrinsic characteristics and developmental stages of the young recipient signif-
icantly impact the life of the allograft. A distinct and troubling trend highlighted across
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the literature is that graft failure rates climb sharply as children transition into adolescence
and early adulthood [6,47]. This specific developmental window introduces immense
psychological and behavioral hurdles, most notably a documented drop in adherence to
daily medication routines [14,75]. Consequently, clinical non-adherence to immunosup-
pressive regimens emerged as one of the most critical behavioral drivers behind late acute
rejection, progressive graft dysfunction, and preventable organ loss in this vulnerable age
group [6,12] (Table 5).

Table 5. Summary of Recipient Characteristics and Adherence-Related Risk Factors in Pediatric
Kidney Transplantation.

Author and Year
[Reference #] Country Study Design Data

Source/Setting Sample Size Key Findings

Lentine et al., 2025
[69] USA National report Data analysis 28,142

Five-year graft survival
ranged from 86% to 93%

depending on donor type.

Nunez et al., 2025
[76] USA Retrospective cohort Medical records 283

Immigration status did
not significantly affect

graft survival.

Aoki et al., 2022
[77] Japan Retrospective cohort Clinical follow up 375

Post-transplant
malignancy occurred in

5.6% of recipients.

2.13. Infection-Related Factors

Post-transplant infectious complications act as a continuous double-edged sword,
threatening the graft both through direct tissue damage and by triggering host alloimmu-
nity. Chronic viral infections, particularly BK polyomavirus and cytomegalovirus (CMV),
are frequently encountered in pediatric recipients and are heavily implicated in driving
nephropathy and subsequent graft dysfunction [35,78,79]. Systemic respiratory and viral
outbreaks, including COVID-19 infection in pediatric transplant recipients, have also posed
notable clinical risks requiring temporary adjustments in immunosuppression [80]. Fur-
thermore, the onset of opportunistic bacterial or fungal infections during intense periods
of immunosuppression not only results in high hospitalization rates but also strongly
correlates with subsequent rejection episodes and compromised long-term transplant
outcomes [34,48,49].

2.14. Other Clinical Predictors

Beyond mainstream immunological and surgical variables, several secondary clinical
baselines further refine long-term survival predictions. Longitudinal trajectories of allograft
function provide essential insights into progressive chronic damage [81]. Recipient obesity
and pre-existing metabolic syndromes create unfavorable hemodynamics that accelerate
graft aging [39,40]. Similarly, children undergoing retransplantation face vastly superior
immunological and technical hurdles compared to primary transplant recipients [82]. Struc-
tural abnormalities, such as pre-existing urological anomalies or severe donor–recipient size
mismatches, also act as persistent threats that blunt both immediate functional recovery and
extended allograft survival [24,52,67]. Composite prognostic indicators and time-varying
determinants are increasingly utilized to map long-term graft failure trajectories across
diverse cohorts [83,84].

3. Post-Transplant Complications and Patient Outcomes
Evaluating post-transplant complications is essential to understanding the broader

picture of patient survival and long-term allograft vitality. The clinical journey of a pediatric
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transplant recipient is often complicated by a shifting landscape of metabolic disorders,
immunological events, chronic infections, malignancies, and cardiovascular stressors.

3.1. Metabolic Complications

Metabolic instability is a frequent consequence of long-term immunosuppression
and altered renal physiology. Chronic hyperuricemia stands out as a prevalent metabolic
complication in young recipients, demonstrating a strong correlation with a reduced esti-
mated glomerular filtration rate (eGFR) and a progressive decline in graft function over
time [40]. Similarly, the onset of post-transplant diabetes mellitus (PTDM) and severe carbo-
hydrate intolerance compromises metabolic homeostasis, creating a toxic environment that
significantly elevates the risk of graft dysfunction and aggressive rejection episodes [41].

3.2. Immunologic Complications

Immunological vigilance remains critical long after the immediate post-operative
phase. Beyond classic acute cellular rejection, the insidious development of de novo
donor-specific antibodies (DSAs) and subsequent antibody-mediated rejection (AMR)
present persistent threats to tissue integrity [57,58]. Surveillance biopsies have also ex-
posed subclinical inflammation phenotypes, which act as early, silent precursors to chronic
graft deterioration [85]. Furthermore, recent insights highlight that non-HLA antibodies—
specifically those targeting G protein-coupled receptors—act as powerful alternative im-
mune mechanisms that trigger vascular injury and accelerate graft loss [86,87].

3.3. Infectious Complications

Maintaining a mandatory therapeutic balance of immunosuppression inherently
leaves pediatric patients vulnerable to life-threatening pathogens. Viral reactivation is
highly common, with Epstein–Barr virus (EBV), cytomegalovirus (CMV), BK polyomavirus
(BKPyV), and severe gastrointestinal viral pathogens such as norovirus driving a significant
proportion of post-transplant morbidity and chronic dysfunction [35,78,88,89]. Managing
these viral challenges primarily hinges on the judicious reduction or modification of base-
line immunosuppressive regimens to enable host clearance while avoiding acute rejection.
Target-specific pharmacotherapies are crucial: intravenous ganciclovir or oral valganci-
clovir serves as the cornerstone for CMV prophylaxis and preemptive therapy, whereas
BKPyV nephropathy requires step-down immunosuppression, occasionally augmented by
adjuvant agents like IVIG or cidofovir in severe refractory cases. For opportunistic bacterial
and fungal pathogens, empirical or culture-guided systemic antimicrobial therapy (such
as trimethoprim-sulfamethoxazole for Pneumocystis jirovecii prophylaxis and flucona-
zole or echinocandins for severe fungal infections) combined with close therapeutic drug
monitoring (TDM) is routinely executed to prevent graft-threatening systemic toxicity.

3.4. Malignancies

Though oncological events remain statistically less frequent in children than in
adults, the cumulative impact of long-term immunosuppressive regimens means pedi-
atric kidney transplant recipients face a significantly higher cancer risk compared to the
general population [90–92]. Pre-transplant malignancy history and post-transplant de
novo oncogenesis require rigorous lifelong oncological surveillance. Post-transplant
lymphoproliferative disorder (PTLD) is the most prominent and frequently documented
malignancy in this cohort, heavily driven by primary or reactivated EBV infections
under intense immune suppression [93–95]. Therapeutic strategies for PTLD primar-
ily begin with the prompt reduction or withdrawal of baseline immunosuppression
to allow host T-cell immune reconstitution. In cases of CD20-positive B-cell PTLD,
targeted immunotherapy using the anti-CD20 monoclonal antibody rituximab serves
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as first-line treatment, often combined with low-dose chemotherapy regimens (e.g.,
CHOP-like protocols) or adoptive EBV-specific cytotoxic T-cell therapy for refractory or
aggressive lesions.

3.5. Cardiovascular Risk Factors and Patient Survival

Systemic cardiovascular stressors heavily influence the lifespan of both the patient and
the organ. Chronic post-transplant hypertension is highly prevalent in pediatric cohorts,
serving as a silent driver of vascular remodeling, cardiovascular complications, and chronic
allograft nephropathy [6,73].

Despite this daunting array of potential complications, contemporary literature de-
livers an overwhelmingly reassuring message regarding overall patient survival. Driven
by decades of iterative refinements in fine-scale surgical techniques, steroid-avoidance or
minimization protocols, and proactive multidisciplinary care, 1-year patient survival rates
consistently exceed 95% [12,31,96,97]. Ultimately, while pediatric kidney transplantation
offers an unparalleled bridge to superior survival and a restored quality of life, maximizing
these benefits requires lifelong, standard surveillance to intercept complications early and
protect the child’s long-term health [4,6,12] (Table 6).

Table 6. Post-transplant complications and patient outcomes.

Author & Year
[Reference #] Country Study Design Data

Source/Setting Sample Size Key Findings

Benfield et al., 2010
[98] USA & Mexico

Randomized
double-blind,

placebo-controlled trial

Clinical
assessment 274

Steroid withdrawal
showed similar

rejection rates and a
higher 3-year graft
survival compared

with steroid
maintenance.

Ruck et al., 2019
[63] USA National registry study HLA typing 7497

Higher HLA mismatch
was associated with a
significantly increased

risk of graft failure.

Hogan et al., 2023
[53] International Multicenter

observational
iBox predictive

model 706

The iBox score
effectively predicted

long-term graft
failure risk.

4. Discussion
This systematic review synthesizes current global evidence evaluating clinical out-

comes in pediatric kidney transplantation and uncovers the critical drivers behind allograft
failure. Broadly speaking, the compiled literature confirms that pediatric kidney transplan-
tation delivers outstanding short-term success, boasting high graft and patient survival
rates throughout the immediate post-operative years. However, maintaining this initial
success over an extended timeline remains a significant clinical challenge, as long-term graft
survival trajectories vary significantly and exhibit a steady, longitudinal decline over time.

A deeper dive into these survival curves reveals that graft failure is rarely driven
by an isolated event, but rather by an overlapping network of clinical and behavioral
stressors. Immunological hurdles remain among the most aggressive barriers to graft
longevity. Both acute rejection episodes and the post-transplant recurrence of the patient’s
primary renal pathology were universally flagged as powerful predictors of premature
organ loss. Specifically, diseases with a notorious propensity for recurrence, such as
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focal segmental glomerulosclerosis (FSGS), present a persistent clinical threat, frequently
triggering aggressive allograft dysfunction shortly after surgery.

Beyond baseline immunity, the immediate performance of the newly implanted kid-
ney functions serves as a critical predictor for its future viability. Suboptimal early graft
function—manifesting either slow graft function or overt delayed graft function (DGF)—
consistently correlates with inferior long-term survival curves and a heightened vulnerabil-
ity to subsequent failure. These findings emphasize that mitigating perioperative ischemic
injuries and securing strong initial graft perfusion are paramount to shielding the organ
from early functional blunting.

Donor-specific profiles and macro-level allocation strategies also exert a profound
structural influence on transplant outcomes. Baseline variables such as donor age, donor
type, human leukocyte antigen (HLA) matching, and institutional organ distribution poli-
cies all significantly shape the graft’s lifespan. Reassuringly, the literature heavily demon-
strates that living donor transplantation and preemptive transplantation strategies grant
children a substantial survival advantage, yielding vastly superior outcomes compared to
undergoing transplantation after enduring years of debilitating chronic dialysis.

In addition to genetic and surgical variables, the long-term health of the graft is
inextricably linked to behavioral patterns and systemic complications. The transition
through adolescence and early adulthood introduces immense psychological friction, and
medical non-adherence to daily immunosuppressive regimens stands out as a leading
behavioral driver of preventable chronic rejection and late graft failure in these young
patients. Furthermore, non-immunological complications—such as chronic post-transplant
hypertension, structural or vascular surgical anomalies, metabolic disorders like post-
transplant diabetes, and opportunistic bacterial or viral infections—introduce a continuous
barrage of stressors that can accelerate allograft degradation.

Despite the daunting reality of these multi-layered complications, contemporary
data delivers an overwhelmingly encouraging narrative. Driven by decades of iterative
refinements in fine-scale micro-surgical techniques, steroid-minimization protocols, and
sophisticated post-transplant monitoring, early patient and graft survival metrics have
reached historic highs.

Ultimately, kidney transplantation remains the undisputed gold standard of care for
children battling end-stage renal disease (ESRD), fundamentally restoring both their physi-
cal health and overall quality of life. Moving forward, securing these organs for the future
will depend heavily on our ability to optimize donor–recipient matching, refine targeted
immunosuppression, proactively curb infectious risks, and provide comprehensive, multi-
disciplinary support to help young patients navigate their lifelong therapeutic journeys.

5. Conclusions
Pediatric kidney transplantation remains the absolute gold standard of care for chil-

dren battling end-stage renal disease (ESRD), offering an unparalleled bridge to superior
survival rates and a fundamentally restored quality of life. However, securing these
life-changing benefits over an extended timeline is a continuous challenge, as long-term
graft survival remains highly sensitive to a complex network of clinical and behavioral
variables. Longevity is ultimately decided by how effectively clinicians can navigate im-
munological hurdles, mitigate donor–recipient mismatches, prevent early post-operative
functional delays, and manage critical patient-centered factors such as treatment adherence
and infectious risks. Moving forward, a commitment to systematic, lifelong monitoring
and a proactive, multidisciplinary approach to managing these interlocking risk factors is
paramount to extending allograft survival and safeguarding the long-term health of these
young recipients.
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