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Abstract !
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Background: The incidence and prevalence of advanced kidney failure among pediatric patients Email: dr.azam2011@gmail.
have increased recently. Kidney transplantation is the preferred treatment option for children com

with advanced kidney failure. This study aimed to investigate kidney transplantation outcomes
and survival rates in pediatric patients.

Methods: This cross-sectional descriptive study retrospectively reviewed the medical records
of pediatric patients under 18 years of age who underwent transplantation at Imam Khomeini
Hospital, Urmia, Iran, between 2001 and 2021 (20 years). Data were collected using a
standardized checklist, which included information on patient age, gender, dialysis type,
etiology of end-stage renal disease (ESRD), and prescribed medications. Data analysis was
conducted using SPSS version 21.

Results: Of the 93 pediatric kidney transplant recipients, 54 (58.1%) were male, and 39 (41.9%)
were female, with a mean age of 12.87+4.24 years. Urological complications were the most
common cause, affecting 40.9% of patients overall (44.4% of males and 35.9% of females).
Glomerulonephritis (28.0%) and hypertension (11.8%) were the next most common etiologies.
Living non-relatives (78 patients) served as the predominant source of donor kidneys (83.9%).
CellCept (87.0%) was the most frequently prescribed immunosuppressive medication. An
analysis of patient outcomes revealed a higher survival rate among males (59.5%) compared
to females (40.5%), with a balanced gender distribution among non-survivors (50% male, 50%
female). Overall patient survival rates were high throughout the study, with 94.63% surviving
the first year, 89.25% surviving three years, and 87.10% surviving five years. Cytomegalovirus
infection (10.7%), diabetes (6.4%), BK virus infection (3.2%), and malignancy (1.0%) were
observed at lower frequencies. The graft survival rate was 90.33% at one year, 83.88% at three
years, and 81.73% at five years.

Conclusion: Kidney transplantation remains the optimal treatment for ESRD, especially in
children, leading to improved survival and quality of life. Early detection of rare post-transplant
complications, along with strict adherence to treatment regimens, is critical for successful
outcomes.
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Background

Kidney transplantation is considered the gold standard
for treating end-stage renal disease (ESRD) in children,
despite the relatively low prevalence of ESRD in this
population (1, 2). This preference is evident in transplant
practices, with pediatric cases accounting for a small
proportion (approximately 4%) of all kidney transplants
performed in Europe (3). In Iran, the incidence of
pediatric chronic kidney disease is 16.8 per million, while
the rate of pediatric kidney transplantation is substantially
lower at 7.2 per million (4). Numerous studies have
documented the superiority of renal transplantation
over dialysis therapy in children, highlighting benefits
in overall survival, psychomotor development, social

integration, and quality of life (5).

The main objectives of pediatric kidneys include
providing renal replacement therapy, alleviating dialysis-
related morbidity, promoting linear growth, improving
overall survival, and enhancing quality of life (6).
Advances in immunosuppressive medications, refined
surgical techniques, and enhanced post-operative care
for pediatric patients have yielded excellent clinical
outcomes, including physical and mental development
comparable to healthy children (7). Despite these
successes, pediatric kidney transplantation presents
several unique challenges. A combination of factors,
including  co-morbidities,  technical difficulties,
immunological complexities, and psychosocial aspects,

© 2024 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.


https://hmj.hums.ac.ir
https://orcid.org/0009-0003-7178-2732
https://orcid.org/0000-0002-2251-3398
http://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.34172/hmj.8361&domain=pdf
https://doi.org/10.34172/hmj.8361
mailto:dr.azam2011@gmail.com
mailto:dr.azam2011@gmail.com

Jabrailian et al

distinguishes this patient population from adults
undergoing the procedure (8).

While pediatric kidney transplantation offers significant
benefits, it also presents unique challenges. Notably,
congenital urinary tract abnormalities account for at least
20% of ESRD cases in this population, presenting a distinct
hurdle (9). The limited abdominal space in children
further complicates surgical procedures, particularly
when performing vascular anastomosis with smaller
kidneys (10). Maintaining hemodynamic stability, fluid
balance, and medication regimens during transplantation
and the post-operative period adds further complexity
for pediatric patients (11). Despite these advancements,
many children will eventually require re-transplantation
due to graft loss (12). Furthermore, kidneys from living
donors generally exhibit superior long-term survival
rates compared to those from deceased donors (13).

An increasing number of individuals under 18 are
experiencing irreversible kidney failure, a concerning
trend highlighted by the limited research on pediatric
kidney transplantation outcomes (14). This study
endeavored to address this gap by investigating the
clinical results of kidney transplantation in this specific

age group.

Methods

This cross-sectional descriptive study, approved by
the Ethics Committee of Urmia University of Medical
Sciences (No. IR.UMSU.REC.1395.566), investigated
pediatric kidney transplantation outcomes. The study
retrospectively reviewed medical records of children
under 18 who underwent transplantation at Imam
Khomeini Hospital, Urmia, Iran, between 2001 and 2021
(18 years). A standardized checklist was used to collect
data on patient age, gender, type of dialysis, etiology of
ESRD, and prescribed medications (15). The primary
outcomes assessed were graft survival, defined as the
duration of transplanted kidney function and the absence
of the need for renal replacement therapy, and patient
survival post-transplantation. Patient confidentiality was
strictly maintained throughout the study.

The inclusion criteria consisted of women under 18
years old who had received a kidney transplant, had
body mass index (BMI) > 18.5 kg/m?, had post-transplant
survival, and were willing to sign the consent form.

Exclusion criteria included the use of hormones or
medications that could potentially influence study
outcomes within the past 2 months, acupuncture
treatment within the past 2 months, pregnancy within the
past 6 weeks, recent abortion, childbirth, or breastfeeding
(within the past 6 weeks), inability or unwillingness to
provide written consent, bariatric surgery within the past
12 months, or an ongoing period of rapid weight loss.

Statistical Analysis
Data were analyzed using SPSS software. Quantitative

data underwent descriptive analysis, with means and
standard deviations (SDs) calculated. Qualitative data
were presented using frequency tables and graphs. Chi-
square tests assessed group differences for qualitative
variables, while independent t-tests evaluated quantitative
variables between the groups. Kaplan-Meier survival
curves were generated to estimate one-year survival rates
for both kidneys and patients. Log-rank tests were used
to compare survival functions and associated patient
outcomes.

Results

Ninety-three pediatric kidney transplant recipients
under the age of 18 participated in this study. The sample
comprised 54 males (58.1%) and 39 females (41.9%).
The mean age of the patient was 12.87 years (SD =4.24),
ranging from 4 to 18 years. Statistical analysis revealed no
significant difference (P=0.12) in the mean age between
males (12.29 years, SD=4.54) and females (13.66 years,
SD =3.71). Further stratification identified three distinct
age groups: 4-8 years (17 patients, 18.3%), 9-13 years (36
patients, 38.7%), and 14-18 years (40 patients, 43.0%).
Table 1 presents the frequency and relative frequency
distribution of patient ages.

An analysis of the etiology of ESRD in the study
population (Table 2) revealed a diverse range of
contributing factors. Urological complications were the
most prevalent cause, affecting 40.9% of patients. This
was further reflected in the gender breakdown, with 44.4%
of males and 35.9% of females experiencing urological
issues as the primary cause of ESRD. Glomerulonephritis
(28.0%) and hypertension (11.8%) were the next most
common etiologies. Diabetes played a minor role (1.1%),
with only one female patient identified in this category.
Unidentified causes accounted for 18.27% of cases, with
a slightly higher prevalence in males (20.4%) than in
females (15.4%).

Living non-relatives were the predominant source of
kidney donations, accounting for 78 patients (83.9%) of
the total cohort, with a similar pattern observed across
genders (males: 87.0%, females: 79.5%), as illustrated in
Table 2. In contrast, deceased donor kidneys were used
less frequently, representing 8.6% of total donations,
with a higher proportion in females (15.4%) compared to
males (3.7%). Kidneys from living relatives were utilized
in a smaller proportion of cases (males: 9.3%, females:
5.1%), with no statistically significant difference detected

Table 1. Frequency and Relative Frequency of Age Groups Among the
Subjects

Age Frequency Relative Frequency
4-8 17 18.3%

9-13 36 38.7%
14-18 40 43%
Note. P=0.12
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Table 2. Relationship Between Gender, Causes of ESRD, and Source of Kidney Donation

Unknown Urological Glomerulonephritis Hypertension Diabetes Total
Male 11 (20.4%) 24 (44.4%) 13 (24.1%) 6 (11.1%) 0 (0.0%) 54 (100%)
Female 6 (15.4%) 14 (35.9%) 13 (33.3%) 5(12.8%) 1(2.6%) 39 (100%)
Total 17 (18.27%) 38 (40.9%) (28%)26 11 (11.8%) 1(1.1%) 93 (100%)

Relatives Non-relatives Cadaveric Transplants Total P Value -
Male 5(9.3%) 47 (87%) 2 (3.7%) 54 (100%) -
Female 2 (5.1%) 31 (79.5%) 6 (15.4%) 39 (100%) 0.11 -
Total 7 (7.5%) 78 (83.9%) 8 (8.6%) 93 (100%) -

Note. ESRD: End-stage renal disease.

between genders regarding the source of kidney donation
(P=0.11), as depicted in Table 2.

Before transplantation, hemodialysis was the most
common dialysis modality, employed by 67.7% (63
patients) of the participants. Peritoneal dialysis was utilized
in 15.1% (14 patients), while 17.2% (16 patients) did not
require dialysis before the transplant (Table 3). CellCept
(87.0%) emerged as the most frequently administered
immunosuppressive therapy, followed by steroids
(77.0%), cyclosporine (76.0%), rapamycin (21.0%), and
tacrolimus (8.0%), as illustrated in Table 3.

Post-transplantation complications were documented
in 73.11% (68 patients) of the population, with the
remaining 26.88% experiencing an uneventful course
(Table 3). Urinary tract infections (UTIs) (53.7%) were the
most prevalent complication, followed by hypertension
(47.31%). As seen in Table 3, less frequently observed
complications included cytomegalovirus infection
(10.7%), diabetes (6.4%), BK virus infection (3.2%), and
malignancy (1.0%).

Acute rejection episodes were identified in 32.2% (29
patients) of the study population, with a significantly
higher incidence among females (87.5%). Conversely,
68.8% of patients did not experience rejection. Surgical
complications were less common, affecting only a small
number of patients: lymphocele (1.1%), collection
complications (3.2%), and urine leaks (2.3%). Fortunately,
93.0% of patients were free from surgical complications
(Table 3).

An analysis of patient outcomes revealed a higher
survival rate among males (59.5%) compared to females
(40.5%). However, the gender distribution among non-
survivors was balanced (50% male, 50% female). Notably,
patient survival remained high throughout the study, with
94.63% surviving the first year, 89.25% surviving three
years, and 87.10% surviving five years (Table 4, Figure 1).
Similarly, the graft survival rates were impressive, with
90.33% of grafts functioning at one year, 83.88% at three
years, and 81.73% at five years (Table 4, Figure 1).

Discussion
ESRD signifies an irreversible loss of kidney function,
necessitating permanent reliance on alternative therapies,

Table 3. Frequency of Dialysis History, Medicine Intake, Type of
Complication, and Rejection Frequency in Studied Patients
Number Percent
Dialysis history
Hemodialysis 63 67.7
Peritoneal dialysis 14 15.1
Without dialysis 16 17.2
Total 93 100
Medicine
Cyclosporine + steroid + cellcept 53 57
Not using medicine 5 4.5
Cyclosporine +cellcept 3 23
Tacrolimus + CellCept + steroid 8 6.8
Cyclosporine + steroid + CellCept + Rapamune 12 9.12
Steroids 1 1.1
CellCept +steroid + Rapamune 9 7.9
CellCept+steroid 2 2.2
Type of complication
Urinary infection 50 53.76
Hypertension 44 47.31
CMV infection 10 10.75
Diabetes 6 6.45
BK Infection 3 3.22
Malignancy 1 1.07
Without complication 25 26.8
Post-operative complications
Lymphocele 1 1.1
Collection 3 3.2
Urine leakage + collection 2 2.2
Without complications 87 93.5
Acute rejection 29 32.2%
Male 15 27.8%
Female 14 87.5%
Table 4. Graft and Patient Survival Rates
One Year Three Years Five Years
Survival of the Graft 90.33% 83.88% 81.73%
Survival of Patients 94.63% 89.25% 87.10%
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Figure 1. The One, Two, and Three Years Survival of the Studied Patients

particularly in children (16, 17). Kidney transplantation is
among the most effective treatments for advanced kidney
disease (18). Advances in surgical expertise, pre-operative
and post-operative care, and immunosuppressive
therapy have all contributed to improved outcomes in
pediatric renal transplantation (19,20). While kidney
transplantation offers undeniable benefits, its application
in children requires specific considerations (1). This study
investigated the outcomes of kidney transplantation in a
pediatric patient population.

The study population comprised children aged 4 to 18
years, with a mean age of 12.87 years (SD*4.24). This
age range is consistent with the demographics reported
in previous studies, although the mean age observed
in the present study was slightly higher than in other
investigations: 10.9+3.7 years in the study by Rosati et
al (21) and 13.8+3.5 years in the study by Parada et al
(22). Shajari et al also documented a similar mean age of
13.71+3.65 years (20). It is well-established that recipient
age can influence graft survival, with younger patients
generally experiencing better outcomes (23). In the
United States, for instance, younger age emerged as a key
predictor of transplant success (23). Conversely, studies
in Spain suggest that the benefits of younger age might
be offset by an increased incidence of complications,
including venous thrombosis and higher rejection rates,
in patients over five years of age (24).

ESRD can arise from various factors, including
urological problems, glomerulonephritis, hypertension,
diabetes, and unidentified causes, as confirmed by prior
research (25). The findings of this study, which identify

urological complications (40.9%) and glomerulonephritis
(28.0%) as leading causes of ESRD, are consistent with
previous reports. Kazi et al identified kidney agenesis,
chronic glomerulonephritis, reflux nephropathy, and
unidentified factors as contributors to ESRD, with the
latter being the most common (26). Similarly, Parada
et al reported glomerulonephritis, tubulointerstitial
disease, congenital malformations, metabolic disorders
like diabetes, and hypertension as primary causes (22).
Jones and Anand’s findings further support this notion,
highlighting dysplasia, hypoplasia, obstructive uropathy,
glomerulonephritis, hereditary nephropathy, and
unidentified factors as prevalent etiologies (27).

Living-donor kidney transplantation holds historical
significance as the first successful human organ
transplant (28). Studies report varying ratios of living-
donor versus deceased-donor kidney utilization in
pediatric populations. Rosati et al documented 70 living-
donor transplants compared to 108 deceased-donor
procedures (21). Conversely, Allain-Launay et al reported
abreakdown of 14% of living-donor and 86% of deceased-
donor transplants (29). In contrast, this study, along with
research by Park et al (30), observed a contrasting trend
where living-donor kidney transplantation exceeded
deceased-donor procedures in pediatric patients.

Studies report variations in the prevalence of pre-
transplant dialysis modalities employed for pediatric
patients. Allain-Launay et al (29) found hemodialysis
to be the most common approach (62.4%), followed by
peritoneal dialysis (18.2%), with a distribution similar
to our study. This finding aligns with the concept of
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“prophylactic transplantation” (15.5%), which involves
performing transplantation before the need for dialysis
(29). However, Rosati et al (21) reported peritoneal
dialysis (48%) as more prevalent than hemodialysis (30%)
in their study population.

Kidney transplantation typically involves a multi-drug
immunosuppressive regimen targeting various pathways
to prevent organ rejection (31, 32). These agents fall
into five main categories: calcineurin inhibitors (CNIs),
mammalian target of rapamycin (mTOR) inhibitors,
anti-proliferatives, glucocorticosteroids, and biological
agents (31). Notably, immunosuppressive therapy should
be individualized for each patient to optimize outcomes
(31, 32). This study found a higher prevalence of CellCept
(mycophenolic acid) and Rapamycin (sirolimus) use,
compared to steroid and tacrolimus (another CNI),
which may differ from other studies. The selection of
the optimal immunosuppressive regimen necessitates
a patient-centered approach, considering factors such
as medication properties, potential side effects, drug
interactions, pre-existing conditions, rejection risk, and
current medications (33).

This study identified UTIs as the most prevalent
complication following kidney transplantation. While
advancements have been made in transplantation care,
post-transplant infections remain a significant cause of
death in transplant recipients (34). Factors contributing
to this risk include potent immunosuppression, surgical
intervention, and ongoing exposure to hospital-acquired
pathogens (35). The study also reported several post-
surgical complications such as lymphocele, hematoma,
and urinary leaks. Lymphoceles, fluid collections that
develop after surgery, typically occur within the first year
post-transplant, with incidence rates ranging from 0.6%
to 33.9%, depending on surgical technique, underlying
medical conditions, and post-transplant imaging practices
(36). However, only a subset of these lymphoceles are
symptomatic, with reported rates ranging from 0.03% to
26%, with an average of 5.2% (37). Prakash et al reported
similar surgical complication rates, with lymphocele
observed in 16.3% of patients, hematoma in 19.4%, and
urinary leaks in 4.3% (38).

This study reports patient survival rates of 94.6%,
89.27%, and 87.1% at one, three, and five years post-
transplant, respectively. Graft survival rates followed
a similar trend at 90.33%, 83.88%, and 81.73%. Shajari
et al (20) reported graft survival rates of 91%, 88%, and
81% at corresponding time points. Notably, their study
demonstrated a 100% one-year patient survival rate and
a 99% five-year rate (16). In contrast, Rosati et al (21)
reported superior survival outcomes for living-donor
recipients, with one-, three-, and five-year survival rates
of 98%. Additionally, an extensive study by Lee Jin Koh et
al (39) involving 3010 patients observed a five-year graft
survival rate of 87.1% for children with focal segmental

glomerulosclerosis (FSGS), compared to 74.3% for those
with other glomerular diseases (P=0.033). However, this
study did not find a statistically significant advantage for
living donors in the FSGS group (hazard ratio 1.51 for
deceased donors, P=0.12).

Research Limitations

This study encountered limitations, including incomplete
and illegible clinical records, missed clinic referrals for
some patients, and the unavailability of patient reference
numbers.

Conclusion

This study reinforces kidney transplantation as the
preferred treatment for ESRD, especially in children, due
to its positive impact on survival and quality of life. Early
detection of infrequent post-transplant complications and
adherence to treatment regimens are critical for success.
The high patient and graft survival rates suggest that our
protocols are effective and may serve as benchmarks
for other institutions. Furthermore, the dynamic nature
of a child’s developing immune system necessitates a
thorough understanding of transplant rejection risk
factors, particularly within the context of pediatric kidney
transplantation.
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