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ABSTRACT 
Background: Acute kidney injury (AKI) in children 
is a critical condition influenced by diverse factors, 
including surgery, critical illness, and nephrotoxin 
exposure. It affects up to 50% of pediatric ICU 
admissions and has significant mortality 
implications, especially post-heart surgery and in the 
presence of inotropes or ventilation. Methods: The 
study adhered to PRISMA 2020 standards, 
examining English literature from 2014 to 2024. 
Result: Initially retrieving 360 articles from online 
databases (PubMed, SagePub, SpringerLink and 
Google Scholar) eight relevant papers were selected 
after three rounds of screening for full-text analysis. 
Conclusion: Pediatric renal injury, including acute 
kidney injury (AKI) and its long-term implications, 
presents a significant clinical challenge across 
diverse settings. Recent studies highlight varying 
AKI incidences and outcomes, underscoring the need 
for effective management strategies and long-term 
renal surveillance to mitigate mortality and chronic 
kidney disease risks. 
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management, outcome 

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


Research Article                                                    Volume 02, Issue No. 01. 2024 
ISSN : 3048-104X 
 

2 
© The Indonesian Journal of General Medicine 

 

INTRODUCTION 
Renal trauma or Acute kidney 

injury (AKI) is a serious condition 
that can arise in children and 
adolescents due to a variety of factors. 
AKI can quickly develop into chronic 
renal disease and require dialysis if it 
is not identified and treated right 
once. AKI affects about 10% of 
children hospitalized to the critical 
care unit, which has a substantial 
effect on their mortality rates.1,2 

Awareness of the severity and 
frequency of AKI in children is 
growing. AKI occurs in babies and 
children 30% to 50% of the time after 
heart surgery, and in pediatric 
intensive care units (ICUs) 10% to 
35% of the time.3 For children who 
require inotropes or are ventilated, the 
danger is significantly higher. AKI is 
also frequently seen in hospital wards, 
particularly in children who are given 
aminoglycosides and many 
nephrotoxins while they are there.4 

A comprehensive retro-
spective research on neonates, the 
AWAKEN study comprised more 
than two thousand babies from four 
different nations. According to 
research done in 2017, AKI affected 
30% of babies in the neonatal ICU, 
with a higher frequency in very 
preterm babies. Even when 
confounding variables were taken 
into account, AKI in newborns was 
linked to higher mortality and longer 
hospital admissions.5,6 

After trauma, rhabdo-
myolysis, direct kidney damage, 
shock, and the use of nephrotoxic 
drugs in trauma care all raise the risk 
of AKI in both adults and children. 
Research indicates that children with 
AKI who have experienced trauma 
have a 3.6 times greater chance of 
dying. Nonetheless, there is a great 

deal of heterogeneity between 
research.7  

Between industrialized and 
developing nations, there are notable 
differences in the causes of AKI. AKI 
is frequently obtained in hospitals in 
developed areas and is linked to 
nephrotoxins, critical illnesses, 
surgery, transplants, and cancer. In 
contrast, the causes that are more 
prevalent in rural parts of poor 
countries are hemolytic uremic 
syndrome, sepsis, and dehydration.8,9 

Because serum creatinine 
(SCr) measurements, which do not 
always adequately reflect kidney 
function in unwell children, have 
been used to define AKI in children, 
this has historically been a challenge. 
Clinical studies have employed over 
thirty-five distinct definitions, which 
has resulted in a wide variety of 
reported epidemiology, morbidity, 
and death rates and made it difficult to 
compare data.10,11  

While numerous studies in the 
past two decades have provided 
acceptable findings on AKI following 
trauma in adults, the extent of the 
problem and its impact on mortality in 
children remain unclear.12 Thus, this 
systematic review aims to analyze 
current evidence on the prevalence, 
management and outcome of renal 
injury in pediatric patients based on 
literatures of the last 10 years. 

 
METHODS 

 
Protocol 

The author carefully followed 
the rules laid out in the Preferred 
Reporting Items for Systematic 
Review and Meta-Analysis 
(PRISMA) 2020. This was done to 
make sure the study met all its 
standards. The selection of this 
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methodological approach was 
specifically aimed at ensuring the 
precision and reliability of the 
conclusions drawn from the 
investigation. 
 
Criteria for Eligibility 

This systematic review 
investigate existing evidence on 
prevalence, management and 
outcome of renal injury in pediatric 
patients based on literatures of the last 
10 years. This study meticulously 
analyzed data on literatures to provide 
insights and enhance patient 
treatment strategies. The primary 
objective of this paper is to highlight 
the collective significance of the 
identified key points. 

Inclusion criteria for this 
study entail: 1) Papers must be in 
English, and 2) Papers must have 
been published between 2014 and 
2024. Exclusion criteria comprise: 1) 
Editorials; 2) Submissions without a 
DOI; 3) Previously published review 
articles; and 4) Duplicate entries in 
journals. 
 
Search Strategy 

The keywords used for this 
research are acute kidney injury, 
pediatric, outcome, management, 
prevalence. The Boolean MeSH 
keywords inputted on databases for 
this research are: Search: ((((acute 
kidney injury) AND (pediatric)) AND 
(outcome)) OR (management)) OR 
(prevalence) Filters: Clinical Trial, in 
the last 10 years ((("acute kidney 
injury"[MeSH Terms] OR 
("acute"[All Fields] AND 
"kidney"[All Fields] AND 
"injury"[All Fields]) OR "acute 
kidney injury"[All Fields]) AND 
("paediatrics"[All Fields] OR 
"pediatrics"[MeSH Terms] OR 
"pediatrics"[All Fields] OR 

"paediatric"[All Fields] OR 
"pediatric"[All Fields]) AND 
("outcome"[All Fields] OR 
"outcomes"[All Fields])) OR 
("manage"[All Fields] OR 
"managed"[All Fields] OR 
"management s"[All Fields] OR 
"managements"[All Fields] OR 
"manager"[All Fields] OR "manager 
s"[All Fields] OR "managers"[All 
Fields] OR "manages"[All Fields] 
OR "managing"[All Fields] OR 
"managment"[All Fields] OR 
"organization and 
administration"[MeSH Terms] OR 
("organization"[All Fields] AND 
"administration"[All Fields]) OR 
"organization and 
administration"[All Fields] OR 
"management"[All Fields] OR 
"disease management"[MeSH Terms] 
OR ("disease"[All Fields] AND 
"management"[All Fields]) OR 
"disease management"[All Fields]) 
OR ("epidemiology"[MeSH 
Subheading] OR "epidemiology"[All 
Fields] OR "prevalence"[All Fields] 
OR "prevalence"[MeSH Terms] OR 
"prevalance"[All Fields] OR 
"prevalences"[All Fields] OR 
"prevalence s"[All Fields] OR 
"prevalent"[All Fields] OR 
"prevalently"[All Fields] OR 
"prevalents"[All Fields])) AND 
((y_10[Filter]) AND 
(clinicaltrial[Filter])) 
 
Data retrieval 

The authors assessed the 
studies by reviewing their abstracts 
and titles to determine their 
eligibility, selecting relevant ones 
based on their adherence to the 
inclusion criteria, which aligned with 
the article's objectives. A consistent 
trend observed across multiple studies 
led to a conclusive result. The chosen 
submissions had to meet the 
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eligibility criteria of being in English 
and a full-text. 

This systematic review 
exclusively incorporated literature 
that met all predefined inclusion 
criteria and directly pertained to the 
investigated topic. Studies failing to 
meet these criteria were 
systematically excluded, and their 
findings were not considered. 
Subsequent analysis examined 
various details uncovered during the 
research process, including titles, 
authors, publication dates, locations, 
study methodologies, and parameters. 
 
Quality Assessment and Data 
Synthesis 

Each author independently 
evaluated the research presented in 
the title and abstract of the publication 
to determine which ones merited 
further exploration. The subsequent 
stage involved assessing all articles 
that met the predefined criteria for 
inclusion in the review. Decisions on 
including articles in the review were 
based on the findings uncovered 
during this evaluation process.  
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RESULT 

 The initial number of articles retrieved from online databases (PubMed, 
SagePub, SpringerLink, and Google Scholar) is 360 articles. After conducting three 
levels of screening, eight articles that directly relate to the current systematic review 
have been chosen for further assessment through full-text reading and analysis. 
Table 1 presents the selected literature included in this analysis. 
 
Table 1. The literature included in this study 

N
o. Author Origin Method Sample Result 

1.  Bjornstad, et al.13 
(2020) Malawi 

Prospective 
observational 
study 

114 
patients 

Nearly one in ten children 
died during hospitalization, 
and those with AKI (n=4) 
had a significantly higher 
risk of death compared to 
those without AKI, with a 
mortality rate of 40.0% 
versus 6.2% (relative risk 
6.5, 95% CI 2.2–19.1). 

2.  Van den Eynde, et 
al.14 (2022) Belgium Prospective 

cohort study 
571 
patients 

Out of 571 patients who 
underwent surgery over a 
four-year period, 113 
(19.7%) developed AKI, and 
15 (13.3%) of these patients 
died within a median of 31 
days after surgery. Sixty-six 
patients participated in the 
follow-up kidney assessment 
at a median of 4.8 years after 
the AKI episode. Of these, 
59.1% had at least one 
marker of kidney injury, 
including reduced eGFR in 
13.6%, proteinuria in 40.9%, 
α1-microglobinuria in 7.6%, 
hypertension in 19.7%, and 
ultrasound abnormalities in 
13.6%. Chronic kidney 
disease (CKD) stages 1 to 5 
were present in 27.3% of 
patients, with CKD more 
likely in those with 
associated syndromes 
(55.6% vs. 20.8%, P=0.015). 
At a median follow-up of 
13.1 years, 36.7% of 49 
patients had eGFR <90 
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mL/min per 1.73 m², 
indicating an average eGFR 
decline rate of −1.81 
mL/min per 1.73 m² per 
year. 

3.  Vivek, et al.15 
(2023) India Retrospective 

cohort study 
362 
patients 

In a study involving 362 
patients, divided into a 
furosemide group (n=182) 
and a no-furosemide group 
(n=180), the median 
pediatric risk of mortality–
III scores were similar 
between groups. The 
primary outcome occurred in 
28% of the furosemide group 
and 20% of the no-
furosemide group, a 
difference that was not 
statistically significant. The 
furosemide group had a 
significantly higher mean 
urine output compared to the 
no-furosemide group. 
However, the furosemide 
group also had higher organ 
dysfunction scores, longer 
durations of mechanical 
ventilation and hospital 
stays, and lower kidney 
recovery rates at discharge. 

4.  Hirano, et al.16 
(2020) Japan Retrospective 

cohort study 43 patients 

In a study of 43 patients, 
acute kidney injury (AKI) 
developed in 21 patients 
(49%) within 100 days 
following hematopoietic 
stem cell transplantation 
(HSCT). After adjusting for 
potential confounders, 
posttransplant AKI was 
significantly associated with 
the use of matched unrelated 
donors (MUD) (HR, 6.26; P 
= 0.042), but not with total 
body irradiation (TBI). 
Among the 37 patients who 
were followed up for two 
years, 7 died, but none 
developed chronic kidney 
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disease (CKD) during this 
period. 

5.  Kanazawa, et al.17 
(2024) Japan Retrospective 

cohort study 
118 
patients 

In a study examining risk 
factors for developing acute 
kidney injury (AKI) in 
pediatric patients receiving 
vancomycin (VCM), the 
area under the curve (AUC) 
threshold for AKI risk was 
determined to be 583.0 μg・
h/mL, with an AUC-ROC 
curve of 0.873 (sensitivity 
0.930, specificity 0.750). 
Univariate analysis 
identified the duration of 
VCM administration, ICU 
admission, and AUC as 
factors associated with AKI 
incidence. Concomitant 
medications that increased 
AKI risk included 
tazobactam/piperacillin, 
liposomal amphotericin B, 
calcineurin inhibitors, 
contrast agents, and H2-
receptor blockers. 
Multivariate analysis 
revealed that an AUC ≧ 
583.0 μg・h/mL (odds ratio 
20.14, 95% CI 3.52–115.22, 
p < 0.001) and the use of H2-
receptor blockers (odds ratio 
8.70, 95% CI 1.38–54.87, p 
= 0.02) were independent 
factors for AKI incidence. 

6.  Stotter, et al.18 
(2023) USA Retrospective 

cohort study 49 patients 

In a study of 59 patients with 
a mean age of 14.3 years, of 
whom 84.7% were female, 
the most common 
indications for kidney 
replacement therapy (KRT) 
were fluid overload (86.4%) 
and elevated blood urea 
nitrogen/creatinine (74.6%). 
The mean follow-up 
duration was 3.9 years. AKI 
recovery without 
progression to kidney failure 
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occurred in 37.3% of 
patients, while 25.4% 
experienced AKI recovery 
with later progression to 
kidney failure, and 35.6% 
did not recover from AKI. 
Factors associated with 
kidney failure included older 
age, severe tubular atrophy 
and interstitial fibrosis 
(>50%), and an NIH 
chronicity index score >4 on 
kidney biopsy. 

7.  Gist, et al.19 
(2022) USA Retrospective 

cohort study 
131 
patients 

In a study of 131 patients 
(median age 29 days, 51% 
male, 82% with underlying 
cardiac disease), the primary 
outcomes were mortality and 
hospital length of stay (LOS) 
among survivors. The 
hospital discharge survival 
rate was 45.8%. Fluid 
overload (FO+) at the time 
of ECMO discontinuation, 
but not acute kidney injury 
(AKI), was associated with 
increased mortality (adjusted 
odds ratio [aOR] = 2.3; 95% 
CI: 1.07–4.91). Patients with 
FO+ had twice the LOS 
compared to FO− patients, 
regardless of AKI status 
(FO+/AKI+: 60 days vs. 
FO−/AKI+: 30 days; P = 
0.01). 

8.  Safdar, et al.20 
(2021) UAE Retrospective 

cohort study 
1581 
patients 

In a study involving 1581 out 
of 6038 patients, acute 
kidney injury (AKI) 
occurred in 135 cases 
(8.5%), with 57% in stage 1, 
31.1% in stage 2, and 11.9% 
in stage 3. Mortality was 
significantly higher in the 
AKI group (4.4%) compared 
to the non-AKI group (0.2%, 
P < 0.01). During long-term 
follow-up, 14.8% of patients 
did not return for 
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assessment, while 58.5% of 
survivors fully recovered 
and 22.2% progressed to 
chronic kidney disease. 
Infants aged 1 month to 2 
years were the most affected 
age group (26%). Common 
causes of admission 
included chemotherapy-
induced AKI (31.9%) and 
pneumonia (10.4%). There 
was a significant inverse 
relationship between AKI 
occurrence and age group (P 
< 0.001) and a positive 
association between AKI 
and mortality (P < 0.001). 
However, no clear 
association was found 
between AKI stages and 
patient outcomes. 
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Bjornstad, et al.13 (2020) 
showed that AKI occurs in up to 10% 
of admitted pediatric trauma patients 
in Malawi and increases the risk of 
death sevenfold compared to those 
without AKI. Burn injuries were most 
commonly associated with AKI, 
occurring in 63.6% of cases, while 
other potential risk factors included 
multiple injuries, trunk or facial 
injuries, and recent consumption of 
herbal remedies. 

Van den Eynde, et al.14 (2022) 
concluded that children who 
developed AKI after cardiac surgery 
had persistent kidney injury markers, 
highlighting the need for long-term 
kidney follow-up due to the risk of 
cardiovascular comorbidities 
associated with CKD. 

Vivek, et al.15 (2023) showed 
that there was no difference between 
the groups in terms of all-cause 
mortality, fluid balance, and the need 
for kidney replacement therapy. The 
study concluded that furosemide 
infusion in AKI management did not 
reduce the progression to more severe 
AKI stages but was associated with 
higher morbidity. 

Hirano, et al.16 (2020) found 
that posttransplant AKI is strongly 
associated with HSCT from MUD. 
Despite a high incidence of AKI, the 
incidence of posttransplant CKD was 
lower than previously reported in 
adults. To avoid late renal 
dysfunction after HSCT in children, it 
is necessary to reduce TBI doses, 
minimize graft-versus-host disease 
(GVHD), and prevent infections, as 
these factors may contribute to the 
occurrence of AKI. 

Kanazawa, et al.17 (2024) 
showed that in pediatric patients 
receiving VCM, the risk of AKI 
increases with higher AUC, and the 
concurrent use of VCM and H2-

receptor blockers further elevates this 
risk. Univariate analysis identified the 
duration of VCM administration, ICU 
admission, and AUC as factors 
associated with AKI incidence. 

Stotter, et al.18 (2023) conluded 
that children with lupus nephritis 
(LN) and stage 3D AKI have a high 
long-term risk of kidney failure, with 
severe tubular atrophy and interstitial 
fibrosis being predictive of disease 
progression, regardless of AKI 
duration. 

Gist, et al.19 (2022) showed that 
FO+ at both ECMO initiation and 
discontinuation was associated with a 
significantly longer LOS, by 66% and 
50% respectively. The study 
highlights the need for prospective 
research on the timing and strategies 
for fluid management, including fluid 
removal, in children undergoing 
extracorporeal cardiopulmonary 
resuscitation (ECPR).  

Safdar, et al.20 (2021) 
concluded that community-acquired 
AKI remains prevalent among 
pediatric patients, with higher 
mortality rates observed. Infants are 
particularly vulnerable, and a notable 
proportion of AKI cases progress to 
chronic kidney disease.  

 
DISCUSSION 

Pediatric renal injury, 
encompassing acute kidney injury 
(AKI) and its long-term 
consequences, represents a significant 
clinical challenge across diverse 
clinical settings. This systematic 
review synthesizes findings from 
recent studies exploring the 
prevalence, management strategies, 
and outcomes associated with 
pediatric renal injury.5 

AKI incidence varies widely 
across different pediatric populations, 
highlighting its multifactorial 
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etiology and varying clinical contexts. 
Studies such as Bjornstad et al. (2020) 
underscore the severity of AKI in 
pediatric trauma patients, where up to 
10% experience AKI, significantly 
increasing the risk of mortality 
compared to non-AKI counterparts. 
This underscores the critical need for 
effective triage and management 
strategies in trauma care settings.13 

Following pediatric cardiac 
surgery, Van den Eynde et al. (2022) 
demonstrated that nearly one-fifth of 
patients developed AKI, with 
persistent kidney injury markers 
observed in a substantial proportion 
during long-term follow-up. The high 
prevalence of chronic kidney disease 
(CKD) stages 1 to 5 in these patients 
emphasizes the necessity of 
prolonged renal monitoring to 
mitigate long-term cardiovascular 
risks associated with CKD.14 

In contrast, interventions like 
furosemide infusion in AKI 
management, as explored by Vivek et 
al. (2023), did not significantly alter 
the progression of AKI stages but 
were associated with prolonged 
hospital stays and higher rates of 
organ dysfunction. This highlights the 
complexity of pharmacological 
interventions in pediatric AKI 
management and calls for cautious 
implementation guided by robust 
clinical evidence.15 

Posttransplant AKI remains a 
critical concern, particularly in 
hematopoietic stem cell 
transplantation (HSCT) recipients 
from matched unrelated donors 
(MUD), as evidenced by Hirano et al. 
(2020). Despite the high incidence of 
AKI post-transplantation, the lower-
than-expected prevalence of 
posttransplant CKD suggests 
potential strategies focusing on 

optimizing transplant protocols to 
mitigate renal complications.16 

The pharmacokinetic dynamics 
of nephrotoxic medications, such as 
vancomycin (VCM), significantly 
contribute to AKI risk in pediatric 
populations, as highlighted by 
Kanazawa et al. (2024). Elevated area 
under the curve (AUC) of VCM and 
concurrent use of H2-receptor 
blockers were identified as 
independent risk factors for AKI, 
emphasizing the importance of 
tailored dosing and monitoring 
strategies in nephrotoxic drug 
administration.17 

Long-term outcomes of 
pediatric AKI, particularly in 
conditions like lupus nephritis (LN), 
underscore the high risk of 
progression to kidney failure in severe 
AKI stages, as indicated by Stotter et 
al. (2023). Severe tubular atrophy and 
interstitial fibrosis serve as critical 
prognostic indicators, necessitating 
early intervention strategies to 
mitigate disease progression and 
improve renal outcomes.18 

Fluid overload (FO) 
management in pediatric patients 
undergoing extracorporeal membrane 
oxygenation (ECMO) poses unique 
challenges, as highlighted by Gist et 
al. (2022). FO at ECMO 
discontinuation, rather than AKI 
itself, was associated with increased 
mortality and prolonged hospital 
stays, underscoring the critical role of 
fluid balance optimization in 
improving outcomes in this 
vulnerable population.19 

Community-acquired AKI in 
pediatric patients, as observed by 
Safdar et al. (2021), remains a 
prevalent condition with substantial 
mortality rates, particularly among 
infants. The significant association 
between AKI and mortality 
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underscores the need for early 
recognition, prompt intervention, and 
ongoing surveillance to mitigate long-
term renal complications.20 

Advances in understanding 
pediatric renal injury continue, but 
challenges remain in optimizing 
management and outcomes. Early 
detection, personalized protocols, and 
long-term surveillance are crucial. 
Future research should emphasize 
prospective studies to refine 
interventions and establish tailored 
guidelines for pediatric AKI 
management. 

 
CONCLUSION 

Pediatric renal injury, including 
acute kidney injury (AKI) and its 
long-term implications, presents a 
significant clinical challenge across 
diverse settings. Recent studies 
highlight varying AKI incidences and 
outcomes, underscoring the need for 
effective management strategies and 
long-term renal surveillance to 
mitigate mortality and chronic kidney 
disease risks. 
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