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Abstract
Introduction: Acute kidney injury (AKI) is defined as a sudden reduction in kidney function, which ranges from mild 
changes in kidney biomarkers to severe conditions that require renal replacement therapy (RRT). RRT is the most effective 
treatment for patients with severe AKI, and the most used RRT methods are: conventional hemodialysis (HD), continuous 
hemodialysis and peritoneal dialysis (PD). Objectives: This study aims to analyze the epidemiological profile and outcome 
of patients diagnosed with Acute Kidney Injury undergoing renal replacement therapy in the Intensive Care Unit. Methods: 
For this, a descriptive, observational, cross-sectional study was carried out through the retrospective collection of data 
obtained through the electronic medical record system. Results: Among the hospitalizations during the study period, 
3.67% required RRT due to AKI, with sepsis as the main cause (48.57%). Most patients underwent RRT through HD. The 
mortality rate was 45.7%, showing higher mortality in those who developed AKI during hospitalization compared to 
those who were already admitted with AKI. Conclusion: It is possible to conclude that most patients undergoing RRT 
due to AKI are under 2 years of age and more than 50% have comorbidities. The presence of comorbidities and PIM2 
are related to mortality.
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INTRODUCTION

Acute kidney injury (AKI) is defined as a sudden 
decrease in kidney function with varying degrees of se-
verity, ranging from mild alterations in kidney biomarkers 
to severe disease requiring renal replacement therapy 
(RRT). Prevalence of AKI has increased in both developed 
and developing countries. This multifactorial condition 
has been associated with high morbidity and mortality in 
critically ill patients1,2.

AKI is a very common condition in hospitalized chil-
dren. Data suggest that 5% of children with non-critical 
conditions and up to 27% of children with critical conditions 
experience AKI at some point during hospitalization2. An 
epidemiology study carried out by the Latin American So-
ciety of Nephrology and Hypertension in 2004-2012 found 
death rates between 18% and 70.4% in pediatric patients 
with AKI in Latin America. The most common etiologies 
were hemolytic-uremic syndrome (HUS), heart disease and 
critical illness3. In Brazil, a retrospective study from 2008 
reported an overall mortality of 53.3% in children aged 
0-12 years with Aki requiring dialysis1.

In addition to high mortality, children with AKI go 
through longer periods of hospitalization and often require 
intensive care. Patients surviving AKI are still a high risk of 
developing chronic kidney disease (proteinuria, hyperten-
sion and reduced glomerular filtration rate)4.

The need to standardize the criteria for AKI resulted 
in classifications initially thought for adults and later adap-
ted for children. The most recent classification system, and 
also the most recommended in pediatrics, is the KDIGO 
(Kidney Disease: Improving Global Outcome). Published in 
2012, the KDIGO is used to categorize patients into three 
stages depending on disease severity. The criteria analyzed 
are increases in serum creatinine and/or decreases in 24-
hour urinary output1,5,6.

RRT is the most effective treatment for severe AKI 
in critically ill patients. It aims to correct metabolic disor-
ders resulting from renal dysfunction, electrolyte and fluid 
balance, preservation and assistance in the recovery from 
organ dysfunctions associated with kidney damage. RRT 
includes conventional (HD) or intermittent hemodialysis, 
continuous hemodialysis and peritoneal dialysis (PD). The 
choice of method depends on the objective of treatment, 
the availability of materials and specialized staff, and the 
patient’s clinical condition1. Since it is a complex and costly 
therapy, access to RRT has been less than ideal in low- and 
middle-income countries. In this context, peritoneal dialysis 
comes up as the most used therapy in patients with acute 
disease due to ease-of-use and affordability1,7.

Recent research has looked into how to predict or 
detect risks for AKI earlier in order to avoid or mitigate the 
damage caused by the disease. More specific and sensitive 

biomarkers, capable of detecting the onset of kidney injury 
earlier than the increase in serum creatinine, have been 
studied. These markers include urine neutrophil gelatinase-
-associated lipocalin (NGAL), used to detect early tubular 
damage. When associated with other biomarkers such 
as Cystatin C (CysC), more accurate data is gathered on 
the pathophysiology of the disease, improving prognostic 
capabilities. Following this trend, the renal angina metho-
dology was developed in 2010. This clinical scale identifies 
patients at high risk of AKI and serves as a screening tool 
to indicate biomarker levels1,4,8.

From an epidemiological point of view, especially in 
Brazil, there is a lack of large studies on AKI in the pedia-
tric population. Since AKI is a serious condition with high 
morbidity and mortality that imposes a substantial finan-
cial burden on the healthcare system, the analysis of the 
epidemiological profile and outcomes of patients on RRT 
allows the establishment of improved public health policy 
and a more rational approach to the resources needed to 
treat patients with AKI, consequently decreasing the impact 
of the disease on affected individuals.

METHODS

This descriptive observational cross-sectional study 
was carried from January 1, 2016 to August 31, 2020. We 
collected retrospective data stored in a TASY electronic 
medical records system.

The study included patients aged 28 days to 17 years 
diagnosed with acute kidney injury admitted to the Pedia-
tric Intensive Care Unit who, at some point, underwent RRT. 
Patients aged 28 days or less, individuals diagnosed with or 
progressing to chronic kidney disease (CKD), patients with 
medical records with missing, incorrect or insufficient data, 
were excluded from the study.

The variables collected were age, gender, disease 
etiology, city of residence, initial dialysis method and 
whether they were converted to other types of dialysis, 
PIM2 (Paediatric Index of Mortality %), KDIGO score at 
the time of RRT prescription, previous comorbidities, total 
time on RRT, time on mechanical ventilation (MV), whether 
they received vasoactive drugs (VAD) at any point during 
hospitalization, length of stay in the ICU and outcome 
(discharge or death).

The etiology of AKI was defined according to the 
classification proposed by the ESPN/ERA-EDTA (European 
Society for Pediatric Nephrology / European Renal Associa-
tion- European Dialysis and Transplant). This classification 
segregates patients into five categories: glomerular disea-
se, tubulointerstitial nephritis, systemic diseases with renal 
involvement (HUS, lupus), familial nephropathy, others 
(sepsis, hypovolemia, shock, pyelonephritis).
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Comorbid conditions existing prior to the diagnosis 
of AKI were categorized into neuropathy, heart disease, 
oncologic condition, genetic syndrome, prematurity, 
endocrine disease, and others.

Patients were categorized into the following age 
groups at the time of AKI diagnosis: 29 days to 2 years, 2 
to 5 years, 5 to 10 years, over 10 years. They were also ca-
tegorized into individuals with AKI at the time of admission 
and individuals who developed AKI at some point during 
their stay in the ICU.

The database was built with Microsoft Excel. Statis-
tical analysis was carried out on SPSS (Statistical Package 
for the Social Science).

The study complied with the Guidelines for Research 
involving human beings, contained in resolution 466/2012 
of the National Health Council. The Ethics Committee for 
Research with Human Beings of the Hans Dieter Schmidt 
Hospital approved the study and granted it certificate 
number 35713720.0.0000.5363.

This study did not pose any direct risks to the 
enrolled patients. It did not change the therapeutic ap-
proaches or treatments prescribed to patients. Since this 
was an observational descriptive study, it did not require 
patient consent. In accordance with ANVISA resolution RDC 
96/2008, the authors declare that the study did not entail 
conflicts of interest.

RESULTS

A total of 1,905 patients were admitted to the PICU 
at HJAF from January 1, 2016 to August 31, 2020 (56 mon-
ths). In this time period, 70 patients underwent RRT for 
AKI, 33 males (47.1%) and 37 females (52.9%). Mean age 
was 4.87 years (SD: ± 4.61). According to the distribution 
by age group, 25 (35.72%) patients were between 29 days 
and two years old, 17 (24.28%) between two and five years 
old, 14 (20%) between five and 10 years old, and 14 (20%) 
were over 10 years old.

An average 1.25 patients/month underwent RRT. 
The year with the highest number of admissions was 2019 
(32.85%), with an average of 1.91 patients/month. Half of 
the studied population came from the North of the state, 
followed by the West with 20%, the Vale do Itajaí region 
with 15.71%, the South with 7.14%, the Greater Florianó-
polis with 5.71%, and the Serrana region with 1.42%.

According to etiology, the causes of AKI were: glo-
merular disease in three patients (4.28%); systemic disease 
with kidney involvement in 25 patients (35.71%). HUS was 
the main cause of AKI for systemic disease, with 18 patients 
(25.71%). Forty-two patients (60%) were described as ha-
ving other causes of AKI, among which sepsis accounted 
for 34 patients (48.57%).

At the time of admission, 46 (65.71%) children had 
been diagnosed with AKI, while 24 (34.28%) had AKI at 
some point during hospitalization. According to the KDIGO 
classification, at the time of RRT prescription, 53 (75.71%) 
had stage 3, nine (12.85%) had stage 2, and eight (11.42%) 
had stage 1 disease. Thirty-nine patients were initially pres-
cribed HD and 31 PD, of which 13 (41.9%) were converted 
to HD at some point during hospitalization.

Thirty-six of the 70 patients (51.42%) had other 
conditions prior to AKI, with oncologic conditions diseases 
accounting for approximately 17% of the cases, followed by 
neuropathy, heart disease, prematurity, genetic syndrome, 
endocrine diseases and other comorbid conditions.

More than 87% of the patients underwent MV and 
spent 14.18 days (SD: ± 15.51) on average on a ventilator, 
ranging from one to 75 days. VADs were prescribed to 55 
(78.57%) children. Only nine did not require ventilatory 
support and 15 were not prescribed VADs.

The average length of stay in the ICU was 17.31 days 
(SD: ± 16.89), ranging from one to 75 days. The average 
length of stay was 13.81 days for the patients who died and 
20.26 days for the patients who were discharged. Overall 
mean time on RRT was 8.86 days (SD: ± 9.82); mean time 
on RRT for the patients who died was 5.66 days and 11.55 
days for the patients who were discharged.

Mean PIM2 was 21.41% (SD: ± 24.46); mean PIM2 
for the patients who died was 33.27% and 11.42% for the 
patients who were discharged. The mortality rate was 
45.7%; seven of the 32 patients who died had already 
recovered kidney function (Table 1).

When the study population was compared for outco-
mes (Table 2), statistically significant associations (p<0.05) 
were found with PIM2 (p<0.001), presence of comorbidity 
(p=0.009) and time on RRT (p =0.008). The other charac-
teristics (KDIGO, age group, AKI on admission) were not 
statistically associated with patient outcomes.

The analyzed association revealed that systemic 
diseases with renal involvement, represented mainly by 
HUS, were associated with a greater number of discharges 
than deaths. Diseases in the “other” category and sepsis 
in particular were more strongly associated with death 
(Table 3).

DISCUSSION

The present study showed that 1.25 patients/month 
required RRT for AKI, or 3.67% of PICU admissions in the 
studied time period. Other studies found rates between 0.29 
and 5.16 patients/month, with a range of 1.2 to 7.17% of ICU 
patients needing RRT9–17.

As in other studies, in ours the age group most affec-
ted by AKI was the youngest, comprising individuals aged 29 
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Table 1. Study population characteristics.

N (%) Mean (DP)

Age 4.87 (4.61)

Gender

Female 37 (52.9)

Male 33 (47.1)

Comorbidity

Oncologic condition 12 (17.14)

Neuropathy 6 (8.57)

Cardiopathy 3 (4.28)

Prematurity 3 (4.28)

Genetic syndrome 3 (4.28)

Endocrine disease 1 (1.42)

Other 8 (11.42)

Region of residence

North 35 (50)

West 14 (20)

Vale do Itajaí 11 (15.71)

South 5 (7.14)

Great Florianópolis 4 (5.71)

Serrana 1 (1.42)

KDIGO

1 8 (11.42)

2 9 (12.85)

3 53 (75.71)

MV 61 (87.14)

Time on MV 14.18 (15.51)

VAD 55 (78.57)

Length of stay 17.31 (16.89)

PIM2 21.41 (24.46)
Abbreviations: SD, standard deviation; MV, mechanical ventilation, VAD, 
vasoactive drug; PIM-2, Paediatric Index of Mortality-2. Orders of magnitude: 
Age, years; Length of stay, days; Mechanical ventilation time, days.

Table 2. Associations between study population characteristics and 
outcomes.

Death
(n=32)

Discharge 
(n=36) p

PIM2 (mean) 33.26 11.41 <0.001 ª

Comorbidity (N) (%) 22 (68.75) 14 (38.88) 0.009 b

KDIGO (mean) 2.47 2.79 0.059 c

Time on RRT (mean) 5.65 11.55 0.008 ª

Age range (mean) 2.45 2.43 0.438 b

AKI on admission (N) (%) 17 (53.12) 29 (80.55) 0.48 b

Abbreviations: RRT, Renal replacement therapy; AKI, acute kidney injury; PIM-
2, Paediatric Index of Mortality-2. Orders of magnitude: Age, years; time on 
RRT, days. Statistical tests: a T-Test; b Chi-square; c Mann-Whitney.

Table 3. Statistically significant associations between etiology and 
outcomes (p=0.001).

Death
(n=32)

Discharge 
(n=36) p

Other (N) (%) 27 (84.37) 15 (41.66)

0.001bSystemic diseases with renal 
involvement (N) (%) 4 (12.50) 21(58.33)

Glomerular disease (N) (%) 1 (3.12) 2 (5.55)

Statistical test: b Chi-square.

days to two years (35.72%). According to the literature, AKI 
occurs predominantly at the ends of the pediatric age range, 
i.e., in adolescents and infants under one month of age2,18,19. 
The average age of individuals with AKI in our study was 4.87 
years; mean age varies widely in the literature. There was no 
significant difference between genders, although most articles 
point to a slight predominance of disease in males9,12,20,21.

Contrary to our study, some authors described a re-
lationship between mortality and younger age, especially in 
individuals younger than one year. This association is repor-
tedly stronger in populations that include individuals younger 
than one month9,11,22.

The year with the highest number of admissions was 
2019, the year in which the Hospital became the only referral 
center for pediatric RRT in the entire state. Most patients came 
from the North region, where the Hospital is located.

Sepsis was the main cause of AKI in our study, followed 
by HUS and glomerulopathies. This study was carried out in a 
PICU with predominantly clinical patients, with rare postope-
rative admissions. Therefore, there were no data available on 
the use of RRT in surgical complications.

The etiology of AKI varies widely between developed 
and developing countries. In developed countries, AKI is 
more associated with hospital-acquired illnesses and the 
consequences of treatment for critically ill patients (heart 
surgery post-operative care, sepsis, transplantation, tumor 
lysis syndrome, exposure to nephrotoxic drugs). Improvements 
in the care and survival of critically ill patients has caused AKI 
to be increasingly associated with systemic diseases such as 
sepsis, multiple organ damage and the therapies prescribed 
for these conditions2,23.

Conversely, developing countries have a higher inciden-
ce of AKI resulting from community-acquired conditions such 
as post-infectious glomerulonephritis, hypovolemia, toxicity/
poisoning and sepsis.

The Spanish multicenter study by Pol et al. described 
postoperative complications as the main cause of AKI, followed 
by sepsis and kidney disease16. A multicenter study carried 
out in China reported urolithiasis, dehydration and nephrotic 
syndrome were the main causes of AKI21. A review carried out 
in sub-Saharan Africa found malaria as the main etiology, follo-
wed by dehydration due to gastroenteritis24. A study conducted 
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in Turkey described sepsis as the main cause, followed by 
hypovolemia and shock, tubulointerstitial disease and HUS11.

Our study found a statistically significant correlation 
between etiology of AKI and outcomes, with sepsis showing 
a stronger association with death. As described in the litera-
ture, sepsis is the most significant cause of death in children 
with AKI19,25.

Since ours is a referral center for RRT, most of the pa-
tients included in the study had been diagnosed with AKI prior 
to admission. This data varies substantially in the literature, but 
this is a trend in developing countries, in which community-
-acquired AKI is the most prevalent form of disease24. The same 
occurs with the degree of renal impairment, which in develo-
ping countries is more severe at the time of diagnosis11,14,18,23,25. 
In our study, most of the patients had advanced kidney disease 
according to the KDIGO classification at the time of diagnosis. 

We found no statistically significant association betwe-
en the KDIGO classification and patient outcomes. The litera-
ture varies widely in descriptions of an association between 
death rates and degree of renal impairment. Two articles pre-
sented interesting data regarding the classification of kidney 
injury. Kari et al. found lower death rates in patients with stage 
1 or 2 disease according to the KDGO classification undergoing 
RRT compared to individuals with in stage 3 disease, indicating 
that patients with less severe kidney damage benefited more 
from RRT25. Kaddourah et al. evaluated progression of the 
KDIGO scores over a week in critically ill hospitalized patients, 
and found that individuals with stage 1 disease on the first 
day were more likely to progress to stages 2 or 3 compared to 
patients without a diagnosis of AKI on the first day15.

As in our study, several other centers do not have an 
AKI treatment protocol, which may impair the assessment of 
the degree of kidney injury and patient outcomes. However, 
the severity of AKI is associated with a greater probability and 
duration of RRT, longer MV time, and consequently longer 
hospital stays4,9,12,23,25.

More than 50% of the patients had chronic clinical con-
ditions prior to the diagnosis of AKI. Other authors have descri-
bed similar proportions in their studies, with a predominance 
of heart disease, neuropathy and lung disease. The presence of 
comorbid conditions is a risk factor for AKI that has been also 
associated with higher death rates among patients undergoing 
RRT9,11,23. Our study found a statistically significant association 
between presence of comorbid conditions and death.

The mode of RRT in the majority of our patients was 
HD. This is due to the fact that many patients who are referred 
to our service had failed treatment attempts with PD. Among 
those who started PD upon admission, 41.9% had device fai-
lure and converted to HD. There is a preference for PD in the 
literature due to ease of use and affordability11,16. Continuous 
hemodialysis is preferentially prescribed to critically ill patients, 
since it generates less hemodynamic instability; however, it is 
an expensive method not available in our service.

As described in the literature, we found a high incidence 
of MV and use of VADs in patients undergoing RRT. The average 
length of stay and time on RRT was shorter in the patients who 
died. The mean time on MV, length of hospitalization and time 
on RRT were higher than those found in the literature, although 
the articles included in our references did not establish com-
parisons against a population that exclusively underwent RRT, 
as we did in our study9,24,25.

In the population studied by Bresolin et al., 100% of the 
children who died were prescribed VADs and MV17. In a Brazi-
lian study enrolling pediatric patients hospitalized for sepsis 
and AKI, more than 70% of the population required MV, more 
than 98% took VADs and 42.8% needed RRT. Among those 
who required RRT, more than 92% were on MV and all took 
VADs. And as in our study, the patients who died had shorter 
hospital stays21. In a North American review, Sutherland et 
al. compared the lengths of stay between different groups of 
patients with AKI and found that the ones referred to an ICU 
had longer stays than those with AKI who required RRT, and 
that patients with AKI not transferred to an ICU and who did 
not require RRT had shorter hospital stays18.

Several studies demonstrate that AKI is an independent 
risk factor for prolonged ICU stay, longer time on MV and in-
creased mortality among critically ill patients2,20,25.

Differently from developed countries, in which the 
death rates for patients with AKI range between 11% and 27% 
with higher values in groups undergoing RRT, the death rate in 
our population was 45.7%. In developing countries, death rates 
may be as high as 86.5%1,9,18,23,26. A review carried out in Latin 
America including pediatric patients with AKI described death 
rates ranging from 18% to 70.4%3. Bresolin et al. reported a 
death rate of 68.5% in children undergoing RRT at a pediatric 
hospital in southern Brazil17.

Comparative studies including critical patients found 
that individuals with AKI have longer hospital stays, mortality 
scores, higher incidence of shock and respiratory failure, and 
death mortality rate compared to critically ill patients without 
AKI11,12,18,25. Our study did not find a statistically significant as-
sociation between time of onset of AKI and patient outcome, 
although, as in other articles, higher death rates were seen 
among patients who developed AKI during hospitalization 
compared to individuals who had AKI on admission11,23,26.

The use of RRT in critically ill patients is strongly as-
sociated with death, with a risk three to nine times higher 
compared to patients with AKI who did not need RRT21,22. There 
was a statistically significant difference between time on RRT 
time and outcome, with lower averages in patients who died.

In addition to short-term mortality, a Canadian study 
prospectively evaluated the death rates of patients hospitalized 
in a PICU. The comparison demonstrated that the individuals 
with AKI on admission had a higher death rate both after 30 
days of hospital discharge and during a follow-up period of 
five to seven years20.
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The average mortality score found in our study was 
21.41%, which is higher than the one reported in other studies 
that used the PIM2, with averages between 13.1% and 16.5% 
in patients with AKI. There are no specific data covering only 
patients undergoing RRT as in our study9,19. However, all stu-
dies that investigated pediatric mortality rates found higher 
values in patients with AKI16,19,25. As other authors, we found 
a statistically significant association between PIM2 and death.

CONCLUSION

Our study found that critically ill pediatric patients 
undergoing RRT for AKI are mostly under two years of age 
and more than 50% have at least one comorbid condition. 
Mechanical ventilation and use of vasoactive drugs were pre-
scribed to more than 78% of our population. Average length 
of hospital stay and time on RRT were greater in patients 
discharged from the ICU.

Overall mortality was 45.7%. Sepsis was the main cause 
of AKI. PIM2 and presence of comorbid conditions were posi-
tively associated with mortality.

REFERENCES

	 1.	 Cleto-Yamane TL, Gomes CLR, Suassuna JHR, Nogueira PK. Acute Kidney 
Injury Epidemiology in pediatrics. Braz J Nephrol. 2019;41(2):275-83. 

	 2.	 Kwiatkowski DM, Sutherland SM. Acute kidney injury in pediatric patients. 
Best Pract Res Clin Anaesthesiol. 2017;31(3):427-39. 

	 3.	 Chávez-Iñiguez JS, García-García G, Lombardi R. Epidemiología y de-
senlaces de la lesión renal aguda en Latinoamérica. Gac Med Mex. 
2018;154(Supp 1):S6-14. 

	 4.	 Fragasso T, Ricci Z, Goldstein SL. Pediatric Acute Kidney Injury. Contrib 
Nephrol. 2018;193:113-26. 

	 5.	 Ricci Z, Romagnoli S. Acute Kidney Injury: diagnosis and classification in 
adults and children. Contrib Nephrol. 2018;193:1-12. 

	 6.	 Acute Kidney Injury (AKI) – KDIGO [Internet]. 2012; [cited 2020 Jul 7]. 
Available from: https://kdigo.org/guidelines/acute-kidney-injury/.

	 7.	 Niang A, Iyengar A, Luyckx VA. Hemodialysis versus peritoneal dialysis in 
resource-limited settings. Curr Opin Nephrol Hypertens. 2018;27(6):463-
71.

	 8.	 Basu RK. Acute Kidney Injury in Hospitalized Pediatric Patients. Pediatr 
Ann. 2018;47(7):e286-91. 

	 9.	 Al-jboor W, Almardini R, Bderat JA, Frehat M, Masri HA, Alajloni MS. 
Acute kidney injury in critically ill child. Saudi J Kidney Dis Transplant. 
2016;27(4):740. 

10.	Keenswijk W, Vanmassenhove J, Raes A, Dhont E, VandeWalle J. Epide-
miology and outcome of acute kidney injury in children, a single center 
study. Acta Clin Belg. 2017;72(6):405-12. 

11.	Oztek-Celebi FZ, Ozlu SG, Aydog O. Factors that influenced undergoing 
renal replacement therapy and survival in children with acute kidney 
injury. Nephrol Carlton Vic.  2019;24(2):181-7. 

12.	Rustagi RS, Arora K, Das RR, Pooni PA, Singh D. Incidence, risk factors 
and outcome of acute kidney injury in critically ill children - a developing 
country perspective. Paediatr Int Child Health. 2017;37(1):35-41.

13.	Anigilaje EA, Adebayo AI, Ocheni SA. Acute kidney injury in children: A stu-
dy of etiology, clinical profile, and short-term outcomes at the University 
of Abuja Teaching Hospital, Gwagwalada, Abuja, Nigeria. Saudi J Kidney 
Dis Transplant. 2019;30(2):421. 

14.	Tresa V, Yaseen A, Lanewala AA, Hashmi S, Khatri S, Ali I, et al. Etiology, 
clinical profile and short-term outcome of acute kidney injury in chil-
dren at a tertiary care pediatric nephrology center in Pakistan. Ren Fail. 
2017;39(1):26-31.

15.	Kaddourah A, Basu RK, Bagshaw SM, Goldstein SL. Epidemiology of Acute 
Kidney Injury in Critically Ill Children and Young Adults. N Engl J Med. 
2017;376(1):11-20.

16.	Pol PT, Galán CR, Villanueva JAM, Martinez-Camblor P, López-Herce J, en 
representación del Grupo de Estudio del Fallo Renal Agudo de la Sociedad 
Española de Cuidados Intensivos Pediátricos. Severe acute kidney injury 
in critically ill children: Epidemiology and prognostic factors. An Pediatr 
(Barc). 2015;83(6):367-75. 

17.	Bresolin N, Silva C, Halllal A, Toporovski J, Fernandes V, Góes J, et al. 
Prognosis for children with acute kidney injury in the intensive care unit. 
Pediatr Nephrol Berl Ger. 2009;24(3):537-44. 

18.	Sutherland SM, Ji J, Sheikhi FH, Widen E, Tian L, Alexander SR, et al. AKI in 
hospitalized children: epidemiology and clinical associations in a national 
cohort. Clin J Am Soc Nephrol CJASN. 2013;8(10):1661-9. 

19.	Mehta P, Sinha A, Sami A, Hari P, Kalaivani M, Gulati A, et al. Incidence of 
acute kidney injury in hospitalized children. Indian Pediatr. 2012;49(7):537-
42.

20.	Hessey E, Morissette G, Lacroix J, Perreault S, Samuel S, Dorais M, et al. 
Long-term Mortality After Acute Kidney Injury in the Pediatric ICU. Hosp 
Pediatr. 2018;8(5):260-8.

21.	Riyuzo MC, Silveira LV de A, Macedo CS, Fioretto JR, Riyuzo MC, Silveira LV 
de A, et al. Predictive factors of mortality in pediatric patients with acute 
renal injury associated with sepsis. J Pediatr (Rio J). 2017;93(1):28-34.

22.	Lameire N, Van Biesen W, Vanholder R. Epidemiology of acute kidney injury 
in children worldwide, including developing countries. Pediatr Nephrol 
Berl Ger. 2017;32(8):1301-14.

23.	Duzova A, Bakkaloglu A, Kalyoncu M, Poyrazoglu H, Delibas A, Ozkaya 
O, et al. Etiology and outcome of acute kidney injury in children. Pediatr 
Nephrol Berl Ger. 2010;25(8):1453-61.

24.	Gupta S, Sengar GS, Meti PK, Lahoti A, Beniwal M, Kumawat M. Acute 
kidney injury in Pediatric Intensive Care Unit: Incidence, risk factors, and 
outcome. Indian J Crit Care Med Peer-Rev Off Publ Indian Soc Crit Care 
Med. 2016;20(9):526-9.

25.	Kari JA, Alhasan KA, Shalaby MA, Khathlan N, Safdar OY, Al Rezgan 
SA, et al. Outcome of pediatric acute kidney injury: a multicenter 
prospective cohort study. Pediatr Nephrol Berl Ger. 2018;33(2):335-
40.

26.	Olowu WA. Acute kidney injury in children in Nigeria. Clin Nephrol. 
2015;83(7 Suppl 1):70-4.


