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Abstract

Background: Acute kidney injury (AKI) is a serious clinical condition in children admitting to the pediatric intensive care unit. Be-
side having therisk of significant morbidity and mortality, AKI has also increased the risk for chronic kidney disease. However, there
is paucity of data regarding AKI epidemiology in children. Herein, we aimed to describe the incidence, risk factors, and outcome of
AKl in critically ill children.

Methods: The records of patients, who were hospitalized in our pediatric intensive care unit between October 2016 and March 2018
were investigated retrospectively. The relationship between AKI and the need of invasive mechanical ventilation and non-invasive
mechanical ventilation, inotropic and nephrotoxic drug use, initial laboratory findings, continuous renal replacement need, pedi-
atric risk of mortality-III score (PRISM-III), duration of hospitalization, and mortality rate were investigated.

Results: Totally, 447 patients were found to have been included in the study. The AKI developed in 111 patients. The sepsis was the
most common underlying disease with 27 patients (24.3 %). There was a statistical significance between development of AKI and the
need of invasive mechanical ventilation, inotropic and nephrotoxic drug use, PRISM-III score, continuous renal replacement need,
plasma exchange, blood component transfusion, duration of hospitalization, and mortality.

Conclusions: The AKI is associated with prolonged hospitalization and increased mortality. AKI should be considered as a medical

emergency that should be diagnosed and managed accurately.
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1. Background

Acute kidney injury (AKI) isamong the common causes
that increase mortality and morbidity in the pediatric in-
tensive care unit (ICU). Beside, being an independent risk
factor in the prognosis of the critically ill patient, AKI is
also associated with increased health charges due to the
need of dialysis and prolonged hospitalization (1, 2). De-
spite the improvement in renal replacement therapies and
treatment modalities in intensive care, the mortality of AKI
is still high, ranging from 9% to 67% (3, 4). The early recov-
ery of renal functions shortens the recovery and improves
the outcome of patients with AKI. To prevent the AKI, the
primary aim must be to determine the underlying risk fac-
tors and to provide the proper protective treatment strate-
gies during and before admission to ICU. The epidemiol-
ogy and the outcomes of AKI is well-defined in adults, how-
ever,the studies are limited in children, although the inci-
dence of AKI can be as high as 83% (5).

Herein, we aimed to determine the incidence and to

identify the causes, prognostic risk factors, and the out-
come of AKI in pediatric intensive care unit (PICU).

2. Methods

2.1. Study Design

We performed a retrospective analysis of records of
all patients admitted to PICU between October 2016 and
March 2018. We have a tertiary, multidisciplinary PICU
located in a training and research hospital in Istan-
bul, Turkey to which approximetly 20000 patients admit
monthly during the winter season. Our PICU provides
health-care for children from one month to 18 years, it
has 12 beds, 11 incubators, two isolation rooms, and two
Prismaflex™ (Gambro, USA) hemofiltration machine. All
catheters were attached by a single specialist and all inten-
sive care follow up was done by the same specialist.
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2.2. Methods

Patients admitted with various causes of criticall ill-
ness in PICU of Okmeydani Research and Training Hospi-
tal between October 2016 and March 2018 were included
in this study. The patients having the history of acute or
chronic renal failure, having the dialysis for intoxication,
metobolic disordes, tumor lysis and hemolytic uremic syn-
drome, patients staying less than 24 hours in the ICU, and
who died in the first day of admission were excluded from
the study.

The AKI was defined as oliguria (urine output < 0.5
mL per kilogram of body weight per hour) and the ele-
vated serum creatinine value for age or 1.5 fold increase in
the baseline creatinine level in 24 hours. The estimated
glomerular filtration rate (GFR) was calculated according
to the original Schwartz formula. The blood gas analysis re-
sult comprises the serum creatinine and electrolyte levels
as well in our PICU. The risk, injury, failure, loss of kidney
function, and end-stage kidney disease (RIFLE) criteria was
considered for patients at admission and during their stay
in the PICU.

The age, gender, concomitant infection, the need of
invasive or noninvasive mechanical ventilation, PRISM-III
score, the usage of nephrotoxic and inotrophic drugs, lab-
oratory findings at admission, blood component trans-
fusion, plasma exchange, continuous renal replacement
therapy (CRRT), the length of intensive care duration, and
the mortality were the stated possible risk factors of AKI.
The 29 drugs like acyclovir, amikacin, amphotericin b, van-
comycin, and captopril were considered as nephrotoxic ac-
cording to the Handbook of Pediatric & Neonatal Dosage.

2.3. Statistics

Statistical analysis was performed using the IBM SPSS
20.0 (SPSS Inc., Chicago, IL, USA) package program. Con-
tinuous variables are expressed as mean =+ standard devi-
ation and categorical variables are expressed as frequency
(percentages). The Student t-test was used for continuous
variables that have a normal distribution and the Mann-
Whitney test for variables that did not have a normal dis-
tribution. Pearson’s Chi-square and ANOVA test was used
in the comparison of the categorical data between the
groups. Univariate and multivariate binary logistic regres-
sion models were conducted to calculate odds ratio (OR)
with 95% confidence interval (CI) for PICU prognosis. A P-
value of < 0.05 was considered statistically significant.

3. Results

3.1. Demographics

Between October 2016 and March 2018 there were 469
children admitted to the ICU. A total of 447 patients were
eligible for the present study. There were 22 patients that
were excluded due to the fact that 17 patients had a known
renal failure, two of them were diagnosed as hemolytic
uremic syndrome, two of them died in the first 24 hour
of hospitalization and one patient stayed shorter than 24
hoursin the ICU. Of the 447 patients, 243 (54.4%) were male,
204 (45.6%) were female. The age distribution was between
1month and 17 years, with a mean of 3.74 + 4.70 years. The
mean duration of hospitalization in the PICU was 7.32 &
10.29 days.

Overall, the respiratory failure, neurologic disorders,
and the sepsis were the main causes of hospitalization. A
total of 99 patients (22.1%) recieved inotropic drugs and 168
(37.6%) patients were used to recieve any nephrotoxic med-
ication, 149 of which was amikacin. The mechanical venti-
lation (MV) was used in 122 (27.3%) patients and non inva-
sive mechanical ventilation (NIV) was efficient in ventila-
tion of 204 (45.6%) patients. A total of 50 (11.2%) patients un-
derwent CRRT. Plasma exchange was performed in 14 (3.1%)
patients. During the PICU stay a total of 14 (3.1%) patients
died (Table1).

3.2. Characteristics of AKI

AKIwas developed in 111 patients (24.8 %), 60 of patients
(13.4%) with AKI had increased creatinine levels, 13 patients
(2.9%) had two times the basal cretinine level, and 38 pa-
tients (8.5%) had urine output < 0.5 mL/kg/h. When the pa-
tients with the AKI were classified according to pRIFLE cri-
teria (renal risk, injury, failure, loss of kidney function, end
stage renal disease); 58 (52.2 %) patients had risk (R),33(29.7
%) patients had injury(I),and 20 (18.0%) patients had failure
(F). The pRIFLE criteria and the outcome of the patients are
shown in Table 2.

Totally, 50 patients (11.2 %) used to need CRRT, the un-
derlying reason was AKI in 45 patients and intoxication in
five patients. The patients who underwent CRRT were clas-
sified by the pRIFLE criteria, four (8.9%) patients were with
R category, 21 (46.7%) patients were with I category, and 20
(44.4%) patients in the F category received CRRT.

Sepsis was the most common underlying disease in AKI
with 27 patients (24.3 %). PICU mortality rate was 3.1% dur-
ing the course of the study. All of the mortal cases de-
veloped AKI. A total of eight patients died due to septic
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Table 1. Demographic Characteristics of Patients in Pediatric Intensive Care Unit Between October 2016 - March 2018*

Number of Patients All Patients in PICU (n = 447) Patients Having AKI (n=111)
Gender
Male 243(54.4) 69(62.2)
Female 204(5.6) 42(37.8)
Reason for hospitalization
Respiratory System Disease 159 (35.6) 19 (17.1)
Neurologic Diseasse 73(16.3) 9(8.1)
Sepsis 59(13.2) 35(31.5)
Cardiovascular Disease 28(6.3) 15 (13.5)
Intoxication 45(10.1) 1(0.9)
Hematologic/Oncologic Disease 16 (3.6) 10 (9.0)
Trauma/Surgery 15(3.4) 5(4.5)
Others 53 (11.9) 17(15.3)
Age,y 3.74 £ 4.70 4.53+523
Duration of stay in PICU, d 732 £10.29 10.66 £ 10.55
Inotrophic medication 99 (22.1) 61(55.0)
Nephrotoxic medication 168 (37.6) 40(36.0)
Continious renal replacement therapy 50 (11.2) 45(40.5)
Invasive mechanical ventilation 122 (27.3) 53(47.7)
Noninvasive mechanical ventilation 204 (45.6) 45(40.5)
PRISM-III Score 11.66 £ 10.15 1520 £12.34
Plasma exchange 14(3.1) 11(10.0)
Blood component transfusion 160 (35.8) 70 (63.1)

Death

14 (3.1) 13(11.7)

Abbreviations: SD, standard deviation; PICU, pediatric intensive care unit; PRISM, pediatric risk of mortality.

? Data are expressed as No. (%) or mean = SD.

Table 2. The pRIFLE Criteria and the Outcome of the Patients®

Rate (n=111) CRRT (n=45) Death (n=13)
Risk 58(52.2) 4(8.9) 0(0)
Injury 33(29.7) 21(46.7) 2(15.4)
Failure 20 (18.0) 20 (44.4) 11(84.6)

2 Data are expressed as No. (%).

shock and multiorgan failure, three patients had termi-
nal state malignancy, one patient had congenital heart dis-
ease, one patient had sudden infant death, and one patient
had brain edema secondary to metabolic disease. In total,
13 of the 14 patient who died used to recieve CRRT.

There was a statistically significant relationship be-
tween AKI and duration of hospitalization in the intensive
care unit and mortality. P values were P < 0.001, P < 0.001.
The mean duration of ICU stay was 10.66 4 10.55 days for

Nephro-Urol Mon. 2018;10(6):e83423.

patients with AKI compared to 8.31 & 6.46 days for those
without AKI.

There was a statistically significant relationship be-
tween AKI and the age, gender, IMV support, inotropic and
nephrotoxic drug use, PRISM-III scores, CRRT, blood com-
ponent transfusion, and plasma exchange. P values were
P =0.038, P=0.045, P < 0.001, P < 0.001, P < 0.001, P <
0.001, P < 0.001, P < 0.001, P < 0.001, respectively (Table
3). There was no statistically significant difference in terms
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of concomitant infection, NIV, duration of IMV, and NIV. As
compared in terms of laboratorylevels atadmission of ICU,
there was a statistically significant relationship between
AKI and platelet number and procalcitonin, C-reactive pro-
tein, serum magnesium, calcium, and lactate dehyroge-
nase levels. P values were P < 0.001, P < 0.001,P < 0.001, P
=0.009,P=0.036,and P =0.042, respectively (Table 3).

The odds ratios and relationship between prognos-
tic factors and AKI were calculated by logistic regression
models (Table 4). The odds ratio was 12.66 for plasma
exchange and AKI. Inotrophic medication, blood compo-
nent transfusion, hypomagnesemia, mechanical ventila-
tion, and nephrotoxic medication were the parameters
having high odds ratios.

4. Discussion

Acute kidney injury (AKI), previously called acute re-
nal failure, is the reversible loss of kidney function char-
acterised by decline in the glomerular filtration rate, in-
crease in the blood concentration of creatinine as well as
nitrogenous waste products, and deteriotation of fluid and
electrolyte homeostasis (6, 7). AKI is associated with in-
creased mortality, prolonged hospital stay, and increased
hospital charges. The AKI is an independent risk factor in
the worse prognosis of critically ill patients. In a recent
study of 8260 patients, the mortality rate was 25.3% for the
patients who developed AKI and 2.7% for those who did not
develop AKI (8).

The incidence of AKI has been reported to increase in
critically ill patients over the past two decays. The RIFLE
and Acute kidney injury network (AKIN) classifications are
the two recently described standardized definitions of AK]I,
which provides physicians to be awake of the AKI (9, 10).
The increase of the incidence may be due to the early recog-
nition of AKI by the help of these new classification meth-
ods rather than the improvements in laboratory and dial-
ysis opportunity (11). The two diagnostic criteria both use
the serum creatinine and urine output levels rather than
the underlying etiologic cause. The validity of two meth-
ods has been investigated in various studies. These cri-
terias were found to be significantly associated with in-
creased need for RRT, prolonged duration of recovery of re-
nal functions, and the length of hospital stay and mortal-
ity. Even small increases in serum creatinine level (> 0.3
mg/dL) showed a significant effect on mortality of the crit-
ically ill patient (5, 12-14).

As amore updated definition, the KDIGO is also used in
staging the AKI (15). There are many studies, both in adults

and children, comparing the superiority of these classifi-
cation methods. Bastin et al. compared the criteria in 1881
adults and reported that the AKIN and KDIGO better cor-
related with the mortality rather than RIFLE (16). In con-
trast, Fujii et al. reported that RIFLE and KDIGO indicated a
better mortality differentiation than AKIN in 50000 adult
patients (17). Zappitelli et al. studied the eligilibity of the
criteria in children and reported the pRIFLE definition was
more sensitive for AKI detection (18). However, three crite-
ria have different advantages and there is not a clearly de-
fined consensus regarding which criteria to prefer in chil-
dren. The pRIFLE citeria was used in our study.

Different results had been reported regarding the inci-
dence of the AKIin children in various studies. The highest
result was in the study of Akcan-Arikan et al. with the 82%
incidence according to pRIFLE criteria (5). In the present
study, 24.8% of our patients developed AKI, similar to the
reports of Slater et al. and Soler et al. who reported 23.7%
and 27.4%, respectively (19, 20). The pRIFLE criteria was used
in both reports, which were the same as our study. The dif-
ference in reported rates of AKI may be due to the differ-
ences in profile of the study populations, the inclusion cri-
teria, and the conditions as well as the enviroment of the
ICU.

The frequent use of nephrotoxic drugs along with the
solid organ and bone marrow transplantations and im-
proved medical therapies in congenital heart diseases, sep-
sis, and septic shock may also have lead to the increase of
AKI (21). Despite many recent developments in treatmant
modalities and the usability of RRT in the ICU, the mortal-
ityand the morbidity of the AKI s still so high. On the other
hand, though it is potentially reversible, AKI is an impor-
tant source of chronic renal failure. Early identification of
the factors affecting the prognosis and intervention with
effective and rapid treatment approaches will contribute
to decrease mortality and morbidity in AKI. Sepsis was the
most important underlying cause of AKI. The mortality of
patients was also significantly associated with AKI. The AKI
increases the mortality3.408 times according to logistic re-
gression analysis. Plasma exchange was usually performed
for patients with septic shock having thrombocytopenia
associated multiorgan failure. Therefore, the risk of AKI
was high in patients who used to need plasma exchange.

The younger age, sepsis, shock, need for mechanical
ventilation, vasoactive drugs, and exposure to nephrotoxic
drugs are the most commonly reported underlying risk
factors of the AKI. The PRISM-III score, mechanical venti-
lation, the inotrophic and nephrotoxic medication, the
length of hospitalization in ICU, CRRT, blood component
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Table 3. The Comparision of Risk Factors of Patients Developing Acute Kidney Injury

AKI Developed (n=111) AKI not Developed (n=336) P
Gender 0.038
Male 69 (62.2) 174 (51.8)
Female 42(37.8) 161(47.9)
Age,y 4.53£523 3.50 £ 4.49 0.045
Invasive mechanical ventilation 53(47.7) 69(20.5) < 0.001
Inotrophic medication 61(55.0) 38 (11.4) < 0.001
Nephrotoxic medication 40(36.0) 53(15.8) < 0.001
Noninvasive mechanical ventilation 45(40.5) 159 (47.3) 0.145
Death 13 (11.7) 1(0.0) < 0.001
Duration in PICU 10.66 £ 10.55 6.21+7.34 < 0.001
PRISM-III score 1520 1234 8311 6.46 < 0.001
Duration of mechanical ventilation, d 11.75 £19.25 6.96 £ 8.07 0.070
Duration of noninvasive mechanical ventilation 4.00 £3.01 3.75 £3.99 0.696
Concommitant Infection at admisssion 78(70.3) 225(66.9) 0.314
> 7days hospitalization 49 (44.) 100 (29.8) 0.004
Laboratory findings at admission
Leucocyte number, [uL 13501 &£ 9202 13164 + 7292 0.704
Procalcitonin, ng/mL 30.08 £ 3878 4.02£15.21 < 0.001
C-reactive protein, mg/L 74.06 1 96.61 38.35 1 60.83 < 0.001
Platelet number, [uL 262688 + 189984 369612 £ 170217 < 0.001
Magnesium, mg/dL 2.04 £ 056 220+ 0.40 0.009
Clorine, mmol/L 10432 =+ 8.67 101.68 % 6.15 0.140
Sodium , mmol/L 137.39 £+ 7.14 137.72 £ 5.47 0.811
Calcium, mg/dL 8.86 £1.46 9.40 1 0.86 0.036
Alanine aminotransferase (ALT), U/L 67.69 +102.68 64.22 £ 22339 0.940
Lactate dehidrogenase (LDH), U/L 644.81 £ 398.52 440.59 1 386.29 0.042
Continious renal replacemet therapy 45(40.5) 5(1.5) < 0.001
Blood component transfusion 70 (63.1) 90 (26.8) < 0.001
Plasma exchange 11(10.0) 3(0.09) < 0.001

Abbreviations: AKI, acute kidney injury; PICU, pediatric intensive care unit; PRISM, pediatric risk of mortality.

transfusion, and plasma exchange were the parameters
that increased the frequency of AKI in our report. We
also experience statistical difference in terms of age and
the gender in development of AKI the same as the report
of Mehta et al. and Willims et al. who demostrated the
younger age and Gupta et al. who demonstrated female
gender as risk factors of the AKI (22-24). Herein, male gen-
der was a risk factor of AKI as Al-Jboor et al. declares (25).

The relationship between the need for mechanical ven-
tilation and renal functions had been studied in many
studies. The decrease in the cardiac output and renal blood

Nephro-Urol Mon. 2018;10(6):e83423.

flow during the MV is already known. The vasopressor us-
age and the MV were reported to lead to AKI in a study
involving 60338 critically ill patients in Taiwan (26). In
an other retrospective study, prolonged hospitalization
time in ICU, prolonged MV usage, and increase in mortal-
ity were reported to be related with the AKI (27). Same as
the previous reports, we also determined the usage of in-
otropic drugs and the MV were more common in patients
who developed AKI. When logistic regression analysis was
performed, inotrophic drug usage increased 5.163 times
and mechanical ventilation support increased 3.523 times.
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Table 4. Risk Factors of Acute Kidney Injury in Critically Ill Children (Logistic Regression Models)

Risk PValue 0Odds Ratio 95% CI
Gender 0.044 1742 1.016-2.988
Concomitant infection 0.544 1156 0.725-1.842
Mechanical ventilation < 0.001** 3.523 2.231-5.563
Noninvasive mechanical ventilation 0.243 0.771 0.498-1.193
Inotrophic medication < 0.001** 5.163 2.664-10.009
Blood component transfusion 0.954 1.026 0.432-2.436
Plasma exchange hiponatremi < 0.001* 12.660 3.461-46.307
Nephrotoxic medication < 0.001* 2.987 1.837-4.857
Hypomagnesemia < 0.001* 4.705 2.474 - 8.947
Hypocalcemia < 0.001* 4.931 2.991-8.130
Hospitalization more than 7 days 0.075 1.829 0.941-3.555
Mortality < 0.001* 3.408 0.003-0.175

Abbreviation: CI, confidence interval.

However, we did not demonstrate any statistical correla-
tion between the development of AKI and NIV use.

The sepsis is a well-established risk factor for the devel-
opment and poor prognosis of AKI. Severe AKI is reported
nearly in 20% of patients presenting with sepsis. The mor-
tality of the septic AKI is reported to be three times higher
when compared with nonseptic AKI in adults (28).

The sepsis associated AKI is also assumed to proceed
chronic renal failure more frequently (28). We could
not determine any statistically significant relationship be-
tween the accompanying infection and the development
of AKI, however, initial procalcitonin and CRP levels at ad-
mission to PICU were higher in patients with AKI. The odds
ratio was 1.156 for concomitant infection.

The nephrotoxic drugs had been reported to increase
the frequency of AKI in several studies (19). They are estab-
lished as the third most common cause of the AKI in PI-
CUs. We had to use 168 nephrotoxic drugs (37.6%) during
the course of the study and the rate of the AKI was more in
these patients (P < 0.001). Consistent with the other stud-
ies, the rate of the AKI was more common in patients who
used amikacin and vancomycin. After this study, we started
to be more aware of using nephrotoxic drugs in our clinic.

The duration of the ICU need was two times more in
patients who developed AKI. Chertow et al. reported that
each 0.5 mg/dL increase in creatinine level has prolonged
the ICU need day by approximately 3.5 days (29). The pro-
longed hospitalization is known to increase the mortality
and the hospital charges, especially since the hemodialy-
sis and RRT increase the hospital costs considerably. In the

current study, patients who developed AKI had a longer du-
ration of hospitalization in ICU (P < 0.001). CRRT, plasma
exchange and blood componenet transfusion were also
more common in patients with AKI.

Alves and colleagues reported in their study of 232 pa-
tients that hypomagnesemia is an independent risk factor
for non-recovery of the renal function in critically ill pa-
tients with acute kidney injury (2). We also determined
a significant relationship between hypomagnesemia and
deterioration of renal functions. The AKI and CRRT were
more common in patients with hypomagnesemia. Lastly,
there was a statistically significant relationship between
AKI and the initial platelet, calcium, and lactate dehidro-
genase levels.

In conclusion, we tried to emphasize that AKI is a com-
mon clinical condition among the critically ill children.
AKlisalso closelyrelated with the mortality and prolonged
hospitalization. It is important to early recognize the risk
factors leading to AKI and timely intervente to reduce hos-
pital cost and patient mortality of AKI.

There are some limitations of our study. First, our study
is a retrospective and single-centered study. Second, we
do not have the cardiovascular surgery, bone marrow, and
solid organ transplantation units in our hospital. Third,
we only used the pRIFLE citeria and did not compare it
with others, however, an apparent consensus regarding to
which criteria to use in AKI definition in children is not
yet notified. There is a need for prospective and multicen-
ter studies involving more patients to define incidence and
the prognostic factors of AKI in PICU.
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