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ABSTRACT

Introduction. Acute kidney injury is a common
complication associated with an increase in
mortality in children whorequire intensive care.
The objective of this study was to determine the
incidence of acute kidney injury and identify
risk factors for mortality in critically ill patients
hospitalized in our facility.

Patients and Methods. This was a prospective
and observational study conducted at the
Intensive Care Unit (ICU) of Hospital Pedro de
Elizalde between 2005 and 2009. All patients
with acute kidney injury were included, and
those with chronic renal failure, prerenal acute
kidney injury, hepatorenal syndrome, newborn
infants, and postoperative cardiovascular
surgery patients were excluded.

The sample was divided into survivors and
deceased patients so as to identify risk factors
for mortality using univariate and multivariate
analyses, taking their clinical characteristics as
predictive variable, and death at the ICU as the
outcome variable.

Results. Out of 1496 patients, 66 developed
acute kidney injury (4.4%). The cause was
secondary in 72.8% of cases, and due to primary
kidney disease in 27.2% of cases. Mortality rate
was 44% (29 patients). The univariate analysis
showed that the presence of anuria (p= 0.0003;
OR: 7.01; 95% CI: 2.3-21.35) and the need of
dialysis (p= 0.0009; OR: 6.35; 95% CI: 2.03-9.88)
were significantly higher in deceased patients.
The multiple regression analysis identified that
the need of dialysis (p = 0.0002; OR: 5.94; 95%
CI: 1.85-19.04) was an independent risk factor
for mortality.

Conclusions. The incidence of acute kidney
injury in critically ill children was 4.4%, and the
need of dialysis was an independent predictor
of mortality.
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INTRODUCTION

Critically ill children have a higher
probability of developing acute
kidney injury.!

Approximately 5-12% of children
hospitalized in an intensive care unit
(ICU) have different degrees of acute

kidney injury.'?

In spite of the advances made in
the knowledge of this condition’s
pathophysiology and the use of
modern techniques to substitute
kidney function, acute kidney injury
continues extending length of stay,
elevates costs of care and, above all, is
associated with increased morbidity
and mortality in these patients.'**

This situation has promoted
the conduction of different studies,
especially in developed countries,
with the purpose of identifying risk
factors for mortality in critically ill
children with acute kidney injury.**

Initially, the lack of a consensus
definition of acute kidney injury
resulted in a wide variation in the
incidence and mortality observed in
the reported studies, thus making it
hard to make comparable conclusions
between the different sites.>**

In 2004, the Acute Dialysis Quality
Initiative (ADQI) proposed to replace
the term “failure” by “injury” so that
physicians could focus on the early
detection of kidney injury and thus
prevent failure, the end stage of injury.

As a result, a classification was
agreed upon for adult patients with
acute kidney injury under the RIFLE
criteria (risk, injury, failure, loss, end
stage kidney disease), taking into
account two parameters to define
acute kidney injury: glomerular
filtration rate and urine output.!

These criteria were subsequently
validated and adapted for pediatric
patients.!>!?

Given that the causes of acute
kidney injury vary from one country
to the other?* and that, as far as we
know, there are no local data available,
we conducted this prospective and
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observational study with the following objectives:
1) to determine the incidence of acute kidney
injury in children admitted to our hospital’s ICU
and 2) to identify, in an exploratory manner, risk
factors for mortality in critically ill children with
acute kidney injury.

PATIENTS AND METHODS

This prospective and observational study
included all children aged from 1 month to 18
years old with acute kidney injury during their
hospitalization in the ICU of Hospital General de
Ninos “Pedro de Elizalde” between October 2005
and September 2009.

The following patients were excluded: 1)
newborn infants and postoperative cardiovascular
surgery patients because they are more
susceptible to developing acute kidney injury;*'*'®
2) children with chronic renal failure, defined as
a glomerular filtration rate lower than normal for
their age, as per Schwartz formula, for more than
three months;'¢ 3) children with prerenal acute
kidney injury, defined as a glomerular filtration
rate lower than normal for their age and urinary
density 1025 in the first-void urine, with a diuretic
response to fluid or inotropic agent infusion
for improving cardiac output within 4 hours of
admission to the ICU;%!” and 4) children with
hepatorenal syndrome, defined as a glomerular
filtration rate lower than normal for their age
in patients with advanced liver failure, and no
parenchymal renal disease, hypovolemia, shock,
infection or nephrotoxicity, with no improvement
following volume repletion.'®

Death in the ICU was the outcome variable.
Predictive variables were: age, sex, weight, height,
minimum glomerular filtration rate, systemic
infection, multiple organ failure, presence and
length of anuria, need of dialysis, complications
of dialysis, malnutrition, mechanical ventilation
(MV) requirement, inotrope requirement, and
length of stay at the ICU. All patients were
managed by the same medical team (intensivists
and nephrologists) and following the same
therapeutic regimen.

Definitions

Acute kidney injury: presence of an
estimated glomerular filtration rate <50% for
age, independently from diuresis, as per the
pediatric RIFLE criteria.’*" The creatinine level
was measured using the Jaffe method and
the glomerular filtration rate was determined
using the Schwartz formula (height in cm x K/

creatinine [mg/dL], where K= 0.45 in infants
aged 0-12 months old; 0.55 in female children
and adolescents, 0.55 in male children aged 1-13
years old, and 0.70 in male adolescents aged 13-
18 years old).®

Systemic infection: documented bacteremia,
known source of infection, or at least two of the
following findings: idiopathic hyperventilation
or hypotension, fever higher than 38 °C, or
leukocytosis over 15 000/ mm.>*

Multiple organ failure: failure of three or more
organs, excluding the kidney.®

Anuria: no urine output for a period of 24
hours.®

Malnutrition: patients with a Z-weight score
under 2 standard deviations (SD).*!

Indication for dialysis: severe metabolic acidosis
or hyperkalemia refractory to medical treatment,
volume overload and anuria for more than 24
hours.

Selection of dialysis modality: in infants and
toddlers, the selected method was intermittent
peritoneal dialysis, unless they had required an
extensive abdominal surgery in the previous
48 hours or were hemodynamically unstable.
Hemodialysis was used in children with a weight
of more than 30 kg and hemodynamically stable,
and continuous veno-venous hemodiafiltration
was used in hemodynamically unstable children,
not with standing their weight and age.

Complications of dialysis: internal environment
disorders and infectious complications (peritonitis
or vascular line-associated infections) were
included.

Other complications, such as clotting of the
dialysis device, filter rupture, or peritoneal
catheter dysfunction were not included because,
in general, they are not life-threatening.

Awverage length of stay in the ICU: period starting
with admission to the ICU and ending on the
day of death or discharge to a lower level of care
within the hospital.

The study was approved by the Teaching and
Research Committee and the Ethics Committee
of Hospital General de Nifios “Pedro de Elizalde”,
and all children were included in the study once
their parents or adult caregiver had signed the
informed consent form.

Statistical Analysis

The sample size was calculated taking into
account that approximately 300 patients are
discharged every year from the hospital’s ICU
and that the reported prevalence of acute kidney
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injury ranges from 5% to 12%.%"* Therefore, it was
estimated that around 1500 patients would be
included throughout the study duration (5 years)
in order to identify at least 67 children with acute
kidney injury with a 90% confidence level. This
sample would allow to identify the risk factors
strongly associated with mortality (odds ration
>6).

For analysis purposes, the sample was divided
into two groups: survivors and deceased patients.
Continuous outcome measures did not have
a normal distribution, so they were expressed
as median (range), while categorical outcome
measures were reported as absolute number of
cases or percentage. The univariate comparison
between groups for risk factors for mortality
was performed using the Wilcoxon test for
continuous outcome measures, and the % test or
Fisher’s test for categorical outcome measures,
as applicable. Variables with a value of p <0.2
in the univariate analysis were included in a
multivariate logistic regression model in order
to identify independent risk factors for mortality
in critically ill children with acute kidney injury.
Risk factors for mortality were quantified using
odds ratio (OR) and their corresponding 95%
confidence intervals (CI), and a value of p <0.05
was considered significant.

Data were analyzed using the Statistix 7
software (IBM version; Analytical Software,
Tallahasee, FL).

RESULTS

Throughout the study period, 1496 patients
were hospitalized in the hospital’s ICU; out
of them, 66 developed acute kidney injury,
accounting for an incidence of 4.4%. This group
included 37 male children and 29 female children,

with a median age of 2.4 years old (0.08-17.7).

Etiology was classified as renal (when the
primary cause was the kidney) or extrarenal
(when the kidney was secondarily affected by an
extrarenal cause): 18 patients had a renal etiology
and 48, extrarenal.

The most common pathology in the first group
was hemolytic uremic syndrome, while in the
second group, sepsis was more frequent (Table 1).

Mortality in the total studied population
was 11.8% (177 patients), whereas mortality in
children with acute kidney injury was 44% (29
patients). In this group, the immediate causes of
death were multiple organ failure (16 patients),
septic shock (10 patients), and respiratory distress
(3 patients).

At the same time, only 9 (24.3%) of the
surviving patients with acute kidney injury had
recovered a normal renal function (glomerular
filtration rate >90 mL/min/1.73 m?) at the
moment of discharge from the ICU.

In relation to the dialysis modality, out of the
22 patients requiring renal function replacement,
12 were treated with acute peritoneal dialysis,
3 with hemodialysis, and 4 with continuous
hemodiafiltration. In three cases, more than
one modality was used: two cases were first
treated with hemodiafiltration and then with
hemodialysis, and the third case was treated with
peritoneal dialysis in addition to the other two
modalities.

In order to establish the risk factors for
mortality, the sample was divided into two
groups: survivors (n= 37) and deceased patients
(n=29). In the comparison between both groups,
the presence of anuria (p= 0.0003; OR: 7.01;
95% CI: 2.3-21.35) and the need of dialysis
(p= 0.0009; OR: 6.35; 95% CI: 2.03-9.88) were

TaBLE 1. Etiology and clinical course in 66 critically ill children with acute kidney injury

Etiology Survivors (n= 37) Deceased patients (n= 29) Total (n= 66)
Sepsis 18 18 36
Systemic lupus erythematosus 3 3 6
Cancer 0 8 8
Typical hemolytic uremic syndrome 10 0 10
Atypical hemolytic uremic syndrome 2 0 2
Porphyria 1 0 1
Metabolic disorder 1 0 1
Nephrotic syndrome 1 0 1
Hemophagocytic syndrome 1 0 1
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significantly higher in the deceased patient
group. On the contrary, there were no differences
in terms of age, sex, weight, height, minimum
glomerular filtration rate, systemic infection,
multiple organ failure, length of anuria, length
of dialysis, complications of dialysis, presence of
malnutrition, MV requirement, need of inotropes,
and length of stay in the ICU (Table 2).

Then, variables with a value of p <0.2 in the
univariate analysis were incorporated into a
logistic regression model, excluding the variable
“presence of anuria” because it was directly
related (phi coefficient of 0.91) to the need of
dialysis.

Therefore, the multivariate analysis included
the following variables: age, weight, height, and
need of dialysis. As a result, only the need of
dialysis continued to appear as an independent
risk factor for mortality in critically ill children
with acute kidney injury (p= 0.0002; OR: 5.94; 95%
CI: 1.85-19.04) (Table 3).

DISCUSSION

The incidence of acute kidney injury in the
critically ill patients of our hospital during the
study period was 4.4%. In other studies, the
incidence varied between 2% and 15%, which
reflects the differences in the characteristics of
the patients assisted at the different sites.>*%% In
our study, the incidence was lower than in other
studies probably because newborn infants and
postoperative cardiovascular surgery patients,
who have a higher risk of acute kidney injury,
were excluded.***

The etiology was a primary kidney pathology
in 27.2% of the cases, while it was caused by
extrarenal conditions in 72.8%, and this is
consistent with the findings of other studies.>**
As described by other authors, sepsis was
the most common etiology of acute kidney
injury.®* Besides, it is worth mentioning that in
our series there was a high number of patients
diagnosed with diarrhea-associated hemolytic

TABLE 2. Risk factors for mortality in 66 critically ill children with acute kidney injury. Univariate analysis

Outcome measure Live patients (n= 37) Deceased patients (n= 29) P
Sex (M/F) 19/18 18/11 0.38
Age (years) 1.75 (0.08-17.25) 4.36 (0.33-17.75) 0.07
Weight (kg) 10.800 (3-66) 15 (4-62) 0.14
Height (cm) 82 (53-165) 95 (55-168) 0.12
Infection 35 28 0.7
Multiple organ failure 24 16 0.42
Mechanical ventilation 26 19 0.68
Inotropes 22 19 0.61
Malnutrition 6 8 0.26
Minimum glomerular filtration rate (mL/min/1.73 m?) 30 (8-49) 27 (4-50) 0.28
Anuria 7 18 0.0003
Length of anuria 3 (1-11) 4 (1-37) 0.66
Need of dialysis 6 16 0.0009
Length of dialysis 4.5 (2-9) 4 (1-37) 0.65
Complications of dialysis 7 4 0.74
Length of stay in ICU (days) 7 (2-70) 7 (2-50) 0.31

Data are expressed as median (range) or number of cases, as applicable.

TaBLE 3. Risk factors for mortality in 66 critically ill children with acute kidney injury. Multivariate analysis

Outcome measure p Odds ratio 95% confidence interval
Need of dialysis 0.002 5.94 (1.85-19.04)
Age (years) 0.99 1 (0.75-1.34)
Weight (kg) 0.25 0.95 (0.87-1.04)
Height (cm) 0.34 1.03 (0.97-1.08)
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uremic syndrome, an expected finding due
to the elevated incidence of this condition in
Argentina.”

Mortality rate in critically ill children with
acute kidney injury varies greatly between
studies, from 25% to 80%; in our study, it was
44% 24682224 In general, mortality is primarily
determined by the underlying disease and the
associated hemodynamic instability. Therefore,
when the kidneys are affected by sepsis or
multiple organ failure, the prognosis turns
grim; however, when the injury is caused by
a primary renal pathology with no systemic
involvement, the prognosis is more favorable.®®
In agreement with this, all the deceased patients
in our study had acute kidney injury secondary
to an extrarenal pathology.

Given the known high mortality rate of
critically ill children with acute kidney injury,
it is pertinent to identify the predictive factors
of a poor prognosis to detect those who should
receive preventive and specific measures before
acute kidney injury develops. These measures
include maintaining an adequate renal perfusion
pressure, avoiding nephrotoxic drugs, attacking
infections, and ensuring that the patient has an
adequate renal perfusion pressure, oxygen supply
and nutrition."'** In our patients, based on the
univariate analysis, the presence of anuria and
dialysis requirement were significantly associated
with mortality, a finding also observed by other
authors.”®

Bresolin, et al. reported that the risk of
mortality increased 1.9 times when anuria
developed, and 3.76 times when dialysis was
needed;® in our study, such risk went up 7 and
6.35 times, respectively. Both variables, which are
directly related, are suggestive of advanced renal
impairment and usually reflect the severity of the
underlying disease,® although mild presentations
of acute kidney injury could also have an impact
on the mortality and morbidity of the patients.*

The multivariate analysis showed that the
need of dialysis was the only independent risk
factor for mortality. Fifty five percent of dialysis
patients died, a finding similar to that of other
series.”® It has been proposed that starting
dialysis early is associated with an improved
prognosis because it avoids the complications of
acute kidney injury,” especially hypervolemia,
identified as an independent risk factor for
mortality in children.?”?® In support of this
observation, Plotz, et al. reported that a rapid
initiation of dialysis, within 24 hours of oliguria

or anuria onset, has been associated with a higher
survival in sepsis patients with acute kidney
injury.”

Although recognizing the need of dialysis
as a predictor of mortality is of prognostic
significance, this clinical condition implies an
advanced renal impairment, when it is no longer
possible to take preventive measures. In our
study, the diagnosis was based on the reduction
of the glomerular filtration rate, which in turn
depends on the increase of plasma creatinine.®
However, the blood creatinine level is considered
to be a late parameter with little sensitivity for
the diagnosis of acute kidney injury because
the creatinine level is influenced by body mass,
sex, age, and the underlying pathology; in
addition, even small increases in the creatinine
level (0.3 mg/dL) reflect a severe kidney injury
associated with a poor prognosis.' At present,
in order to detect acute kidney injury early,
several urine and plasma biomarkers have been
identified, which are more sensitive and faster
than plasma creatinine, but their clinical use is
still experimental.'”*?!

This study had some limitations that are worth
mentioning. First of all, the underlying condition
of the deceased patients was different from that
of survivors, and this could have influenced their
likelihood of dying; however, the number of
included patients is not enough to confirm such
assumption. In addition, the sample size had an
optimal power to identify only the conditions
strongly associated with mortality, and other
diseases with a weaker association could have
been overlooked; therefore, the analysis of risk
factors for mortality should be regarded as
exploratory and needs to be validated by other
studies including more patients.

Finally, the study was conducted in a single
site and this could have led to an involuntarily
selection of patients with pathologies usually
seen in our hospital; however, this effect could
have been lessened because many of the patients
admitted to the ICU are referred from other health
facilities and because the study’s prospective
design allowed for an analysis of all hospitalized
patients throughout the study.

One last consideration to be made in relation
to surviving patients is that they have a high risk
of long-term renal complications.** Askenazi* and
Hui-Stickle? reported that between 34% and 50%
of children with acute kidney injury developed
chronic renal failure during follow-up. Ball and
Kara® observed that 40% of children requiring
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dialysis due to acute kidney injury had kidney
alterations at the time of hospital discharge. In
our study, 75% of the surviving patients were
discharged from the ICU with renal impairment,
and such finding highlights the importance
of long-term follow-up in children with acute
kidney injury.

To sum up, the incidence of acute kidney

injury in our critically ill patients was 4.4%,
with a mortality of 44%. Acute kidney injury
in all deceased patients had been caused by an
extrarenal pathology, and the need of dialysis was
the best predictor of mortality. m
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