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Abstract

Recent literature data has shown that acute kidney injury (AKI) is a common occurrence in critically ill children and that it is associated with
high rates of morbidity and mortality, even after adjusting for other risk factors. In addition, it can result in long-term sequelae translated by the
development of arterial hypertension, microalbuminuria and chronic renal dysfunction. High degree of suspicion, early diagnosis based on the rec-
ognition of patients at risk and the use of new criteria for the diagnosis and classification of AKI and, whenever possible, using the new biomarkers
can positively alter the prognosis of these patients. Although there is still no specific treatment for AK], it is recommended to focus on the immediate
institution of preventive measures in order to maintain renal hemodynamics, early treatment of septic patients, elimination of exogenous nephro-
toxins, recognition and management of patients with AKI secondary to high levels of endotoxins, control and normalization of volume after the initial
phase of fluid resuscitation, sufficient nutritional support, and recognition and treatment of the underlying causes are necessary. Patients that fail

with conservative care will need renal replacement therapy.
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Introduction

AKI commonly occurs in critically ill children, and its incidence
has increased globally in recent years. Evidence demonstrates a
significant association between AKI and morbidity and mortality
in the acute phase and an association with long-term nephrological
sequelae.! For the past 15 years, advances in research on AKI have
allowed us to recognize that even small renal function changes,
previously considered insignificant, may negatively impact. Short-
term impact on length of stay and mortality and development of
long-term renal dysfunction with microalbuminuria, proteinuria,
arterial hypertension and impaired renal function.! Mortality rates
remain relatively high and range from 10% uncomplicated cases
to 80% complicated cases requiring renal replacement therapy.?
In epidemiological terms, the prospective observational “AWARE”
study, carried out in 2014, including children aged 3 to 25 years
admitted to 32 intensive care units (ICU) in Asia, Australia, Europe,
and North America, demonstrated a global incidence of 26.9% AKI

among 4,683 children, 11.6% were considered with severe AKI
(KDIGO 2 or 3). Patients with severe AKI had an odds ratio adjusted
for mortality of 1.77 (CI 1.17-2.68) and a mortality rate of 11% ver-
sus 2.5% (p <0.001) for patients without severe AKI.*

Since the kidney is the central mediator of host homeostasis,
the aberrant renal function will impact systemic health. Recent
findings in the literature demonstrate that in addition to the obvi-
ous consequences associated with AKI, such as slag accumulation,
hydro electrolytic, and acid-base disorders, some other effects are
less apparent. AKI may also be involved with prognostic factors as
impaired immunity, multiple organ dysfunctions (cross-talk), and a
high degree of fluid overload (FO).>* Unquestionably, monitoring,
recognizing patients at risk for AKI, early diagnosis, and investiga-
tion are essential to reverse the kidney injury process and institute
therapeutic measures to protect and prevent new injuries.® In this
context, the importance of early diagnosis can be exemplified in a
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study by Sood et al.,” This study included 5,000 patients from 28
services in Canada, the USA, and Saudi Arabia demonstrated that
the improvement or even reversal of AKI during the first 24 hours
has a significant association with a better prognosis. The same con-
clusion reported in a recently published meta-analysis that includ-
ed eight studies on AKI prognosis and duration demonstrated an
increased relative risk (RR) of death for patients with longer AKI
duration, regardless of the KDIGO stage of AKI classification.? In pa-
tients with a period less than or equal to two days, the RR of death
was 1.42 (95% CI 1.21-1.66), lasting from 3 to 6 days RR 1.92 (95%
CI 1.34 -2.75) and duration greater than or equal to 7 days RR 2.28,
(95% CI 1.77-2.94). The authors concluded that the longer dura-
tion of AKI is associated with mortality and cardiovascular risk and
evolution to chronic renal dysfunction.®

Suspect the occurrence of AKI

What does it mean “suspect” for the occurrence of the AKI?
Suspecting should be translated as developing a high degree of
suspicion for the possibility of AKI since the clinical picture of AKI
is, in most cases, highly nonspecific and usually multifactorial.'? A
complete anamnesis and physical examination are essential. Count-
less conditions can result in AKI, such as different types of shock,
sepsis, oncological complications, postoperative of cardiac surgery
and major surgeries, significant burns, nephrotoxicity, and system-
ic diseases. Less frequent causes of AKI in children are vasculitis,
accidents with venomous animals; renal impairment secondary to
cross-talk between heart, lung, brain, intestine, liver, and kidneys;
water overload; and an excess filtered load of endogenous sub-
stances as uric acid, myoglobin, and hemoglobin. Anoxia in new-
borns (NB), especially premature and very low birth weight, is
highly prone to AKI due to renal immaturity. Babies with perinatal
asphyxia are a high-risk group for AKI affects up to 60% of these
patients because the kidneys are susceptible to oxygen deprivation.
After hypoxemia, vasoconstriction mediated by adenosine release
and decreased glomerular filtration rate (GFR) occurs. Adenosine
receptor antagonists can inhibit this effect (e.g., theophylline ad-
ministered in the first hour of life).” Concerning cross-talk between
organs, which addresses the fact that the impairment of a given or-
gan can affect distant organs from multiple inflammatory pathways
and increased expression of inflammatory mediators, the possibili-
ty of two-way should be noted.*®

Cardiac impairment may be secondary to renal impairment
(acute or chronic) and vice versa. Renal impairment can affect the
lung, brain, and intestines. The liver and brain impairment (trau-
matic brain injury) can result in AKI, in the same way that induced
fan barotrauma can release cytokines such as interleukins 1,6 and 8
in addition to tumor necrosis factor (TNF) and cause renal tubular
cell apoptosis.!* Common intestinal changes in septic patients can
also trigger and aggravate AKI-induced sepsis.’? Another critical
risk factor for AKI is FO, commonly seen in critically ill patients. FO
can be a clue to the diagnosis of AKI and can also be a cause of AKI
because the kidney is an encapsulated organ with limited capacity
to accommodate excess fluid. If there is FO, there will be an increase
in renal venous pressure, renal interstitial edema, an increase in
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intra-abdominal pressure, a reduction in the glomerular filtration
gradient and renal plasma flow and, consequently, a decrease in
GFR with diuretic resistance and oliguria, worsening the FO due to
an increased supply than a loss in a vicious cycle.'® Other significant
factors are an excess of endogenous filtered load substances such
hyperuricosuria in tumor lysis syndrome (SLT), hemoglobinuria in
patients with massive hemolysis (e.g., secondary to extracorporeal
circulation), myoglobinuria secondary to rhabdomyolysis by mus-
cle crushing; viral infections (e.g., by COVID-19), and electrolyte
disturbances (P and K).!3-15

To exemplify the importance of surveillance, take a look at this
case: a 14-year-old boy suffered a head trauma while running on
a KART. He convulsed on the spot and was treated by Emergency
Mobile Care Service and medicated with a benzodiazepine. Then he
was transferred to the emergency room, where he arrived and pre-
sented another seizure crisis. He was treated and medicated with
benzodiazepine and an attack dose of phenytoin. He received the
entire care protocol for multiple trauma patients, including labo-
ratory and imaging exams, and was referred to the intensive care
unit (ICU) for monitoring (Glasgow coma scale of 7). Cranial com-
puted tomography and abdominal ultrasound were normal. In the
ICU, he presented stable vital data and urine output of 1.2ml/Kg/
hour. Twelve hours after admission, the creatinine was 1.7mg/dL.
After 36 hours of admission, creatinine of 3.4mg/dl and urea of 55
mg/dl. He had AKI according to pRIFLE (66.2% reduction in clear-
ance). After ruling out other causes of AK], the possibility of acute
tubulointerstitial nephritis was raised; phenytoin was suspended,
and pulse therapy with methylprednisolone was promptly started.
After the first pulse, a decline in creatinine and urea levels has al-
ready been observed; 48 hours later, serum creatinine was 2.2mg/
dL. Thirty days later, the patient was discharged from the hospital,
in good general condition, and with renal function restored only
with conservative treatment for AKI. If no diagnosis and treatment
were made, its evolution could be complicated, for example, by the
need to institute renal replacement therapy (RRT).!6%”

Early Diagnosis

The considerations described above reinforce the importance
of surveillance for the possibility of AKI, which the search for ear-
ly diagnosis must accompany. Traditionally, the diagnosis of AKI is
made based on functional markers: reduced diuresis and altered
serum creatinine, both a late consequence of AKI. Specifically con-
cerning oliguria, although it is a good clue to the possibility of AKI,
one should not wait for oliguria to make the diagnosis. AKI can
present with normal, reduced, or even increased urinary output
and, specifically, in cases secondary to nephrotoxicity and neonates
that may have non-oliguric AKI. The urinary output is influenced
by hydration status, diuretics, vasoactive amines, and antidiuret-
ic hormone secretion in stressful situations. In turn, creatinine is
a marker of low sensitivity. It needs time to accumulate before an
increase in serum levels is observed. Ten to forty percent of its val-
ues are eliminated by tubular secretion, which can mask the initial
reduction in the GFR. Their levels may not rise until 25 to 50% of
kidney function has been lost.*
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Furthermore, their generation depends on muscle mass, liv-
er function, and meat supply in the diet. Daily 1 to 2% of muscle
creatine transforms into creatinine at the liver. These factors are
responsible for variations observed between males and females,
between black and white/yellow, vegetarians and non-vegetarians,
bodybuilders, and sedentary individuals. In critically ill patients,
the serum creatinine levels may be falsely reduced in malnourished
patients with muscle hypotrophy, in patients with myopathies, in
individuals who have suffered limb amputation, and liver disease
patients. Also, when we analyze serum creatinine levels, we do so
within a particular volume of distribution. In hypervolemia situ-
ations, not uncommon after fluid resuscitation in critically ill pa-
tients, their levels may be falsely low due to dilution, and the child
may have AKI with low serum creatinine levels1.In neonates, in the
first three days of life, the creatinine serum levels reflect maternal
creatinine. At birth, creatinine levels vary according to gestational
age, and it is necessary to consult normal values (Table 1)."8

Table 1: Values of plasma creatinine at birth vs gestational age (GA)."®

IG (weeks) Creatinine mg/dL (Xmol/L)
23to0 26 0.77 to 1.05 (68.1 t0 92.8)
27t029 0.76 to 1.02 (67.2 to 90.2)
30to 32 0.70 to 0.80 (61.9 to 70.7)
33 to 45 0.77 to 0.90 (68.1 to 79.6)
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Despite all limitations of creatinine and urine output, it is im-
portant to note that in 2012 the new criteria for the diagnosis and
classification of AKI, called KDIGO (Kidney Disease Improving Glob-
al Outcomes) (Table 2),"* were published to improve the overall
results of kidney diseases. According to these criteria, based on
variations in serum creatinine levels and/or in urinary output (the
worst of the two criteria), patients (adults and children) with AKI
are classified into three increasing renal dysfunction levels. New-
borns criteria were validated in 2014, with two stage 1 modifica-
tions: increases greater than or equal to 0.3 in baseline creatinine
or increases in baseline creatinine up to 1.9 then also include urine
output between 0.5 and 1ml/Kg/hour, which differs from the pa-
rameter for children and adults which is <0.5ml/Kg/hour. Also,
about the definition of stage 3, in older children and adults, it is
considered 3 times increase in baseline creatinine or creatinine
acutely greater than 4.0mg/dL, and in neonates, an increase of 3
times in basal creatinine or creatinine acutely greater than 2.5mg/
dL (Table 3).2°2! Serial dosage of creatinine and continuous moni-
toring of diuresis is recommended. Besides urinalysis, must request
the complete blood count, electrolyte dosage, blood gas analysis,
and coagulogram. Imaging exams should include chest X-ray, ultra-
sound of kidneys and urinary tract, and echocardiogram. Additional
tests should be ordered according to the suspected diagnosis (se-
rumcomplement, protein electrophoresis, anti-nucleus factor, LE
cells, ADAMTS13, renal biopsy).

Table 2: Classification of acute kidney injury (Kidney Disease Improving Global Outcomes - KDIGO)."®

AKI Stages Serum creatinine (SCr) Diuresis
1 ¥0.3mg/dl or >150 - 200% of baseline (1.5 to 2 times) <0.5ml/Kg/h for 6 hours
2 >200 - 300% of baseline (>2 - 3 times) <0.5ml/Kg/h >12 hours
o . . .
3 >300% of baseline (>3 times or SCr>4.0mg/dL with sudden Kof <0.3ml/Kg/h for 24 hours or anuria for 12 hours
atleast 0.5mg/dL)

Table 3: Classification of Neonatal Acute Kidney Injury (Kidney Disease Improving Global Outcomes - KDIGO).202!

AKI Stages Definition
0 No significant change in creatinine
1 XSCr by 0.3 mg/dL within 48h or Kin SCr by 150% to <200% from previous trough
2 Xin SCr by 200% to <300% of previous trough
3 Min SCriX¥300% of previous trough or SCriX2.5 mg/dL or RRT

SCr, serum creatinine

The various limitations associated with creatinine levels and
urine output have stimulated the search for new structural bio-
markers (BM) that allow an earlier AKI diagnosis. Several new BMs
are being studied, and some are very promising. However, still lim-
ited by high cost and because they are not widely available. Among
these, we have the BM of glomerular function (cystatin C), BM of
damage and renal tubular repair, BM of inflammation, and BM of
stress stand out. Cystatin C (Cys-C) is a protein synthesized by all
nucleated cells, freely filtered by the glomeruli and, almost wholly,
reabsorbed and catabolized by proximal tubular cells. Concerning
creatinine, it has the advantage that its elevated serum levels di-
rectly reflect the fetal and infant glomerular filtration rate (GFR)
because the placenta does not filter this protein and, in a situation

of impaired glomerular filtration, it accumulates rapidly.?? In addi-
tion to Cys-C, proteomic analyses demonstrate that lipocalin asso-
ciated with neutrophil gelatinase (NGAL) is one of the most highly
induced proteins in the distal nephron segments after ischemic or
nephrotoxic aggression in animals models.?> The urinary (NGAL)
has activity antimicrobial, participates in iron metabolism and in-
flammatory processes, and acts as a growth factor that positively
regulates epithelial proliferation. In the face of tubular ischemia,
there is a large accumulation of NGAL in the blood and urine as a
response to limit tissue damage.”

Another tubular injury marker is kidney injury molecule 1
(KIM-1), a transmembrane glycoprotein undetectable in normal
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kidneys. However, in ischemic and nephrotoxic injury, it is observed
that its levels are high in the apical membrane of proximal tubu-
lar cells, as it is associated with the promotion of epithelial repair
and phagocytosis. There are few studies on the predictive ability of
KIM-1 in premature infants with AKL* In addition to glomerular
filtration markers and tubular injury, there are also inflammatory
markers. Among these, the interleukin-8 (IL-8) is a cytokine pro-in-
flammatory agent that acts as a mediator of proximal tubular injury
and is present in urine after ischemic injury. Studies with asphyxi-
ated RNT demonstrated that urinary levels of NGAL and IL18 on the
first day of life are significantly higher in those who developed AKI
and that elevated levels of NGAL on the first day were predictive
of mortality in infants with hypoxic-ischemic encephalopathy23.
However, despite the numerous studies on BMs, none of them are
used routinely in clinical practice, and there are still many ques-
tions to be answered. In this context, Jetton and Askenazi?* recently
stated that urinary and serum tests of NGAL and KIM-1 could be
available for bedside use because they are undergoing testing and
review by the US Food and Drug Administration (FDA).

More recently, a proteomic approach has made it possible to
identify the so-called BM of stress, which are markers of interrup-
tion of the cell cycle: the Metalloproteinidase-2 Tissue Inhibitor
(TIMP-2) and the insulin-like growth factor binding protein (IG-
FBP7) that are expressed in tubular cells and act through regulato-
ry proteins p27 and p53 to interrupt G1 cell cycle. These BMs rep-
resent a defense mechanism to prevent the division of potentially
damaged cells.! In 2014, the FDA approved nephrochec (which
measures the product of urinary TIMP-2 IGFBP-7 concentrations)
as the first commercial test to predict AKI in critical adults.?® West-
hoffet al. demonstrated in a prospective cohort with 133 patients
aged between zero and eighteen years, undergoing cardiac surgery,
that the IGFBP7 and TIMP-2 product was able to predict the occur-
rence of AKI before azotemia and oliguria (p<0.01) and performed
well in predicting the risk of death in 30 days and three months.
Gocze et al,?® in turn, demonstrated in a prospective study that in-
cluded 107 patients undergoing major surgery, non-cardiac, with a
high risk of AKI (which occurred in 42% of cases) that the product
IGFBP7 and TIMP-2 detected from significantly to patients at risk
of AKI.?” The authors pointed out that due to their rapid elevation,
they facilitate early therapeutic intervention. Chen et al. prospec-
tively studied 237 neonates in the ICU, with urine samples collected
correctly to measure IGFBP7 and TIMP-2, and concluded that they
have a discriminative value for severe AKI in critically ill neonates.?®

However, although recent evidence from clinical studies involv-
ing BM has shown that they are promising in preventing early diag-
nosis and AKI management, there are still undefined points to be
clarified. There is a need for further studies to identify BMs that can
be appropriately selected and identify high-risk patients and differ-
ent AKI phenotypes.”” Moreover, in this context, two new diagnostic
and prognostic tools have been presented in the last decade: the
role of hemodynamic parameters translated by clinical indicators
capable of predicting AKI occurrence and its evolution and the furo-
semide stress test (FST). Concerning clinical indicators, the FINNA-
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KI study deserves mention, in which 423 adult patients with severe
sepsis were included, of which 153 (36%) progressed to AKI. The
authors demonstrated that lower mean arterial pressure (MAP)
levels showed an independent association for AKI progression.>

Other authors have demonstrated that higher levels of systemic
oxygen transport and MAP are independently associated with less
probability of progression from stage 1 to AKI stage 3.3! Increased
degrees of fluid overload and oliguria have also been presented as
significant and early indicators for the possibility of AKI and ad-
verse evolution.??3® Regarding the FST, tubular integrity test, the
same is done with administering 1.0mg/Kg intravenous bolus in
patients who suspect AKI and are not using diuretics, and 1.5mg/
Kg intravenous bolus in patients using diuretics. Next, diuresis
should be monitored for 2 hours. The test is unresponsive when
diuresis is less than 100ml/h in adults and less than 1.0ml/Kg/
hour in children. The non-responsive FST predicts progression to
more advanced AKI stages with high sensitivity and specificity and
helps decide the need for RRT. It can be useful to assist decision on
starting RRT.**

Prevention of AKI

The steps for preventing AKI will now be addressed. It is essen-
tial to identify patients at risk and eliminate, whenever possible,
predisposing factors. Intensive care is need for risk patients such as
premature, septic, patients with chronic diseases (predominantly
renal or cardiac), critical patients using nephrotoxic drugs, those
undergoing contrasted exams, and victims of accidents with ani-
mals venomous, polytraumatized, postoperative cardiac surgery,
or other major surgeries. Predisposing factors include hypovole-
mia, fluid overload, hypoxemia, hypotension, hypoperfusion, use of
nephrotoxins. In this case, it is essential to restore renal hemody-
namics by re-establishing blood volume, oxygenation, MAP, oxygen
transport from volume administration, inotropes, vasopressors,
and/or vasodilators according to the hemodynamic condition of
each patient.

Recently, a system using electronic health records was imple-
mented and demonstrated positive results in assisting doctors in
the early detection of AKI and, thus, in reducing the influence of
risk factors.®* This system quickly points out high-risk patients to
the medical team, allowing preventive and therapeutic actions are
improving the rates of recovery of AKI. In pediatric patients, a sys-
tem has been developed to screen children with multiple exposures
to nephrotoxins resulting in faster monitoring for the possibility of
AKI. There was a positive effect in reducing multiple exposures to
nephrotoxins and, ultimately, also to AKI.*¢ In addition to exogenous
nephrotoxins, there are also endogenous nephrotoxins, among
which the following stand out: hemoglobinuria, which is joint post-
operative cardiac surgery with cardiopulmonary bypass (CPB) and
after transfusion reactions; myoglobinuria secondary to crushing
rhabdomyolysis, viruses, malignant hyperthermia and/or met-
abolic disorders of phosphorus and calcium and hyperuricosuria
commonly associated with tumor lysis syndrome (TLS). These en-
dotoxins can cause AKI by direct cellular toxicity, vasoconstriction
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resulting in hypoperfusion, and oxygen free radicals release.’”3¢ In
most cases, kidney damage can be prevented by instituting mea-
sures such as hyperhydration and furosemide use (to improve tu-
bular flow and to avoid obstruction) in patients who respond with
diuresis. In hemoglobinuria cases, AKI appears to be associated
with heme pigment changes when in contact with acidic urine. He-
moglobin dissociates, and there is evidence that hematin is a toxic
pigment that, especially in volume depletion, may predispose to
induced pigment AKIL*” In cases of TLS, the role of hyperuricemia
in the development of AKI is well established. Hyperuricemia caus-
es AKI by crystallization and precipitation in the renal tubules and
also by independent crystal mechanisms.*®

Regarding the treatment of hyperuricemia and its deleterious
effects, it is essential to recognize that allopurinol, a xanthine ox-
idase inhibitor, inhibits its production. However, it does not affect
the existing hyperuricemia, and therefore, it should be used prefer-
ably in patients with a low or intermediate risk of TLS. Rasburica-
secatalyzes the enzymatic reduction of uric acid in allantoin (totally
water-soluble) and, thus, quickly reduces the existing hyperurice-
mia. Its role in the treatment of established TLS is widely accept-
ed, and there is clear evidence that its effectiveness is superior to
the efficacy of allopurinol in reducing uric acid levels.?”3® Although
urinary alkalinization has been recognized as part of the treatment
of TLS with hyperuricosuria, facilitating urinary elimination of uric
acid, recent data demonstrate that it should not be used routinely
(except in cases of concomitant metabolic acidosis) due to the risk
of calcium phosphate precipitation, which can also result in renal
impairment. There is no evidence to recommend urinary alkalin-
ization in AKI cases secondary to myoglobinuria (in patients with
rhabdomyolysis). Here, it is worth highlighting the several reports
of AKI secondary to myoglobinuria (due to rhabdomyolysis) in pa-
tients with COVID-19.*° Possible pathophysiological mechanisms
include direct muscle invasion by viruses, cytokine storm resulting
in muscle damage, and muscle damage by circulating viral toxins.
Although there are no reports of muscle biopsies in these patients
with rhabdomyolysis, it is known that COVID-19 infection is asso-
ciated with elevated inflammatory markers, and this may indicate
that cytokines may mediate rhabdomyolysis in COVID-19.%° Still,
regarding prevention, there are patients in the postoperative pe-
riod (PO) of cardiac surgery for whom, as demonstrated in several
studies, AKI is recognized as one of the most potent prognostic fac-
tors.*® It should not be only related to water retention and meta-
bolic disorders (uremia, acidosis, hyperkalemia) and cardiopulmo-
nary bypass, and the inflammatory reaction resulting in increased
capillary permeability, generalized tissue edema, and myocardial
dysfunction with decreased urinary output and increased mechani-
cal ventilation time. With the longer duration of mechanical ventila-
tion, there is a greater risk of barotrauma, infection, development of
acute respiratory distress syndrome (ARDS), multiple organs and
system dysfunction (DMOS), and increased mortality rate.*-*°

The various studies on the subject formed the basis for the pro-
phylactic indication of RRT in cardiac surgery PO to prevent fluid
accumulation and reduce mortality.*® High-risk patients leave the
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operating room with a peritoneal dialysis catheter installed. In
these patients, the guideline KDIGO recommends alkalinization
with intravenous saline solution or sodium bicarbonate for pa-
tients at risk of AKI.? A pilot study by Hasse et al. with urinary al-
kalinization also demonstrated a significant reduction in the risk
of AKI in patients undergoing cardiac surgery with cardiopulmo-
nary bypass.” However, a systematic review that included 3,563
patients found no evidence of the benefits of sodium bicarbonate
use.*” A recent meta-analysis also showed no association between
infusion of sodium bicarbonate and reduced incidence of AKL***
As previously mentioned, a population that should be considered
high-risk for AKI is neonates with severe hypoxia. In these patients,
due to perinatal asphyxia, renal vasoconstriction occurs secondary
to adenosine metabolites that cause decreased GFR and filtration
fraction. This effect can be inhibited by a nonspecific adenosine re-
ceptor antagonist, for example, theophylline.?94*

Treatment of AKI

With the prevention considerations in mind, we will move on
to the therapeutic approach itself. There is no curative treatment
for AK], and, at the moment, most of the strategies validated in the
literature focus on prevention and minimization of renal dysfunc-
tion.! These strategies include diagnosing and treating the underly-
ing disease and renal homeostasis maintenance until renal function
recovery and prevention of new injuries. The treatment of AKI is
carried out with conservative measures and, whenever necessary,
with RRT. Conservative treatment includes maintaining hydro-elec-
trolytic and acid-base homeostasis with water balance control.*>#¢
Weight control and diuresis are essential to ensure cardiac output
and good mean MAP from inotropes, vasopressors, and/or vasodi-
lators according to the patient’s hemodynamic condition. Regarding
water supply in critically ill patients, the importance of early tar-
geted therapy is unquestionable, with randomized studies demon-
strating a better prognosis for patients in shock who receive early
fluid, antibiotics, and oxygen therapy.'*"*° Despite several reviews,
the fluid dose to be administered during the critically ill patient’s
resuscitation remains highly empirical. Too little fluid can result
in tissue hypoperfusion and worsening of organ dysfunction, and
over-prescribing fluids can result in risks of negative impact on or-
gan function. The negative effect of fluid overload (FO) on critically
ill patients has become evident in recent years. Several studies have
shown that FO exceeding values between 10 and 20% increases the
relative risk of death by up to 3 times. In addition to increasing the
risk of death, length of hospital stays even after corrections for de-
mographic factors and the severity of the disease.!#>4¢

Another crucial point in handling AKI is nutritional support.
The nutritional restriction does not apply to AKI patients due to
the risk of malnutrition and loss of body mass, and the risk of or-
gan dysfunction and immune deficit. For critically ill children with
AKI nutritional support should be individualized, suggesting the re-
placement of 120 to 130% of basal caloric needs and protein supply
of 2 to 3g/Kg/day.* RRT should be indicated whenever there is dif-
ficulty in adapting nutritional support due to difficulty maintaining
water balance.
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The furosemide use is controversial because of the risks of oto-
toxicity, nephrotoxicity, nephrocalcinosis, and volume depletion.
However, according to several authors, it is justified in patients with
AKI who respond with diuresis.*” Among the possible advantages of
furosemide, the following stand out: reduction of oxygen consump-
tion in the external renal medulla due to inhibition of the count-
er-current mechanism in the ascending loop of Henle; increased
tubular urinary flow, minimizing the risk of obstruction by cell de-
bris, crystals, and debris; help in controlling hyperpotassemia and
in water handling in patients who respond to its administration.*>-8
Recently, the importance of using it has been demonstrated in stud-
ies on the TEF already mentioned in the part dealing with early
diagnosis. Studies show high sensitivity and specificity concerning
critically ill patients’ diagnosis and evolutionary prognosis with
AKL34,49

Another point to be noted is that, more recently, studies have
shown a risk of developing diuretic resistance due to chronic use of
furosemide, p. ex, in cardiac patients.*® It should be suspected when
there is a decrease in the diuretic response without worsening re-
nal function, hemodynamic impairment, or reduced fluid supply.
This condition appears to be associated, among other mechanisms,
with hypertrophy of renal distal tubular cells due to the increase
in distal tubular sodium concentration induced by the inhibition of
the counter-current mechanism in the ascending Henle loop. Hy-
pertrophy would be an attempt to compensate and increase sodium
reabsorption at this location.*® This complication can be treated by
concomitant administration of low doses of a diuretic with action
on the distal tubule (e.g., hydrochlorothiazide). This drug can be
indicated for the treatment and prevention of nephrocalcinosis, an-
other complication induced using furosemide.*®>° Particularly im-
portant is to highlight that in patients with AKI, nephrotoxins must
be avoided. Still, in the impossibility of being avoided, they must be
adjusted according to the creatinine clearance in patients outside
dialysis therapy or according to the dialysis in those in RRT.*® Here,
we highlight the new electronic systems that use clinical records
and electronically signal to the medical team that patients are at
high risk for AKI. In the pediatric age group, these systems allow the
screening of children using multiple nephrotoxic drugs and, thus,
the establishment of preventive measures against the occurrence
of AKL*!

Renal replacement therapy (RRT)

Although many controversies are reported about how and
when to start RRT, most authors agree that it should start at the
slightest sign of its need. Indications include FO with severe arte-
rial hypertension and/or pulmonary edema, FO in PO of cardiac
surgery with a high risk of AKI, acid-base and electrolyte disorders
that do not respond to conservative treatment, severe and/or pro-
gressive uremia, need to adapt the nutritional support. Recently, a
publication by the American College of Critical Care Medicine rein-
forced the early indication of RRT in children and neonates. After
initial fluid resuscitation, they presented FO greater than 10% and
could not maintain water and hydro electrolytic balance®. There
are several modalities for RRT, and its indication will depend on

Volume 1 - Issue 2

the objectives of dialysis therapy, advantages and disadvantages of
each method, the professional’s ability, and institutional availabili-
ty. Peritoneal dialysis remains a good option, especially for young
and premature children. Besides, it remains the method of choice
in pediatric ICUs in countries with limited financial resources.?*% It
has the following advantages: a technically simple, low-cost method
easily performed in hemodynamically unstable patients. However,
the removal of fluids and slag can occur slowly and unpredictably.
In hemodialysis, removing toxins occurs quickly; however, vascu-
lar access can be a problem in young children. There is a risk of
anticoagulation, and, in unstable patients, it can result in worsen-
ing of the hemodynamic condition. Continuous RRT methods have
been presented as a modality of choice in developed countries due
to their high degree of effectiveness. The disadvantages of contin-
uous methods include the need for staff with specific training, the
high costs, the need for adequate vascular access, and the “size” of
the extracorporeal circuit. Technological advances have resulted in
specific equipment for neonates with promising results for their di-
alysis treatment.*¢

Conclusion

In the universe of AKI in critically ill children with potential con-
sequences on the evolutionary prognosis about morbidity and mor-
tality, there is a need for us to be vigilant about the possibility of its
occurrence. The markers of functional renal impairment, tradition-
ally used (creatinine and urine output), can and should continue to
be used and represent the basis of the new criteria for the diagnosis
and classification of AKI called KDIGO. However, it is necessary to
recognize the limitations of these markers. Assess creatinine lev-
els taking into account the factors that may affect your dosage and
the importance of regular checks. Measure urine output accurately
and analyze the result considering the various factors that can in-
fluence it. By identifying patients at risk and using new diagnostic
tools (structural BM, clinical indicators, FST), we can act in the early
intervention window. That period in which there is a risk of kidney
damage and/or initial kidney damage, in general, precedes the re-
duction in GFR, which is diagnosed by increasing creatinine and/
or reducing diuresis. Measures to prevent kidney damage need to
be known and instituted early. Recent evidence from the literature
demonstrates an unmistakable association between the longer du-
ration of AKI and patients’ prognosis in the short and long term.
Although there are no specific medications for AKI already estab-
lished, early preventive and therapeutic intervention is essential to
improve these prognoses.
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