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Injuria renal aguda en el
recién nacido
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Introduccion

Avances en los ultimos 20 afnos

Neonatos criticamente enfermos tienen un alta
probabilidad de presentar Injuria renal aguda (AKI)

Asociacion a peores outcomes
Falta de definicion estandarizada

Reciente reconocimiento que pequenas alzas en la
creatinina sérica (CrS) incrementa la morbi-
mortalidad

Incremento del riesgo de enfermedad renal cronica

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)
Neonatal Acute Kidney Injury. Pediatrics 2015; 136;e463


Moderador
Notas de la presentación
Over the past 15 years, there have been significant advancements in the study of acute kidney injury (AKI) regarding the diagnosis, recognition, intervention, and impact of AKI on morbidity and mortality in critically ill children. It has become apparent that children who survive an episode of AKI are at increased risk for chronic kidney disease (CKD) and warrant long-term follow-up. Neonatal AKI studies have begun to show similar conclusions: AKI is common and is associated with poor outcomes. These studies remain limited to small single-center cohorts using varying definitions of AKI, making generalization difficult.


Incidencia y poblacién de riesgo

Incidencia reportada varia ampliamente dependiendo de
poblacion estudiada y de definicion

En RN criticamente enfermos de 8 al 24% (54%)
Mortalidad 10 al 61%

Reconocimiento de grupos de riesgo
e Hipoxia perinatal
e Prematurosy MBPN
e Cardiopatias congénitas (bypass cardiopulmonar)
e RN que requieren ECMO
e Sepsis
e Malformaciones urinariasy renales

Acute kidney injury in critically ill newborns: What do we know? What do we need to learn? Pediatr Nephrol (2009)
Update on acute kidney injury in the neonate .Jetton and Askenazi. Curr Opin Pediatr 2012
Incidence, risk factors, and outcome of neonatal acute kidney injury: a prospective cohort study. PediatricNephrology. June 2018


Moderador
Notas de la presentación
The reported incidence of AKI in the neonatal intensive care unit (NICU) varies widely depending on the patient sample and AKI definition used. Groups of newborns recognized as being at increased risk for AKI include infants with perinatal hypoxia; premature and very low birth weight (VLBW) infants with congenital heart disease, especially those requiring cardiopulmonary bypass; infants requiring extracorporeal membrane oxygenation; sick near-term/term infants; and infants with sepsis. In addition, neonates with congenital anomalies of the kidney and urinary tract are at high risk for AKI overlying their underlying chronic kidney disease (CKD). All of these infants should be identified as at risk and undergo close monitoring of kidney function with attention to modifiable risk factors during their NICU stay


Fisiologia renal neonatal

Nefrogénesis

e Inicio 5ta semana EG hasta las 34-36 sem.
» Prematuridad
- RCIU
» AKI

Perfusion renal o

e 2,5al 4% al nacer del debito cardiaco . .
-o1Ste€imna renina

* 6% a las 24 horas de vida __ angiotensina

; : -Prostaglandi
* 10% a los 7 dias de vida et

e 18% a las 6 semanas

ey

Short-Term Gestation, Long-Term Risk: Prematurity and Chronic Kidney Disease.
Pediatrics 2013;131:1168-1179


Moderador
Notas de la presentación
there are a number of features of neonatal renal physiology that are pertinent to AKI in neonates, including the duration of nephrogenesis, renal blood flow, glomerular filtration rate (GFR), and tubular immaturity. Nephrogenesis begins at the fifth week of gestation and continues until 34 to 36 weeks, yielding the adult complement of 200 000 to 2.7 million nephrons. The impact of prematurity, intrauterine growth restriction, and AKI on nephrogenesis has not been fully delineated, but small studies suggest that the extrauterine environment and AKI are detrimental to optimal nephrogenesis.
There are significant changes in neonatal renal blood flow after birth that are relevant to the study of AKI in neonates. In comparison with the 20% to 25% of cardiac output received by the adult kidney, at birth the kidneys receive 2.5% to 4.0% of the cardiac output. Over time, this increases to 6% at 24 hours of life, 10% at 1 week, and 15% to 18% at 6 weeks of age. The changes in renal blood flow after birth result from increased renal perfusion pressure, increased systemic arteriolar resistance, and decreased renal vascular resistance due to neurohumoral changes with angiotensin II and prostaglandins playing major roles. In the fetal and neonatal period, the renin-angiotensin system is critical to normal renal development and blood
flow. Angiotensin II, the effector molecule of the renin-angiotensin system, causes vasoconstriction at the afferent and efferent arterioles with the greatest impact at the efferent arteriole.   Prostaglandins represent the most important counter-regulatory molecules in the neonatal period and lead to afferent arteriole dilatation. The importance of each of these systems is seen in the exacerbated response that critically ill neonates have to inhibition of these systems by medications when oliguria and/or AKI develops after exposure.


Fisiologia renal neonatal

Velocidad de filtracion glomerular
* 10 to 20 mL/min/1.73 m2 Durante los primeros dias de
vida
e Ajuste de farmacos

Madures tubular
e En RNPT disminuida

 reabsorcion de EL y proteinas

e concentracion de orina

Short-Term Gestation, Long-Term Risk: Prematurity and Chronic Kidney Disease.
Pediatrics 2013;131:1168-1179


Moderador
Notas de la presentación
GFR represents the most recognized measure of kidney function. In term infants, the GFR improves from 10 to 20 mL/min/1.73 m2 during the first days of life to 30 to 40 mL/min/1.73 m2 by 2 weeks of life. In premature infants, the GFR at birth is even lower and increases slower than in term infants. The GFR improves steadily over the first few months of life, reaching the adult GFR by 2 years of age. The dynamic nature of the neonatal GFR has implications for the care of neonates particularly with regard to drug exposures, dosing, and susceptibility to the development of AKI.
The term neonate has more mature renal tubular function, which can appropriately respond to homeostatic needs. The tubular function is immature in premature infants, with a decreased ability to reabsorb electrolytes and protein and to concentrate urine. This has important implications for the management and diagnosis of AKI in premature infants, who rely on the clinician to appropriately prescribe fluids and replace electrolyte losses. The immaturity of these mechanisms in the neonatal kidneys explains some of the subtleties of urinary findings (fractional excretion of sodium) inneonatal AKI that differ from that in older children.


/

Definicidn y diagnostico AKI

Repentina falla en la funcion renal afectando la
adecuada homeostasis de fluidos, EL y productos de
desecho

Complejo y heterogéneo cuadro clinico de multiples
causas, fisiopatologia y manifestaciones

Clasicamente definida como
 Incremento de creatinina sérica (CrS) y/o,

e Disminucién produccion urinaria (diuresis <
0,5ml/kg/hr)

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)


Moderador
Notas de la presentación
AKI is classically defined as a sudden decline in kidney function resulting in derangements in fluid balance, electrolytes, and waste products. It is a complex and clinically heterogeneous disorder with multiple causes, pathophysiologic pathways, and clinical manifestations. Currently, the diagnosis of AKI is dependent on a rise in serum creatinine (SCr) or decrease in urine output. Unfortunately, SCr is a suboptimal biomarker as it is a marker of kidney function, not damage. These traditional biomarkers have several important limitations. Current focus in AKI research is on the development of more informative and timely.
Clinical manifestations that may vary from a minimum kidney insult to conditions of complete kidney failure that require renal replacement therapy 


—~

Clasificacion

TABLE 1 Neonatal AKI KDIGO Classification

Stage sCr Urine Output
0 No change in SCr or rise <<0.3 mg/dL = 0.5 mL/kg/h
1 SCr rise = 0.3 mg/dL within 48 h or SCr rise <<0.5 mL/kg/h for 6to 12 h
=15-19 X reference SCr* within 7 d
2 SCr rise =20-29 X reference SCr® <05 mL/kg/h for = 12 h
3 SCr rise =3 X reference SCr” or SCr =25 mg/dL® or <0.3 mL/kg/h for =24 h or anuria
Receipt of dialysis for =12 h

Differences between the proposed neonatal Akl definition and KDIGD include the following:
8 Reference SCr will be defined as the lowest previous SCr value.
b 5Cr value of 25 mg/dL represents <<10 mL/min/173m".

Neonatal Acute Kidney Injury. Pediatrics 2015; 136,463


Moderador
Notas de la presentación
Before 2008, most neonatal AKI studies used arbitrary definitions of AKI frequently defined by an absolute SCr > o igual a 1.5 mg/dL. In response to the trends in the diagnosis of AKI, a number of neonatal studies were performed by using the Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease (RIFLE) and Acute Kidney Injury Network (AKIN) definitions of AKI. One such standardized definition of AKI described in detail by Jetton and Askenazi is based on a modification of the KDIGO definition termed the neonatal modified KDIGO criteria (Table 1). This definition stages AKI based on an absolute rise in SCr from a previous trough and should be used in children ,120 days of age. In April 2013, neonatologists and pediatric nephrologists participating in the NIDDK workshop carefully scrutinized this definition. They concluded that, at this time, this definition offers a reasonable starting point and would allow for consistency throughout studies. As this definition is empirical, large multicenter studies are greatly needed to validate this definition and address all aspects of the definitions, including the degree of SCr rise, age of utilization, and how to deal with a rise in SCr from 0.2 to 0.3 mg/dL, which technically represents a 1.5-fold increase and would qualify as AKI. Some have suggested that the SCr should rise to an absolute value of .0.5 mg/dL and meet the previous criteria to qualify as AKI


~Definicién y diagnostico
Limitaciones

Limitaciones CrS

e Refleja los niveles de CrS materna
» Dias a semanas dependiendo de EG
« En RNPT pueden estar mas elevado que madre

« Aumento de niveles por reabsorcion y disminucion fluido corporal
total

e Refleja funcion renal, no injuria

« Tarda 24-48 hrs en aumentar post injuria

» 25-50% perdida funcién renal
e Influenciada por masa muscular, hidratacién, genero, EG
e No diferencia origen de injuria

o Prerrenal
« Medicacion nefrotoxica

e Falta de estandarizacion

Urine Biomarkers Predict Acute Kidney Injury in Newborns. ] Pediatr 2012


Moderador
Notas de la presentación
After birth SCr in the newborn reflects maternal creatinine levels. Rather than maintaining a steady state, SCr then declines at varying rates over days to weeks depending on gestational age. Moreover, newborns, especially preterm infants, may have higher SCr levels than their mothers, the creatinine values for these babies may even increase after birth as the result of reabsorption of creatinine in the renal tubules and decreased total body fluid.
Thus, the natural physiology and immature handling of SCr by the newborn kidney render changes (or lack of change) in SCr difficult to interpret when assessing for AKI.
Until recently, the lack of standardized AKI definitions hampered progress in AKI research. Several standardized, categorical definitions of AKI have been proposed to allow consensus across research studies, stratification of levels of severity, and earlier recognition of AKI in clinical practice


Diuresis en el RN?

* Valores extrapolados de
clasificaciones de adulto
y pedidtricas

* AKI no oligurica



Moderador
Notas de la presentación
(immature tubular cells, higher total body water, and maternal SCr influence), it is difficult to accept all pRIFLE definitions for the neonatal population.
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Moderador
Notas de la presentación
Methods. A retrospective cohort study was performed in an eight-bed neonatal intensive care unit (NICU). UO was systematically measured by diaper weight each 3 h. Discriminatory capacity to predict mortality of UO was measured and patients were divided according to UO ranges: G1 > 1.5 mL/kg/h; G2 1.0–1.5 mL/kg/h; G3 0.7–1.0 mL/ kg/h and G4 < 0.7 mL/kg/h. These ranges were incorporated to Prifle GFR criteria and its performance was evaluated.
Results. Of 384 patients admitted at the NICU during the study period, 72 were excluded and overall mortality was 12.8%. UO showed good performance for mortality prediction (area under the curve 0.789, P < 0.001). There was a stepwise increase in hospital mortality according to UO groups after controlling for SNAPPE-II and diuretic use. Using these UO ranges with pRIFLE improves its discriminatory capacity (area under the receiver operating characteristic curve 0.882 versus 0.693, P < 0.05).
Conclusions. UO is a predictor of mortality in NICU. An association between a UO threshold < 1.5 mL/kg/h and mortality was observed, which is higher than the previously published pRIFLE thresholds. Adopting higher values of UO in pRIFLE criteria can improve its capacity to detect AKI severity in neonates.


Table 1. Characteristics of patients according to hospital survival

Cieneral population (n=312) Mon-sumvivors (m=40) Survivors (n=272) P
Pre-term neonates, n (%) 1500 (48, 1%) 21 (52.5%) 120 (47.4%) 0640
5 min-APGAR <7 74 (23.7%) 1y (40,0%%) 38 (21.3%) 0.015
Low birth weight, i (%a) 151 (48.3%) 200 (52.6%) 131 (49.6%) 0,729
Sermures, n (%) 35 (17.6%) O 30,005) 46 (20.1%) 0212
Meonatal infection, n (%) 278 (89, 1%) A0 ( 100%5) 238 (87.5%) 0018
SMAPPE-II 149 +89 305+ 21.7 12.6+ 8.6 L
Umbilical catheter, n (%) 218 (&0 0%) 301 (77.5%) 18T (68, 8%) 0,260
Mecrotizing enterocolitis, i (%a) 07 (2.2%) 2(5.0%) 3 (1.8%) 0,207
Septic shock, i (%) 65 (20.8%) 33 (B6.8%) 32 (12.1%) <0000 1
Perinatal asphyxia, n (%) 100 (30.4%) 200 (50.0%%) Bl (209 8%) 0011
Indomethacin use, 1 (%) 07 (2.2%) 1(2.6%) 6 (2.2%) 0,891
Amphotericin, i (%) 0o (2.9%) 1{2.5%) B (2.9%) 0.917
Amikacin, n (%) 249 (75.0%) 37 (92.5%) 212 (77.9%) 0,032
Parenteral nutrition time (days) 3 7+£24 46+3.7 Jo+26 0264
Haematocrit (%) 403 +£23.2 408+ 188 D0+ 1482 0430
White blood GE:II."‘.-[\]U': mllm-'nun‘t]n 14.1 £6.7 163+ 7.2 13.8+£6.9 0,295
Low platelets count, m (%a) 75 (24.0%) 1ty (40.0%%) 50 (21.7%) 0,006
Maximum SCr (mg/dL) 0.92 £0.61 228+ 1.26 0.73+042 <00 BN
SBE (mEg/L) =54 +48 -8.6+43 =4 090+43 L XLLL]
Hyperkalaemia, n (%a) 39 (12.5%) 17 (42.5%) 22 (B.1%) <10, 0001
Reduced L0, 1 (%) 64 (20.5%) 23 (57.5%) 41 (15.1%) 0N
Mechanical ventilation time (days) 29+19 72+5.6 23620 <0, 0001

Reduced U, UC-1.5 ml/kp'h.

RDS, respiratory distress syndrome; SNAPPE-IL scores for neonatal acute physiology-perinatal extension II; SCr, serum creatinine; SBE, standard

base excess.



Table 3. Characteristics of patients according to UO

Reduced UO < 1.5 mL/'kgh (n Mormal U > 1.5 mL/kg'h (n= 248) P
Pre-terim neonates, i (%) 13 {20.3%) 137 (55.2%4) <0, (M1
5 min-APGAR <7 20(31.2%) 47 (18.99) 0.049
Low birth weight, i (%a) 16 (25.0%) 135 (54.4%) <0 (D
Seraures, i1 (M) 21 (32.8%) 34 (13.7%) 0.001
Meonatal infection, » (%) 56 (B7.5%) 222 (B9.5%) 0644
SNAPPE-I WH+12.5 13.4+7.7 0.002
Umbilical catheter, 5 (%) S50 (7E.1%%) 168 (67.7%4) 017
Mecrotizing entemcolitis, 1 (%) 1{1.6%) 62 .4%) 06RO
Septic shock, (%) 28 (43.7%) 37 (14.9%%) <0, 0001
Perinatal asphyxia, m (%a) 36 (36.2%) 63 (26.2%) <0, (M1
Indomethacin use, m (%) 1{1.6%) Bi2.4%) D688
Amphotericin, m(%a) 2{3.1%) T{2.8%) 0872
Amikacin, i (%) 54 (B4.4%) 195 (TH.6%4) 0307
Dhuretic use, f (%) 08 (12.5%) 19 {7.7%) D328
Parenteral nutriion time (days) Jo+26 IBE25 0.767
Haematocrit (%) 445483 436+TH8 0473
White blood mlls{%]l’.ll" 'E'E!“R"t'l'lt“j} 16353 13549 0.170
Low platelets count, i (%a) 18 {28.1%) 57 (23.0%) 0205
Maximum SCr (mg/dL) 1.50+0.82 0.78 £0.41 <. 001
SBE (mEg/L) =7.50+ 5.01 =491 £+ 4.60 <), 0001
Hyperkalaemia, n (%) 13 {23.4%) 24 {9.7) 0.003
Mechanical ventilation time (days) 44+27 1616 D00y
Mortality 23 (35.9%) 17 [6.9%) <0, (001

RDS, respiratory distress syndmome; SNAPPE-, scores for neonatal acute physiology-perinatal extension II; SBE, standard base excess; SCr, serum

creatinine.
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Hospital mortality according to UO ranges
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Group 1
UO=1.5ml/kg/h
(n=248)

Group2
Uo 1.0-1 Sml/kg/h
(n=37)

Group 3
U0 0.7-1.0mLkg/h
(n=13)

Group 4
UO < 0.7mL/kg/h
(n=14)



TaBLE 1: Comparison between AKI classification system in adults, older children, and newborns.

Creatinine criteria

Urine output criteria

RIFLE pRIFLE and nRIFLE RIFLE pRIFLE nRIFLE
Risk  [ncreased creatininexl5or  Increased creatininexlsor  UO<0.5ml/kg/h  UO<05ml/kg/h  UO <15mL/kg/h
GFR decreases >25% GFR decreases >25% x6h x8h for24 h
Iniury  1ncreased creatininex2or  Increased creatininex2or ~ UO<0.5mL/kg/h  UO <05mL/kg/h  UO <1.0mL/kg/h
Mty GFR decreases >50% GFR decreases >50% x 12h x16h for24h
hg;?;ﬁ:;;;;;n;;;?o?r Increased creatininex3or ~ UO<03mL/kglh  UO<03mL/kg/h  UO <0.7 mL/kg/h
Failure creatinine >4 mg/dL (acute GFR decreases >75% or x24horanuriax  x24horanuriax  for 24 h or anuria
. 8 GFR <35 mL/min/L.73 m’ 12h 12h for 12h
rise of >4 mg/dL)

Acute Kidney Injury in Neonates: From Urine Output to New Biomarkers. BioMed Research

International. Volume 2014


Moderador
Notas de la presentación
A recent study by our group proposed the evaluation of urine output and its impact on outcomes in a critically ill neonatal population. Urine output cutoffs higher than 1.5 mL/Kg/24 h were associated with higher mortality, mechanical ventilation duration, and length of hospital stay. These urine output criteria were incorporated to pRIFLE and named neonatal RIFLE, or nRIFLE.
UO flow has to be significantly ‘adjusted’ for the neonatal population, the pRIFLE urinary criteria being too restrictive: newborn and premature urine flow has to be considered normal only when higher than 1.5 mL/kg/h. The reason for this finding might be identified in the neonatal difference in body water content and in the immature tubular development. So, from a practical point of view, diaper weighing (whose accuracy is presumably dependent on scale precision) might be considered more specific with larger weight changes: in a 2.5 kg patient, a normal UO of 2 mL/kg/h measured every 3 h as in the present study results in a weight change of only 15 mg and smaller weights may easily induce ‘false positive oliguria’.



Causas de IRA

o HIPOPERFUSION RENAL

e Aumento de perdidas insensibles
« (Cuna radiante ,

- Fototerapia
 fiebre

e Perdida de fluidos
« Drenajes pleurales, abdominales
« Aspiracion por SNG
e Diureticos
e Enfermedad renal congénita
e Falla cardiaca congestiva
e Elevada presion media de la via aérea
e Perdidas sanguineas

e Medicamentos
« AINE
« IECA

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)


Moderador
Notas de la presentación
The traditional anatomic classification of AKI causes as prerenal, intrinsic AKI, and postrenal/obstruction is simple and widely used. Although useful for bedside evaluation, it is important to remember that this system is imprecise in terms of clarifying the underlying pathophysiology and appropriate therapeutic interventions. In addition, AKI in a critically ill neonate is often multifactorial (eg, hypotension, nephrotoxic medication exposure), and the risk of AKI increases as the number of prevalent risk factors increases.
Newborns, especially premature infants, have immature tubular function and are not able to conserve sodium and water to the same extent as older children
and adults, so they may not manifest the expected degree of oliguria.
congenital
kidney disease with inability to concentrate urine appropriately (eg, dysplasia or polyuria following relief of urinary tract obstruction),



Table 1
Parenchymal (intrinsic) kidney injury

&

Ischemic injury/ATN Any of the prerenal causes if prolonged

Patient is at risk for further kidney injury throughout the
injury and recovery phases, so avoid additional insults as
much as possible

Perinatal asphyxia’hypoxic-ischemic injury

Endothelial and tubular cell damage may trigger a systemic
inflammatory response that causes distant organ
dysfunction'*“%4°

Nephrotoxic medications

Direct tubular injury Aminoglycosides, amphotericin, intravenous contrast

Aminoglycosides: primarily proximal tubular cell damage;>®
use with caution in any patient with preexisting AKI,
concomitant nephrotoxic medication use, or poor renal
perfusion. Usually nonoliguric AKI

Amphotericin B: causes renal tubular acidosis and increased
urinary potassium excretion. Reported levels of toxicity
vary widely>'>?

Decreased renal perfusion  ACE inhibitors, NSAIDs (indomethacin), diuretics
Indomethacin: commonly associated with increased SCr
concentrations, decreased urine output, hyponatremia.
Usually reversible®’->*

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)


Moderador
Notas de la presentación
Neonates are at risk for parenchymal injury from a variety of exposures. Many of these have distinct mechanisms of injury and clinical courses. Infants, more than older children and adults, are prone to renal vein and artery thrombosis. Newborns are also more susceptible to cortical necrosis and irreversible kidney injury, which may in the most severe cases result in end-stage renal disease


Causas de IRA

Tubular obstruction

Acyclovir

Sepsis and other infections

Decreased renal blood flow and subsequent ATN from
shock/hypotension
Sepsis-associated AKI
Microvascular dysfunction associated with normal or
increased renal blood flow that manifests with decreased
GFR and tubular dysfunction; histologically distinct
from ATN™*
Pyelonephritis
Congenital infections

Vascular lesions

Renal vein and artery thrombosis
Perinatal event; risk factors include perinatal asphyxia,
dehydration, infection, prematurity, maternal diabetes,
and underlying hypercoagulable state>”

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)



/ Causas de IRA

* OBSTRUCCION DE LA VIA URINARIA

e Valvas uretra posterior
* Vejiga neurogenica

e Mal posicion catéter urinario
e Medicamentos

e Litiasis renal

 Bolas fungicas

faY A .

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)


Moderador
Notas de la presentación
Urinary tract obstruction requires prompt recognition and restoration of urinary flow in order to reverse AKI. Interventions may include a urinary catheter or a percutaneous nephrostomy tube, depending on the nature of the obstruction. Obstruction that occurs early in fetal development (eg, posterior urethral valves) may not completely reverse because of prenatal renal injury. Possible causes of obstruction include congenital malformations (posterior urethral valves, neurogenic bladder, urethral stricture); occluded or malpositioned urinary catheter; medication-related urinary retention (eg, morphine); and, very rarely, fungal balls or kidney stones.


Mechanism

Acyclovir

Angiotensin-converting enzyme
inhibitors
Aminoglycosides

Amphotericin B
Monsteroidal antiinflammatory drugs

Radiocontrast agents

Vancomycin

Urinary precipitation, especially with low flow and
hypovolemia, with renal tubular obstruction and damage
and decreased GFR. May cause direct tubular toxicity
{metabolites).

Decreased angiotensin || production inhibiting compensatory
constriction of the efferent arteriole to maintain GFR.

Toxic to the proximal tubules (transport in the tubule,
accumulate in lysosome, intracellular rise in reactive
oxygen species and phospholipidosis, cell death); intrarenal
vasoconstriction and local glomerular/mesangial cell
contraction.

Distal tubular toxicity, vasoconstriction, and decreased GFR.

Decreased afferent arteriole dilatation as a result of inhibiting
prostaglandin production resulting in reduced GFR.

Renal tubular toxicity secondary to increase in reactive oxygen
apecies; intrarenal vasoconstriction may play a role.

Mechanism of AKl unclear, possible mechanism includes
proximal tubular injury with generation of reactive oxygen
Species.




Evaluacion diagnostica

Historia y factores de riesgo

e Antecedentes prenatales
- Ecografia
Anormalidades del tracto urinario
Oligohidramnios

« Uso de medicamentos
IECA, AINE, drogas ilegales

e Antecedentes recientes
« EG, peso
- Hipo perfusion
Resucitacion
 Patologias
« Medicamentos nefrotoxicos
Niveles plasmaticos de aminoglicosidos

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)
Neonatal Acute Kidney Injury. Pediatrics 2015; 136;e463


Moderador
Notas de la presentación
The maternal, birth, and clinical histories should be reviewed for any of the events described earlier. Review the prenatal history for abnormalities of the urinary tract on prenatal ultrasonography, oligohydramnios, and maternal medication use (angiotensin-converting enzyme inhibitors, nonsteroidal antiinflammatory drugs, illicit drugs). Renal hypoperfusion may occur during resuscitation; it is important to review the need for chest compression or vasoactive medications. Nephrotoxic medication exposure, including blood levels of aminoglycosides, should be ascertained.


Evaluacion inicial

* Examen fisico y signos
vitales

e Balance hidrico

® Peso
o ELP



Moderador
Notas de la presentación
The physical examination should focus on volume status and vital signs. A thorough evaluation of volume status also requires assessment of serum electrolytes, fluid balance, and, importantly, body weight. Utilization of these 3 measurements can assist in determining both hypovolemia from insensible losses, as well as hypervolemia from fluid overl


Evaluacion diagnostica

e Examen fisico

e Deshidratacion

Mucosas secas

Taquicardia

Hipotension
Fontanelas hundidas
« Ojos hundidos

e Sobre hidratacion

« Taquipnea
- Edema
« Hipertension

» Mala evolucidn respiratoria, aumento parametros ventilatorios

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)
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Notas de la presentación
A primary focus of the physical examination is assessment of volume status so that the appropriate fluid management strategies may be used.
Signs of fluid overload may include tachypnea, worsening oxygenation status and escalation of ventilatory support, and clinical edema (chest wall; dependent areas such as the posterior scalp, scrotum, and labia). The cumulative fluid balance should be estimated and compared with the daily weight trend. Ensure that all inputs are recorded (flushes, intermittently dosed medications) and that all losses (including chest tubes and drains) are noted. Infants may have large insensible losses (eg, with phototherapy) that cannot be accounted for in daily totals. 


Evaluacion diagnostica

Laboratorio

e Creatinina,Ca, P, Mg, Bic Na, BUN, glucosa, albumina,
GSA, Hemograma completo, uronalisis, y URC

e Nay cretinina urinaria
- FENa

Imagenologia
e Ecografia renal y vesical
e Eco doppler de vasos renales
e Rx de torax

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)
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Notas de la presentación
These values should be obtained as soon as an AKI event is recognized. Frequency of monitoring going forward depends on the degree of derangements at baseline as well as the severity of the AKI episode and quantity of urine output.
If renal perfusion is low and tubular function is intact, sodium will be avidly retained, making the FENa low. In the context of an increasing SCr, a FENa in a
Term newborn is less than 2% in prerenal states and greater than 3% with ATN or intrinsic kidney dysfunction.
Normal FENa in preterm infants born at less than 32 weeks of gestation is usually higher than 3%, although varying degrees of tubular immaturity may make FENa difficult to interpret. FENa is not valid when an infant is receiving diuretics.
Renal and bladder ultrasonography should be performed to evaluate for underlying congenital kidney abnormalities and urinary tract obstruction. Doppler ultrasonography of the renal vessels should be performed to evaluate for renal vascular lesions if suspected. A chest radiograph should be reviewed to help assess for pulmonary edema or congestive heart failure in patients with clear signs of fluid overload


Prevencion

Ajustar farmacos con
potencial nefrotdxico
(evitar)

Evitar la hipervolemia e
hipovolemia

Restriccion de volumen
cuidadosa cuando sea
necesario

Drug-induced acute kidney injury in neonates.. Hanna MH, Askenazi DJ, Selewski .

Curr Opin Pediatr. 2016;28(2):180.



Manejo especifico
Hipovolemia

e Bolo de sol isotonica 10 ml/kg
e Segun tipo de perdida modificar composicién de
electrolitos

e Reevaluacion frecuente
Cardiopatias con reduccion de perfusion renal
Sepsis
Uropatia obstructiva
Trombosis vascular renal

Neonatal Acute Kidney Injury. Pediatrics 2015; 136,463


Moderador
Notas de la presentación
Cardiac disease and reduced renal perfusion – Directed therapy for the underlying cardiac condition restores renal perfusion and function. Examples include:
•Administration of prostaglandin E1 for a ductal-dependent critical congenital heart defect.
•Cardiac pacing for infants with complete heart block, which is most commonly seen in patients with neonatal lupus. 
Sepsis – Antibiotic therapy
Hypoalbuminemia or capillary leak – Judicious intravenous (IV) administration of albumin infusion and furosemide for symptomatic patients with edema due to low oncotic pressure. 
Obstructive uropathy – Decompression and drainage of the urinary tract should be performed. In most instances, temporary drainage is performed by placement of a catheter in the bladder. Surgical drainage, if needed, should be performed after stabilization of the patients, including medical therapy to correct electrolyte abnormalities, particularly hyperkalemia.
Renal vascular thrombosis – For neonates with severe renal vascular thrombosis and AKI, thrombolytic therapy should be considered.
●Any nephrotoxic medication should be either discontinued or dose adjusted for the severity of renal failure.



Manejo nutricional

Proporcionar minimo 100 Kcal/kg/djia.

Enteral
e LME
e Formula lactea baja carga de solutosy fosfatos
e Adicionar hidratos de carbono o lipidos
e No fortificar

Parenteral
e AA hasta1,5 g/kg/dia
e Lipidos max 2 g/kg/dia
e EL segun examenes
e Evitaral inicio Ky P


Moderador
Notas de la presentación
El soporte nutricional es esencial para los niños con LRA, con el objetivo de proporcionar un mínimo de 100 kcal / kg por día. Para los bebés que pueden tomar alimentación enteral, se debe administrar leche humana. Si no está disponible, se puede usar una fórmula que tenga una baja carga renal de solutos y bajo contenido de fosfato (p. Ej., Similac PM 60/40) y también puede complementar la leche materna cuando el suministro de leche materna es bajo. La restricción de líquidos hace que sea difícil satisfacer las necesidades calóricas de un lactante oligúrico que utiliza leche humana no suplementaria o fórmula estándar. Como resultado, la densidad calórica de la leche humana se puede aumentar a 24 cal / oz mediante la adición de un soluto renal bajo y polvo de fórmula de fosfato. La densidad calórica tanto de la leche humana como de la fórmula estándar puede aumentarse aún más hasta un máximo de 30 cal / oz con el uso de moduladores de carbohidratos (por ejemplo, policosa) o lípidos (aceite de triglicéridos de cadena media [aceite de MCT]). Los fortificadores de leche humana no deben usarse ya que contienen altas cantidades de calcio y fósforo.
Los bebés con AKI a menudo están críticamente enfermos y requieren nutrición parenteral. Dichos bebés deberían recibir aminoácidos hasta un máximo de 1.5 g / kg por día, que se puede aumentar en 1.5 g / kg adicionales por día para aquellos bebés que reciben terapia de reemplazo renal. La solución IV de lípidos se proporciona hasta un máximo de 2 g / kg por día. La concentración de glucosa y solutos, como sodio, potasio, calcio y fósforo, depende del peso del bebé, las concentraciones de electrolitos en suero, la gravedad de la insuficiencia renal y si el paciente está recibiendo RRT o no. Generalmente, los suplementos de potasio y fosfato se evitan inicialmente en la nutrición parenteral total debido a un alto riesgo de hipercalemia y / o hiperfosfatemia. Si es necesario, estos pueden administrarse por separado y se pueden agregar a la nutrición parenteral total una vez que la función renal sea más estable.


Manejo Trastornos HE

Hiperkalemia

Acidosis metabdlica
e Tratamiento de la causa
e Bicde Na??
Hipocalcemia

Hiperfosfatemia

Hiponatremia

Sodium bicarbonate: basically useless therapy.
Pediatrics. 2008;122(4):831.


Moderador
Notas de la presentación
In the neonate, bicarbonate therapy has been associated with intraventricular hemorrhage (IVH), myocardial injury, deterioration of cardiac function, and worsening of intracellular acidosis
Hypocalcemia generally is not treated with IV calcium gluconate unless the patient is symptomatic or the hypocalcemia is severe. 
Hiperfosfatemia restringir su administración y uso de quelantes enterales.
Hiponatremia generalmente dilucional, se debe restringuir ingesta de agua libre. Manejo en caso de convulsiones de NA MENOR A 115 corregir con bolos hipetonicos.




Manejo hipertension arterial

® 10-20%

* Por sobrecarga de
volumen

® Restriccion de volumen
e Diuréticos

e Farmacos



Moderador
Notas de la presentación
Approximately 10 to 20 percent of infants with AKI have hypertension usually due to fluid overload. Treatment is focused on correcting the fluid overload with fluid restriction, and possibly, a trial of furosemide to enhance diuresis. Criteria for pharmacologic measures are the same as hypertensive infants without AKI


Farmacos usados en AKI

Table 2
Therapeutics

Dopamine

Widely used for support of systemic blood pressure in preterm and term
infants, %52 although no survival benefit or decreased length of hospital
stay has been shown in adult patients®®"2

Diuretics

Used to augment urine output in oliguric patients; useful in small patients
for whom placing dialysis access presents technical challenges. No
evidence to suggest that diuretics prevent or reverse AKl once it has
occurred.®® 7 Long-term furosemide therapy has several potential side
effects: ototoxicity, interstitial nephritis, osteopenia, nephrocalcinosis,
hypotension, and persistence of patent ductus arteriosus™

Fenoldopam

Selective dopamine-1 receptor agonist; causes vasodilation of renal and
splanchnic vasculature, increased renal blood flow, and increased GFR.
Not dinically approved for the treatment of AKI. Use in augmenting urine
output in neonates with AKI has been explored in several single-center
analyses.””’® Used in 2 prospective studies of infants undergoing
cardiopulmonary bypass; some modest benefit seen with high-dose
fenoldopam (1 ug/kg/min)’’- "¢

Theophylline

Recent meta-analysis including 4 randomized trials on full-term asphyxiated
infants suggests that prophylactic theophylline significantly reduces the
incidence of severe renal dysfunction.”” However, there is little evidence
on the long-term renal and neurodevelopmental outcomes or adverse
effects at various measured levels, so prudence with clinical use of
prophylactic theophylline is required. In addition, the trials were before
the therapeutic hypothermia era

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)


Moderador
Notas de la presentación
At present, there are insufficient data to determine whether specific therapies improve outcomes in neonates with AKI. Several therapies, including dopamine, diuretics, theophyline, and fenoldopam, have been studied but none can have enough evidence to justify widespread use.
Consultation with pharmacists and nephrologists familiar with drug dosing in renal failure is recommended to avoid side effects of drug accumulation as well as additional nephrotoxicity. Medication lists should be reviewed frequently to ensure correct dosing based on the level of renal failure.
La furosemida no altera el curso natural del AKI. La disociación entre aumentar la producción de orina y no acortar el curso de AKI con terapia diurética probablemente refleja la capacidad del diurético para mejorar la producción de orina en unas pocas nefronas funcionales. Sin embargo, no hay ningún efecto sobre las nefronas que no funcionan, y como resultado, no hay ningún efecto en el curso de la insuficiencia renal y la recuperación.
Para los pacientes con signos de sobrecarga de líquidos (edema, taquipnea, taquicardia o presión arterial elevada), se puede administrar un ensayo de furosemida (1 a 2 mg / kg) para inducir una diuresis y mejorar el estado del líquido del paciente. En algunos casos, se puede usar una dosis mayor de 3 mg / kg. Además, se puede administrar furosemida para convertir AKI de una forma oligúrica a una no oligúrica, que puede ayudar a la nutrición.
La ototoxicidad es una complicación debida a la acumulación de furosemida en un lactante con LRA. El riesgo de ototoxicidad aumenta con la administración concomitante de aminoglucósidos.


Terapia de reemplazo renal

Se recomienda no esperar una disfuncion renal severa
para terapia de reemplazo renal

Pacientes sobrehidratados tienen peor respuesta a
terapia de remplazo renal = menor sobrevida

Prevenir la sobrecarga de volumen e inicio temprano
de TRR - mejor sobrevida

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)

Neonatal Acute Kidney Injury. Pediatrics 2015; 136;e463


Moderador
Notas de la presentación
Absolute indications for the initiation of renal supportive therapy are the same as for other patients (eg, severe hyperkalemia). However, waiting for late indicators of severe renal dysfunction to occur is likely not appropriate for the infant with AKI, and consideration for renal replacement therapy should occur earlier in the course of illness than for patients with end-stage renal disease who are initiating chronic dialysis. Data on fluid overload in pediatric and adult patients show that those with higher fluid overload at the time of dialysis initiation have worse survival, even when controlling for severity of illness.There are now some limited data in neonates that show the same association. These data suggest that prevention of fluid overload and early initiation of renal support therapy could improve outcomes in patients with AKI. In practical terms, marked edema creates technical challenges for dialysis access placement and makes fluid management and general support much more difficult.


Terapia de reemplazo renal

Indicaciones
 Acidosis severa (Bic <12 mEq/L)
e Hiperkalemia ( > 8 mEq/L) refractaria a tto
e Hiponatremia (< 120 mEq/L)

e Sobrecarga de volumen
o IC
» Edema pulmonar

e Asegurar nutricion en pac oligo-anuricos.


Moderador
Notas de la presentación
RRT should be considered if appropriate fluid and electrolyte balance and adequate nutrition cannot be maintained because of persistent oliguria or anuria. Early referral is important as it takes time to assemble the appropriate personnel and equipment.
We consider RRT despite appropriate medical therapy for infants who have:
●Severe acidosis (serum bicarbonate concentration <12 mEq/L).
●Hyperkalemia (plasma potassium concentration ≥8 mEq/L or rapidly rising potassium levels) refractory to medical management.
●Hyponatremia (serum sodium concentration ≤120 mEq/L).
●Volume overload with heart failure, pulmonary edema – RRT is performed rarely in patients with severe hypertension that is not responsive to medications and is associated with central nervous system signs, such as seizures, or with heart failure.
●Provide nutrition for infants who are anuric, oliguric, or who require fluid restriction that is inadequate to meet their caloric needs.
The question of whether to institute RRT in a newborn with no expectation of recovery of renal function or with severe multisystem failure is difficult. Decisions should be made after considerable discussion with the neonatologist, nephrologist, other consultants as needed, and the family.
Available renal replacement modalities for the management of AKI in newborns include hemodialysis, peritoneal dialysis, and hemofiltration (with or without dialysis). The choice of modality is influenced by the clinical presentation and potential for recovery, the presence or absence of multisystem failure, the indication for RRT, and the availability of staff and appropriate equipment for the neonatal patient



Nuevos biomarcadores de IRA

Nueva investigacion enfocada a marcadores capaces de
anticiparse al ascenso creatinemia y disminucion de
diuresis

Estudios limitados
e RN MBPN
 Asfixia neonatal
e RN sometidos a bypass cardiopulmonar
Nuevos biomarcadores comparados con creatinina
sérica
Varian por EG y peso de nacimiento

Urine Biomarkers Predict Acute Kidney Injury in Newborns. ] Pediatr 2012


Moderador
Notas de la presentación
Because the incidence of AKI is still high and the outcome remains poor, research has focused on identifying new biomarkers able to anticipate the AKI diagnosis in hours or even days before a UO reduction or SCr increment can be detected. Early AKI diagnosis would bring out new perspectives in therapeutic possibilities. Moreover, the knowledge of novel serum and urine biomarkers may change the approach to AKI and can help to differentiate between different causes of established AKI and implementing preventive interventions.
Studies on AKI biomarkers in neonates are limited and mainly performed in specific populations at risk for AKI, such as VLBW, asphyxiated newborns, and children who undergo cardiac surgery with cardiopulmonary bypass (CPB). Studies on biomarkers predicting AKI in general in critically ill neonates are lacking.
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Enfermedad renal cronica

Prematurity
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Nephrotoxic medications
Infections
Hemodynamic changes
Acute kidney injury
Suboptimal nutrition

Reduced nephron number
(Oligonephropathy)

Hyperfiltration
Glomerular hypertension

\ 4 \ 4

Systemic
Hypertension

Proteinuria

Nephron loss
Glomerulosclerosis

Short-Term Gestation, Long-Term Risk: Prematurity and Chronic Kidney Disease.
Pediatrics 2013;131:1168-1179
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The path to chronic kidney disease following acute kidney injury:
a neonatal perspective. Pediatr Nephrol 2016


Moderador
Notas de la presentación
Schematic diagram revealing the multiple causes of neonatal acute kidney injury (AKI) (green) and the various factors which potentially contribute to the development of chronic kidney disease (CKD) following an AKI episode (purple and blue)


Enfermedad renal cronica

La nefrogenesis es interrumpida en el RNPT
e Hipertrofia compensatoria de los nefrones

e Evolucionaria a glomeruloesclerosis
» Retencion de Na
- HTA
» Proteinuria
« ERC

IRA asociada aumentaria aun mas riesgo de ERC
e Afectando el desarrollo del nefron

Este impacto recién se esta conociendo

Acute Kidney Injury in the Neonate. Clin Perinatol - (2014)
Neonatal Acute Kidney Injury. Pediatrics 2015; 136,463


Moderador
Notas de la presentación
The remaining nephrons hypertrophy to compensate for decreased nephron mass, but this response (hyperfiltration) eventually becomes deleterious and leads to glomerulosclerosis with sodium retention, systemic hypertension, proteinuria, and progressive CKD (Brenner hypothesis98). Thus, these infants are already primed for kidney injury and CKD based on their premature birth. The impact of superimposed AKI in the NICU on long-term kidney outcomes is unknown.
It used to be assumed that patients who survived an episode of AKI would recover kidney function without long-term sequelae; however, recent data from animals, critically ill children and adults with AKI suggest that survivors are at risk for development of CKD. A meta-analysis showed that adults with AKI have higher risk of developing incident CKD (pooled adjusted hazard ratio [HR], 8.8; 95% confidence interval , end-stage kidney disease (pooled adjusted HR, 3.1; 95% CI, 1.9–5.0), and mortality (pooled adjusted HR, 2.0; 95% CI, 1.3–3.1) compared with patients without AKI


/

Conclusiones

Falta de consenso en la definicion de Injuria Renal Aguda
Incidencia en aumento
Alza significativa de creat mayor o igual 0,3 mg/dl
Oliguria
e <0,5 ml/kg/h?
e <1,5 ml/kg/h?
Necesidad de nuevos biomarcadores
Enfasis en poblacion de riesgo
Mayor entendimiento de la progresion a ERC
Lograr disminuir incidencia y severidad de IRA
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