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Historial

 Nina de 8 anos y 3 meses se presenta a la sala de
Urgencias por un cuadro clinico de dolor abdominal de
18 horas de evolucion. Refiere nauseas y un total de
cinco vomitos de contenido gastrico, no bilioso. No
presenta diarrea. Pobre ingesta oral. Se encuentra
afebril y refiere egreso urinario disminuido.

* Hace tres dias fue intervenida por apendicitis sin
complicaciones y fue dada de alta 48 horas antes de su
visita a Urgencias, en tratamiento con ibuprofeno cada
8 hrs. No tiene otros historial personal de enfermedad
ni historial familiar de interés.



Exploracién Fisica

Temperatura: 36,49C; TA: 115/63 mmHg;
FC: 112 lat/min, Estatura 147cm

Cabeza: mucosas secas, sin lesiones bucales

Abdomen: blando y depresible, aunque
doloroso a |la palpacion profunda en region
periumbilical, hipogastrica. Rovsing negativo y
sin signos de irritacion peritoneal

El resto del examen fisico esta normal



Evaluacion

 Laboratorios

—Na 147 K 4.1 Cl 101 Hco3 22 Urea 50mg/dl creat
1.41mg/dl ( eTFG 43ml/min/1.73m2)

— Analisis orina nitritos neg leucoesterasa negativo
RBC 0-2/ulL wbc 5

— UPC 0.15 (normal <0.20)
— FeNa 0.05%
— Osmolaridad urinaria 700mosm/kg

e Ultrasonido renal - normal



* ¢Cual de las siguientes seria su sospecha
diagndstica inicial?

a. Insuficiencia renal aguda pre-renal por
deshidratacion.

b. Colico renal asociado a litiasis.
c. Nefropatia IgA.

d. Insuficiencia renal aguda renal o
parenquimatosa.

e. Glomerulonefritis aguda (GNA)
postestreptococica.



Tratamiento

Rehidratacion intravenosa

— Normal salina o Solucion de Ringers

Descontinuar nefrotoxicos
— |buprofeno

Tratar nauseas, vomitos para reiniciar
tolerancia oral

Monitorear presion arterial
Debe resolver con hidratacion



Historial

 Nina de 8 anos y 3 meses se presenta a la sala de
Urgencias por un cuadro clinico de dolor abdominal de
18 horas de evolucion. Refiere nauseas y un total de
cinco vomitos de contenido gastrico, no bilioso. No
presenta diarrea. Se encuentra afebril y refiere egreso
urinario normal.

* Hace tres dias fue intervenida por apendicitis sin
complicaciones y fue dada de alta 48 horas antes de su
visita a Urgencias, en tratamiento con ibuprofeno cada
8 hrs. No tiene otros historial personal de enfermedad
ni historial familiar de interés.



Temperatura: 36,49C; TA: 115/63 mmHg; RC:
73 lat/min) Estatura 147cm

Cabeza: mucosas humedas, sin lesiones
bucales

Abdomen: blando y depresible, aunque
doloroso a |la palpacion profunda en region
periumbilical, hipogastrica. Rovsing negativo y
sin signhos de irritacion peritoneal

El resto del examen fisico esta normal



Evaluacion

 Laboratorios

—Na 147 K 4.1 Cl 101 Hco3 22 Urea 39mg/dl creat
1.41mg/dl

— Urianalisis prot +3 leu neg nit neg RBC 25/ul wbc
10-15

— UPC 2.9mg/mg (normal <0.2)
— FeNa 2.28%
— Osmolaridad urinaria 374mosm/kg

e Ultrasonido renal - normal



* ¢Cual de las siguientes seria su sospecha
diagndstica inicial?

a. Insuficiencia renal aguda pre-renal por
deshidratacion.

b. Colico renal asociado a litiasis.
c. Nefropatia IgA.

d. Insuficiencia renal aguda renal o
parenquimatosa.

e. Glomerulonefritis aguda (GNA)
postestreptococica.



e ¢Cual es el origen mas probable de la nefritis
tubulointersticial (NTI) en nuestra paciente?

a. Una infeccion bacteriana como complicacion
tras apendicetomia.

b. De origen medicamentoso, en este caso por
ibuprofeno.

c. Una enfermedad inmunoldgica (lupus
eritematoso sistémico, sindrome de Goodpasture).

d. Una intoxicacion por metales pesados
(mercurio, cadmio, plomo).

e. Un dano hipoxico por hipoperfusion renal en
contexto de deshidratacion.



e Otros hallazgos clinicos

— Fiebre y exantema urticarial.

— Dolor lumbar.

— Uveitis anterior aguda.

— Hipertensidn arterial y edemas.
* Hallazgos analiticos

— Datos de disfuncion tubular: sindrome de Fanconi, acidosis tubular y
alteraciones idnicas.

— Proteinuria leve-moderada.
— Eosinofilia y eosinofiluria.
— Cilindros leucocitarios
* Tratamiento
— Observacion, tratamiento de soporte (anti hipertensivo)

— Esteroides intravenosos?
Pediatr Integral 2022; XXVI (1): 50.e1 — 50.e7



Historial

e Varon de 15 dias de vida, previamente sano;
los padres consultan por escasa succion al
pecho y disminucion de diuresis; llanto
constante e irritabilidad en dias previos, ahora
hipoactivo y tendente al suefio.



Exploracién Fisica

e EF: FC 160 Ipm; FR 77 rpm; TA 44/13 mmHg y
Sat02 99%. Pérdida ponderal del 35%

 Mal estado general; coloracion cutanea palida
grisacea; fontanela hundida, muy ojeroso

* Signo del pliege +++, sequedad de piel y labios
agrietados

* Relleno capilar lento

* Hipotonia generalizada con tendencia al
etargo, mirada perdida y llanto débil.




Laboratoriales

* Precisa 3 expansiones de SSF revirtiendo
situacion de shock; no precisa inotrépicos.

* Analitica de sangre: sodio >180 mmol/L,
potasio 5,3 mmol/L, cloro 159 mmol/L; urea
485 mg/dL, creatinina 6,77 mg/dL;

* pH 7,22, bicarbonato 13 mmol/L, EB -13
mmol/L.



* Tratamiento
— Rehidratacion oral si tiene tolerancia

— Disminuir el sodio con soluciones levemente
hipotonica (70-50meq na/L) y corregirlo a razon
de 0.5 mEg/h



* ¢lInicio de egreso urinario?
— Si
* Monitorear sodio
— NO
* Acidosis metabdlica severa

* Anuria
e Considerar dialisis aguda



* La deshidratacion hipernatrémica neonatal es
un cuadro grave y potencialmente letal

* Puede ser prevenido con medidas como:

— |a formacidén en lactancia materna en plantas de
maternidad

— |a generalizacion de la consulta pediatrica
temprana tras el alta

— |a sospecha de la deshidratacion ante los primeros
signos de deshidratacion en Atencion Primaria 'y
Urgencias de Pediatria



* Lactante de 9 meses con historial de
infecciones febriles diagnhosticadas como
infeccion de oido. Falla en crecimiento.
Presenta a urgencias con fiebre, astenia y
anorexia. Abdomen abultado. Leve
disminucion en egreso urinario.



Exploracién Fisica

Temp 38.5 FC 115 lpm TA 115/71 Resp 42 rpm
peso 7kg < 5ta percentila Estatura 68cm <

Estado general en mal estado, pequefio para su
edad, taquipeneico

Abdomen: suave y depresible, masa palpable y
flanco, vejiga agrandada

Pulmones claros a la auscultacion
Rellenado capilar minimamente elevado
Genitourinario: gotereo persistente de orina



e Ultrasonido

 Hidronefrosis bilateral con hidrouretery
engrosamiento de pared de la vejiga



* Cistograma miccional

— Valvulas posteriores con reflujo bilateral




Tratamiento

Tomar cultivo

Pasar sonda urinaria
Comenzar antibioticos
Referir a centro terciario




Diagnostico

* Valvulas ureterales posteriores con fallo renal
agudo secudario a infeccion via urinaria

* Referido a servicio de cirugia pediatrica y
nefrologia pediatrica para manejo de su
enfermedad cronica renal.
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Fisiologia del equilibrio acido base y su importancia en pediatria
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* En condiciones normales los lactantes y nifios
producen de 1-3 mmol/kg/dia acidos.

* A pesar de la constante produccion de acido el

cuerpo manteniene un equilibrio del pH normal
(7.35-7.45).

Fisiologia del

acido base

* Las alteraciones del pH provienen de los dos
principales sistemas amortiguadores del
organismo:

* Respiratorio (PCO 2) y
* Metabolico (HCO -)




[Las cuatro alteraciones del equilibrio Acido-
Base

Alcalosis Acidosis
metabolica respiratoria

(alto 3 HCO -) (alto PCO 2)

Acidosis Alcalosis
metabolica respiratoria

(bajo 3 HCO -) (bajo PCO 2).




Fisiologia del equilibrio Acido-Base

Otros elementos que participant en la regulacion del pH sanguineo
son:
Phospatos, hemoglobina, hueso y proteinas como la albumina.

60 % de la amortiguacion ocurre intracellular (mediada por
proteinas fosfato y bicarbonbato)

40 % extracellular por bicarbonate y amortiguadores de
proteinas
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Respuesta compensatoria de algunos
desordenes de equilibrio acido base

Primary disturbance Compensatory disturbance
Metabolic acidosis Increased ventilation
Metabolic alkalosis Decreased ventilation

Respiratory acidosis Increased reabsorption of HCO, in the proximal tubule, increased
renal excretion of H* in the distal tubule

Respiratory alkalosis Decreased reabsorption of HCO, in the proximal tubule, decreased
renal excretion of H* in the distal tubule
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Como vamos a analizar los gases
saguineos?




Terminologia

Término Interpretacion

Acidemia

Acidosis

Alcalemia

Alcalosis

Desorden acido-base
simple

Desorden mixto

Exceso de base (BE)

pH sanguineo <7.35

Proceso patoloogico con aumento de
hidrogeniones por aumento de CO2 y reduccion
de HCO3

pH sanguineo >7.45

Proceso patologico que causa disminucion de los
hidrogeniones

Solo es respiratorio o meteabolico

Mas de una alteracion del exquilibrio acido base

Es el numero de miliequivalentes de acido o
base que se necesitan para alcanzar un pH
normal de 7.40 cuando el CO2 es constante



Calculos para ayudar al diagnostico

Existen varios
calculos Para
distinguir el origen del
desorden

Es necesario incluir . CO2 serico y urinario
Fraccion excretada de

las Brachas anionicas y calcular el gradiente

: - bicarbonate ,
serica y urinaria gradiente




Na*
Brecha anidnica Cl-

Cl- cis

Anion Gap HAGMA NAGMA



Calculo de la brecha anionica en sangre

Anion Gap =(Na™)—([CI" ]+ HCO,").
The normal AG 1s 8—16 mEg/l (or mmol/l in SI units).



Calculo del delta del radio de Ia

Brecha anionica

Delta ratio=change in anion gap (A anion gap)/change in HCO, (AHCO,)

Measured anion gap —normal anion gap OR (AG = 12)
Normal [HCO, | —=measured [HCO, ] (24-[HCO,))




Interpretacion del delta del radio de

la brecha anionica

1

Delta ratio Interpretation guideline
<0.4 Hyperchloremic normal anion gap acidosis
0.4-1 High and normal anion gap acidosis

Acidosis associated with renal failure

1-2 Uncomplicated high anion gap acidosis
Lactic acidosis: average value 1.6
DKA: more likely to have a ratio closer to 1

>2 Suggests a preexisting elevated HCO, level so consider a concurrent metabolic
alkalosis or a preexisting compensated respiratory acidosis



Valores normales de los gases AB

 pH:7.35-7.45.

* Partial pressure of oxygen (PO,): 80—100 mmHg

« CO, dissolved in arterial blood (PCO): 35-40 mmHg

 Calculated value of the amount of HCO,: 22-24 mEq/l or mmol/l in SI units

Base Excess (BE) +3 mEqg/I
Arterial oxygen saturation (Sa0O,) 95-100 %



Paso 1. Historia detallada, examen clinic y datos de laboratorio
completes

Paso 2. Revisar el pH para definir si es acidosis o alcalosis

Paso 3. Revisar los niveles de CO2 y de HCO3 para determinar el
trastorno primario

Paso 4. Calcular el grado de compensacion

I Interpretacion
de los gases

Paso 5. Calcular la brecha anidnica sanguinea

Paso 6. Calcular la relacion de delta

Paso 7. Generar diagnostios diferenciales

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Primary Compensatory
disorder Initial change response Expected compensation

Metabolic ~ |HCO, |PCO, PCO, ~1.5[HCO, ]+ @
acidosis! 2 ' 3

4 PCO, =1.2x A[HCO; |

Metabolic = _
; — HCO PCO, = 0.9| HCO, [+16
ReS p u esta S alkalosis 3 2 I: 3 ]

compensatorias — PCO, =0.6xA[ HCO," |

de trastornos Lo IR For every 10 mmHg A in PCO,, HCO,™ | by

. acidosis? .
SIMpP les del ABE | I mEq/l (acute), 4 mEq/1 (chronic)
Rerpiatony) HHCO, For every 10 mmHg A in PCO,, HCO,™ — by

alkalosis® .
2 mEq/1 (acute), 4 mEq/I (chronic)

'PCO, =last 2 digits of pH

2lpH=0.008 x A PCO, (acute), |pH=0.003 xA PCO, (chronic)
1pH=0.008 x A PCO, (acute), tpH=0.003 x A PCO, (chronic)
@Winter’s formula




Resumen para la interpretacion de

los gases

e Check pH.

* Check PCO,/HCO.,.

* Select the appropriate compensation formula and determine it compensa-
tion 1s appropriate.

e Check the anion gap (correct for hypoalbuminemia).

e If the anion gap 1s elevated, check the delta ratio.

* Generate a differential diagnosis.



Role of kidneys in acid-base balance

Afferent vessel %‘f Efferent vessel

Proximal tubule
\ERIE[e NI 3 =

i HPO4™ ‘ Reabsolb
renal del R b
equilibrio 1
acido base l l

Distal tubule

Collecting ducts

Regulate acid-base
balance

Secreting HT ion
nto urine

Loop of Henle

To Urme| |To Urine H labpedia.net




Normal anion gap acidosis (hyperchloremic)
A. Loss of bicarbonate
Diarrhea
Intestinal, pancreatic, and biliary drains
Proximal renal tubular acidosis
Ureterosigmoidostomy
Carbonic anhydrase inhibitors
B. Failure to replenish bicarbonate stores
Distal renal tubular acidosis

Causas de
. . Renal tubular acidosis type 4
AC | d O S I S Decreased mineralocorticoid activity (Addison’s disease)

Potassium-sparing diuretics
t b 4 I C. Exogenous infusions
m e a O | Ca Ammonium chloride
L arginine and L lysine during parenteral nutrition
Rapid infusion of sodium chloride
High anion gap metabolic acidosis (normochloremic)
A. Excessive acid load — endogenous source
Ketoacidosis — diabetes, starvation

Organic acidemias

Lactic acidosis — tissue hypoxia, liver failure, inborn errors of metabolism, thiamine
deficiency, drugs (some antiretroviral agents)

B. Defective renal excretion of fixed acids — renal failure
C. Poisonings — salicylate, methanol, ethylene glycol




Manifestaciones clinicas de |a

acidosis metabolica

Acute metabolic acidosis

Tachypnea, Kussmaul’s breathing

Fruity odor of breath (in diabetic ketoacidosis)
Increased risk of cardiac arrhythmias (when pH <7.2)
Exacerbation of hypotension

Lethargy, stupor, coma

Vomiting, anorexia, drowsiness (in infants)

Chronic metabolic acidosis

Osteopenia, muscle wasting, growth failure



Evaluacion

de la
Acidosis
Metabolica

Serum lactate

Urine pH, osmolality

Urine glucose, electrolytes
Urine-blood PCO, gradient
Urine organic acids
Fractional excretion of HCO,

ABG

Serum electrolytes, ionized calcium
Serum creatinine

Serum and urine ketones

Random blood sugar

Serum osmolality



| Metabolic acidosis |
v
| Serum anion gap |
[

Normal
High

| Urine anion gap |

l [ l Lactic acidosis
DKA
Negative Positive
Renal failure
Z ¥
. IEM
Diarrhoea Renal tubular acidosis
Ingestion of acid , !
Urine pH
Serum K*

Bicarbonate loading

. - = =

Abordaje de

Proximal RTA Classical Distal RTA| |Distal RTA Type IV RTA
" " o (secretory defect) (voltage defect) l
d dCIdOSIS Uine pH <53
Urine pH > 5.5

Serum K* normal/low

metabolica

Serum K* Normal/high
U-B PCO,>/<20

Urine pH > 5.5 Urine pH >5.5 !
Serum K* normal/low | | Serum K* normal/high Aktj'oiterone
activi
U-B PCO, <20 U-B PCO, <20 i
FeHCO5; <3 % FeHCO5<3 % / \
Low High
Hyporeninemic Aldosterone
hypoaldosteronism| | "ésistance

U-B PCO, urine-blood PCO, gradient, FeHCO, fractional excretion of HCO,, K* potassium



Terapia con bicarbonato de Sodio

e Bicarbonato IV si el pH es menor de 7.1 con
compromise cardiovascular

e Proporcionar adecuada ventilacion

Man ejo d € |a * E| bicarbobato IV debe ser infundido
aCidOSiS lentamente

. e Estar al tanto de complicaciones con el uso del
|Cd bicarbonate de sodio

e Tris-Hidroximetil Aminometano (THMA)
producto alcalino level que reduce los
hidrogeniones sin afectar el CO2.

metabo




A. Chloride responsive: loss of acid (spot urine chloride <20 mmol/l)
Extra renal losses:
Gastric losses — vomiting, nasogastric drain, pyloric stenosis
Diarrhea — villous adenoma, congenital chloride diarrhea
Post-hypercapnia
Cystic fibrosis (chloride loss in sweat)
Dietary chloride depletion
Renal losses: diuretic use (remote)
B. Chloride resistant: gain of base (spot urine chloride >20 mmol/l)
Normotensive: Bartter syndrome, Gitelman’s syndrome, diuretics (recent)

Causas de E sl

Mineralocorticoid excess: associated with hypokalemia, hypertension

Al C a O S I S Primary aldosteronism: adenoma, hyperplasia

Apparent mineralocorticoid excess: 11 and 17a hydroxylase deficiency

V4 )
M et d b OIlICAd Glucocorticoid remediable hypertension, Liddle’s syndrome, drugs: licorice,
carbenoxolone

Secondary hyperaldosteronism: reninoma, renovascular hypertension, malignant
hypertension

Others: laxative abuse, milk alkali syndrome, bicarbonate use
Hypercalcemia, hypokalemia
Hypoalbuminemia
Blood transfusion (citrate)




Manifestaciones clinicas

Mild metabolic alkalosis (HCO, <36 mEq/l): asymptomatic

Moderate metabolic alkalosis (HCO3 3642 mEqg/l): paresthesias, weakness, orthostatic
hypotension, fatigue, muscle cramps, lethargy, hyporeflexia, muscular irritability

Severe metabolic alkalosis: (HCO, >45-50 mEqg/l): arrhythmias, tetany, seizures,
delirium, stupor

Complications: hypoventilation, hypoxemia, difficulty in weaning from ventilator,
increased digoxin toxicity, worsening of hepatic encephalopathy

Features of hypokalemia: muscle weakness, paralytic ileus, arrhythmias
Features of decrease in ionized calcium: neuromuscular irritability, tetany



Evaluacion de la alcalosis metabolica

 ABG

e Blood urea, serum creatinine

e Serum electrolytes, serum magnesium
e Serum ionized calcium, serum albumin
e Urine electrolytes

e Plasma renin activity

 Serum aldosterone levels



Metabolic alkalosis

{

Assess volume

SN

Volume replete/urine CI Volume depleted/urine ClI
>20 mmol/l <20 meq/l

Y

Trial of Cl repletion by saline

AN

Abordaje de la p—

Bartter's syndrome
Y Y

L]
a | C a | O S | S Gitelman’s syndrome
Cl resistant metabolic Cl responsive metabolic alkalosis
A alkalosis
. Y
metabolica R
Vomiting, nasogastric suction
High BP
Y Diuretics, post hypercapnia
Perform plasma renin & aldosterone levels Chlo_r |d<_e-deplet|ng diarrhea,
Cystic fibrosis
Y Y TN
High renin, Low renin, Low renin,
High aldosterone High aldosteron Low aldosterone
Y g ¥
Renal artery stenosis Liddle’s syndrome

Primary

Renin secreting tumors ;
9 hyperaldosteronism

Exogenous mineralocorticoids

Malignant hypertension GRA Congenital adrenal hyperplasia




Manejo de la alcalosis metabolica

@ Si responde a cloro: Corregir hidratacion, evaluar perdidas
gastrointestinales, suspender diureticos

I Si no responde a cloro: Tratar causa subyacente (Bartter, Gittleman,
o Alstronismo etc...)

Acertazolamida

Alcalosis refractaria: Dialisis (si amenaza a la vida)

Cloruro de amonio



Genera Acidos fijos
bicarbonato

fresco

Alteracion | Alteracién c‘:':":::::o
primaria primaria I:ia

ACIDOSIS 31 pCO2 l L
METABOLICA HCO disminuido

ACIDOSIS HCo,
RESPIRATORIA pCDzI ‘ I aumentado L
COH +H <«—> COH, «—> CO,+H,0
ALCALOSIS  HCO, "‘ pCO2 A
METABOLICA t 1 aumentado
ALCALOSIS  pCO2 l 1‘ HCO, l _ Reabsorbe
RESPIRATORIA disminuido bicarbonato Aporte tisular
B filtrado (respiracion celular)

RESUMEN







Optimal care for all children
with kidney disease.

Share our vision.

Vou are an important part of our global peciistric community.

O IPNA oo s




Discuss common signs and symptoms of kidney
disease In children

Define the role of the urinalysis in the diagnosis
of kidney disease

Recognize when to refer a patient to a pediatric
nephrologist

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Optimal care for all children
with kidney disease.



rearl # 1
= Which of the following signs and symptoms are suggestive of
kidney disease in children:

ALL OF THE ABOVE

— Stunted growth
— Hypertension



URINALYSIS

m “The Liquid Biopsy”
= “La Biopsia de los Pobres”
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History

= Middle Ages — Uroscopists -
“P1sse prophets™ used to
prognosticate the future by
examining the urine through
color, appearance and taste.
Physicians were frequently
represented as an individual
Inspecting a urine glass







Indications (Medicare)

= Symptoms or signs of a kidney/urinary tract
disorder such as dysuria, frequency, urgency,

nesitancy, flank pain, pelvic or abdominal pain,

nematuria, malodorous urine or edema.

= Follow-up in patient receiving treatment for a
urinary disorder

= Systemic disease such as diabetes mellitus,
hypertension, vasculitis, connective tissue
disorders .




Indications (Medicare)

Use of nephrotoxic drugs.

Sustained trauma affecting the genitourinary tract.
Unexplained fever.

Indwelling urinary catheter

Pregnancy

Signs and symptoms of dehydration



Indications for Screening U/A

1 AAP Recommendations

— 2007 removed routine U/A screening as a
recommendation

— 2014 U/A is not Indicated in healthy asympomatic
children






Specimen Collection

m Clean Catch midstream

= Catheterized

— Not indicated for U/A
= Suprapubic

— Not indicated for U/A
= Bag

— Good for U/A

— Unacceptable for U/C

= Squeezing Diapers-

NO NO NO



http://doityourself.com/photos/dog.gif
http://doityourself.com/photos/dog.gif

Physical Characteristics

m Color

— Red, Brown, Yellow

— Affected by diet and
medications

= Turbidity
— Clear, cloudy, turbid
Bacteriuria, pyuri




Specific Gravity

= Normal 1.000 — 1.030
= Depends on volume status

= First specimen in AM is the best to evaluate
concentrating abilities

= Proteinuria increases specific gravity



Chemical Characteristics

= Usually by dipstcik
= pH
= Protein



http://www.google.com.pr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XoW56w1p2uMx5M&tbnid=9KwGKHQ0dIPzMM:&ved=0CAUQjRw&url=http://www.medworldindia.com/Healthcheckup.htm&ei=DDr9U9KZD_HgsAS914D4BQ&bvm=bv.74035653,d.cWc&psig=AFQjCNGN3LXZ1RxjJWw89oz1zsyqX9Qqgg&ust=1409190711565953
http://www.google.com.pr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XoW56w1p2uMx5M&tbnid=9KwGKHQ0dIPzMM:&ved=0CAUQjRw&url=http://www.medworldindia.com/Healthcheckup.htm&ei=DDr9U9KZD_HgsAS914D4BQ&bvm=bv.74035653,d.cWc&psig=AFQjCNGN3LXZ1RxjJWw89oz1zsyqX9Qqgg&ust=1409190711565953

Urine pH

= Normal range 4.5 — 8
— Only from FRESHLY voided urine
— Depends on patient’s acid-base balance

= Alkaline pH

— Vegetarian diet

— Urea-spliting organisms

— Renal Tubular Acidosis (strips are not
sufficiently accurate to diagnose RTA)



Highly sensitive to albumin

Falsely positive with alkaline pH
— If high urine pH — get Urine prot/creat (N < 0.20)

May be positive in the presence of gross hematuria

Concentration

— Trace: 5 — 20 mg/dL
— 1+: 30 mg/dL

— 2+: 100 mg/dL

— 3+: 300 mg/dL

— 4+: > 2000 mg/dL




Pearl # 2




Blood

= Rely on peroxidase activity of

Hgb

= False positive with other oxidants
— povidone-iodine, hypochlorite or

bacterial peroxidase

= Myoglobin detected because has
peroxidase activity
— (+) blood, but no RBC’s

— Most common cause of (+) blood
without RBC’s 1s hemolyzed RBC’s
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http://www.google.com.pr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=J9lPejyO81CmfM&tbnid=FO0tzHWV0jCfhM:&ved=0CAUQjRw&url=http://www.tabletsmanual.com/wiki/read/kidney_disease_symptoms&ei=IDz9U73SAuHfsAThvoDYBw&psig=AFQjCNFLU1KPEokNx91XP7TMS94BEFLFxA&ust=1409191246385212

Pearl # 3

= The following laboratory finding should be rewfer

to a nephrologist As Soon as Possible:

— Bright red urine with clots

— Isolated asymptomatic microscopic hematuria

— Microscopic asymptomatic hematuria + Proteinuria
— Proteinuria during an acute febrile illness

— All of the Above



TRANSIENT PROTEINURIA

» Fever

= Exercise

= Cold exposure

= Seizures

u Stress

o Infusion of epinephrine
= Congestive heart failure



PROTEINURIA

n 80% of children with a positive urine for
protein have transient proteinuria

= Majority of children with isolated proteinuria
do not have a progressive renal disease

o [f hematuria is ruled out = most likely
benign



Dipstick

m Ketones

— Detects acetoacetate, but not hydroxybutyrate or acetone
— Fasting
= Leukocytes

— Threshold 5 -15 WBC/HPF
Ith vaginal




Glucose

= Modern reagent strips are specific for
glucose (relies on glucose oxidase)

= Glycosuria
— Diabetes
— Familial Renal Glycosuria
— Fanconi Syndrome
— In NEPHROSIS — FSGS until proven otherwise




Nitrite
= Relies on ability of Gram (-)

bacteria to convert urinary
nitrate tO nitrite Diagnostic Accuracy of D%esr_:rz;t Rapid Urine Testing for

Urinary Tract Infection
= |s not sensitive, but good T St % [ Sy % [ [
specificity =
— False negative when ascorbate is = [cow
If urine is not retali oo et _|__ i

LE = leukocyte estetase, +1R = positive likelihood ratio, -LR = negative likelihood ratlo.

From Downs SM. Praclice parameter: the diagnosss, treasment, and evaluation of the inisa urinary
teact infection in febrle infants and young childien. American Academy of Pediatrics. Commitiee on
Quahty Improvement. Subx e on Urinary Teact infection. Pedbanacs. 199900344, pt 1):843.852"
and Whiting P, Westwood M, Watt L et al, Rapk] tests and urine sampling techalkques for the diagnosts
of wrinary tract infection (UTD in children under five years of age: a systematic resiew, BVC Pedialr,
2005:54."

t4 hrsto




12 ml of urine
Spun X 5 mins at
1500 rpm

Resuspend pellet in few
drops of urine

Scan at low power
(100x) and then high
power (400X)




m UTI

= Tubulointerstitial
nephritis

= Medullary sponge
Kidneys




Red Blood Cells




Squamous Epithelial Cells

= Vaginal Contamination




A cylindrical mold formed in the lumen of
renal tubules

Formed as the result of the precipitation of
Tamm-Horsfall protein

The presence of casts In urine is usually
accompanied by proteinuria

Casts are always of renal origin and
Important indicators of intrinsic renal
disease



Granular Casts

m Indicates renal disease

= Composed of
degenerated cells




WBC Casts

= Pyelonephritis
= Glomerulonephritis

m Tubulointerstitial
disease




Hyaline Casts

= Protein with no
formed elements

m Small number are not
significant




RBC Cast

= Hemoglobin cast

= Bleeding into the
nephron

= Glomerulonephritis
= ATN







Low Birth Weight and
Chronic Kidney Disease

Melvin Bonilla-Félix, MD, FAAP
Chair,

Department of Pediatrics, University of Puerto Rico

Optimal care for all children
with kidney disease.

¥You are sn important part of our global peciistric community.
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Agenda

* Introduction to the concept of Developmental Origins of
Health and Disease (DOHaD)

* Renal programming and nephron endowment

* Discuss the effect of prematurity and intrauterine growth

restriction (IUGR) on nephron endowment and thereby its

impact on kidney function and hypertension in adult life




CKD: MORBIDITY AND MORTALITY
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Expected Remaining Lifetime in Years of Prevalent
Patients by Initial ESRD Modality, 2015

Dialysis Transplant General
Age group i . .

patients patients population
0-4 22.0 57.7 77.0
5-9 22.8 56.2 72.1
10-13 23.3 52.1 67.6
14-17 20.6 48.9 63.7
18-21 17.6 45.6 59.8

22-29 15.7 42.3 54.1

Data Source: Special analyses, USRDS ESRD Database, USA SSA (Social Security Administration) Period Life Table 2015. Includes period prevalent ESRD dialysis
and transplant patients in 2015. Abbreviation: ESRD, end-stage renal disease.

2018 An‘fnual Data Report Vo%lume 2 ESRD, Chapter 7
) || B
B i(’;)u ‘ ’ : A \’



¢ Developmental
Origins of Health and

E.?sv:;t:fe Disease (DOHaD)

months
shape
therest_
of your life

The new science
of fetal origins
BY ANNIE MURPHY PAUL

October 4, 2010




Renal Programming

* Insults during fetal life e e Mother
g ) et b ‘
“program” the kidney ' '
Placenta
. p Renal programming
* Accounts for the ‘first hit’ rogramming - ﬁ’\, "
'T‘SNGFR
to the kidney, thereby at % Fetus
J,GFR
risk for a ‘second hit’ due =

Reprogvammmg slmtegy

to postnatal events

Chronic kidney disease R Comorbidity (e.g. Hypertension) l

Consequences Adult

Tain YL et. al. Int. J. Mol. Sci. 2017, 18, 381



Critical Stages in the Development of the kidney

A

Wnt9b

v
Fgf8
Whntd
Lhx1
wt1
Pax2
Hoxd11

Ret 5ox2

Wntob
0 Girad)

) ®
K'dney ) Wnt9b, Pax2, Gata3, Lhx1 Nephric duct |
Embryogenesis

phric duct and

[A)zgearezr:d .Cervucal : Nonfunctional
R A‘Epweek intermediate o Degenerate and pronephric duct C
mesoderm = provides roadmap for further development
ApD 'g /< phric duct and
= Tubules form temporary kidneys

Duct degenerates in female

Duct shifts function in male by becoming
wolffian duct from urinary to reproductive

=  Epididymis, Vas deferens, Ejaculatory duct

Primary excretory
th

gtgan UpAo S wic Thoracic & Lumbar

Completely

degenerate by

1

intermediate
mesoderm

&
Appear in 5'" wk. 2D 2 :
&pgaexist with umbar & Sacral §\)\/ 5 Ureteric bud ic
tETne i siE 3 « Forms metanephrogenic cap
::J?;?:s:{z;m sadern %!75 « Forms bowman’s capsule, PCT, Loop of Henle
10t LB and DCT
wk. QL i
Ureteric bud: = Permanent kidney UB outgrowth
= Mesonephrjfduct derivative / (Week 4)
Forms. cting tubules, Calyces and _/
er
= Induces differentiation of
metanephric mass
- Trimester 3

Quigley R. Curr Opin/Pediatr.2012;/24(2):184-90

Chevalier RL. Kidney 360 Vol. |, Issue 827 Aug 2020




Nephrogenesis

PRETERM TERM
DELIVERY DELIVERY
Conception ~Week 23-37 Week 37-42

| = i ~"

. 7
Y |
Week § Week 9 From ~Week 20 Week 34-36
MNephrogenesis Formation of Mephrogenesis rapidly MNephrogenesis
it il nephrons on-going is complete in
begins humans
No new
nephrons
formed after
this time point

Black, Mary & Sutherland, Megan & Gubhaju, Lina. (2012). Effects of Preterm Birth on the Kidney. 10.5772/26471.



Mechanisms Involved in Renal Programming

Developmental plasticity'

* During development, one genotype

can lead to different functional and

a developmental programme model: 2 )
morphological phenotypes under
| genotype === 1 phenotype the influence of new inputs from
R R W the genome and the environment
phenotypic outcome * Enables offspring to adjust their
of the organism’s . .
| genotype % e morphology, physiology, and behavior
will vary depending on to maximize their fitness within the
environmental conditions . .
confines of their environmental

conditions

1. West-Eberhard MJ. Proc. Natl Acad. Sci. USA.2005; 102 (suppl. 1), 6543—6544

2. Sultan SE. 2017 Interface Focus 7: 20170009.\ http://dx.doi.org/10.1098/rsfs.2017.0009



Mechanisms Involved in Renal Programming

Barker’s Hypothesis

David Barker 1989: Fetal Programming

— Complex interaction between genetics and

* Barker’s Hypothesis

environment determines growth and

° Prenatal events increase risk Of susceptibility to disorders in adult life
adult diseases

The “Brenner-hypothesis”

” neph ron u nderdos‘ng ) (1) Surgical Renal Ablation
(2) Intrinsic Renal Disease
(3) Solitary Kidney

(4) Severe degrees of
renal dysgenesis

* Brenner’s Hypothesis

* Low nephron endowment
enhances susceptibility to
hypertension and chronic kidney

disease in later life cton
reauction in

glomerul(ar filtration surface

* How many nephrons are sclerosis area/hyperfilration

enough?
glomerular /

systemic
hypertension

et:al AmJ Hype,iteﬁ*; 1988;1:335-347




s R
b A } Nephrogenesis -
= ‘\ andmaturation ¢

: U \

_ \ Pl o\

Developing
metanephric
kidney

Inutero Perinatal Early childhood

* Nephron number at birth (completion of nephrogenesis: 34 — 36 weeks)

https:// reports.mountsinai.org/article/ﬁédsZOZ I 9 3-environmental-risk-factors-kidney-health

4R



Factors Affecting Nephron Endowment

Table 2. Clinical associations with low nephron numbers [reproduced with permission from 67]

Clinical feature Association with nephron number Population Reference

Low birth weight T 0f 257,426 glomeruli per kilogram USA white and black, children and adults
increase in birth weight

Prematurity | glomerular number in preterm vs. term US premature and full-term neonates
infants

Nephron number 1s 2% [ower 1n females USA white and black,

Age 1 3,676 glomeruli per kidney per year of age USA white and black, Aborlgmal Austrahan 66
>18 years

Adult height 128,000 glomeruli per centimeter increase in ~ Aboriginal Australian, German, white 52, 66
height

Kidney mass 123,459 glomeruli per gram of kidney Infants <3 months of age 68
tissue

Glomerular volume Inverse correlation between glomerular volume  US white and black, Aboriginal Australian, 52, 55, 61
and nephron number German adults, Cuban infants

Ethnicity | Aboriginal Australian vs. US white and black ~ US white and black, Aboriginal Australian 66

Remuzzi G et. al. Nephron 2017;136:3—-49



Adverse Events in Early Life Renal Adverse Events in Postnatal Life Clinical

(First Hit) Programming (Second Hit) Consequences
Maternal malnutrition/diabetes
Accelerated growth Hypertension
Placental dysfunction
Obesity/Diabetes Proteinuria
Pre/Peri-natal infections ~——  Low nephron number — —
AKI Glomerulopathy
Excess glucocorticoids
Nephrotoxic drugs CKD/KF
Prematurity

lyengar A, Bonilla-Felix M. Adv Chronic Kidney Dis. 2022;29:243-250




How Common is Prematurity and LBVV?

* Worldwide*
* Pre-term birth:1 1%
* LBWV: 15-20%

« USA-2019"

* Pre-term birth: 382,061 (10.23% of all births)
* LBWV: 311,245 (8.31% of all births)

« LMIC#
* Total (LBWYV, Pre-term Birth, SGA): 36%

*Blencowe H et. al. Lancet 20I2;379:2I62—i|72. ' #lLee AC et. al. Lancet Glob Health

+Martin JA et. al. Natl Vital Stat Rep. 2021;70:1-51 2013;1:e26-e36



g BAJO PESO AL NACER 1998-2012

Fundanier 3

para el Nifo Enfermo Renal

|

Low birth weight (% births)
n
o

n
0

* 20-25 millones con BPN
cada ano

* 95% en LMIC

-l
o,

7 < < <
990 %0 Cb? OOq 9006‘ 9000 '?o’o \30,9
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Fundanier

Fundacisn para el Nific Enfermo Renal

BAJO PESO AL NACER

Bajo peso al nacer

Si No
f % f %
Antigua Guatemala 11 11.8% 82 88.2%
Coatepeque 12 14.6% 70 85.4%
Coban 14 10.4% 120 89.6%
Cuilapa 15 16.7% 75 83.3%
Escuintla 12 10.2% 106 89.8%
Huehuetenango 32 72 69.2%
Izabal (HAJG) 9.7% 56 90.3%
Petén, San Benito 18.0% 41 82.0%
Quetzaltenango 28 65 69.9%
Retalhuleu 6 12.0% 44 88.0%
Hospital Roosevelt 44 20.3% 173 79.7%
San Marcos 24 33 57.9%
Totonicapan 27 51 65.4%
Zacapa 9 17.0% 44 83.0%
Total 249 19.4% 1032 80.6%

MEXICO

@ MundoChapin.com

19.4% (9.7%-42.1%)

Provided by Dr. Randall Lou-Meda

~

BELICE

EL SALVADOR




Prematurity

* Prematurity can result in low nephron endowment

* Nephron number strongly correlates with gestational age until
nephrogenesis is complete

* Interrupts normal nephrogenesis

* Glomerulogenesis continues after preterm birth in an
accelerated manner leading to abnormal glomeruli and thereby
reduced functional nephron mass

Hoogemboon LA et. al Pediatr Nephrol. 2021; Jul;36(7):1673-1681.

1



Mechanisms for Low Nephron Number in Prematurity

* Kidneys obtained from autopsies in extremely
premature infants

* Glomerulogenesis is decreased in all preterm infants
as compared to term controls and correlated
significantly with gestational age

* Active glomerulogenesis is absent in longer surviving
preterm (older than 40 days of age) and all term
infants

* Although the kidney continues to develop postnatally in

preterm neonates, glomerulogenesis ceases 40 days after

birth and is interrupted by kidney failure

Rodriguez MM et. al. Pediatr Dev PathoI?004;7: | 7-25

e



Prematurity, Kidney Size and Kidney Function

Median of Differences

Mean Difference or
Term (95% Cl) PValue

Outcome Measures ‘ Pairs, n Preterm

Kidney structure and function

Kidney volume per BSA, cm?*/m? -10.3(-14.9t0 -5.7)
Kidney volume, cm? -28.8 (-37.7 t0 -20.0)
eGFR Scr, mL/min per 1.73 m? 86 117.2£11.0 117.3£10.3 -0.10 (-2.8 0 2.6) 0.582 ‘
eGFR Scys, mL/min per 1.73 m? 83 106.2+12.2 106.8+12.7 -0.58 (-4.4103.2) 0.761 ‘
eGFR Scr-Scys, L/min per 1.73 m? 82 111£10 111£9 -0.39 (-3.2t0 2.5) 0.786
H - 0 (% Y 8 (90 80/ i
ACR, mg/mmol 87 0.70 (0.47 to 1.14) 0.58 (0.42 10 0.78) 0.16 (0.04 0 0.29) 0.007*
Creatinine (serum, Scr), pmol/L 91 70«10 70+9 -0.06 (-2.07 t0 1.93) 0.945
I Cystatin-C (serum, Scys), mg/L 83 0.85+0.10 0.85+0.10 0.00(-0.02 t0 0.03) 0.822

Paquette K et. al. Hypertension 201}§; 72:918-928



Impact of Prematurity on Kidney Function

* 4,186,615 singleton live birth (Swedish

Gestational age at birth (weeks)

. . . Very or extremely preterm (<34)
Natlonal Bll"th ReglstrY) Late preterm (34-36)
----- Early term (37-38)
* Preterm birth increases risk of CKD from 7 Fullterm (39-41)

birth into mid-adulthood.

* Increased risk even among those born at near
term (37-38 wk)

* The association was strongest at ages 0 - 9 y/o

Adjusted hazard ratios for CKD

but persists at 10 - 43 y/o % 10 20 20 40 50

Attained age (years)

¢ These associations affected bOth males and Fig 1 | Adjusted hazard ratios for chronic kidney disease (CKD) by gestational age at

. birth d with full t birth, Sweden, 1973-2015
females and did not seem to be related to IR compared with TUT term BIrEh, swecen

shared genetic or environmental factors

Crump Cet. al. BM.J 2019;365:I1346
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Prematurity and Blood Pressure ;3 SR
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<32 33.36 37-38 39-41 .42
Weeks of gestation

M A ra = A — —_—— =

N
N oW A

L 1 L ]
-

DBP (mmHg)
3

* Young adult women born

~
o
1 1

{};{

T T T T T
<32 33-36 37-38 39-41 -42
Weeks of gestation

relative risk of systolic :

()]
©

prematurely have an adjusted

-]
-]

hypertension of |.72 compared £ { ;
to women born at term or post- 2o b }

85

r
< 52 33‘-36 37:36 39:41 -;2 L
te rl I | Weeks of gestation t

Figure 1. Systolic blood pressure (SBP), diastolic blood pressure
(DBP), and mean arterial pressure (MAP) according to gestational
age among 4973 young Swedish women who volunteered for
military service between 1990 and 2007. Data are expressed as
estimated means and 95% Cls adjusted for birth weight Z score,
height, maternal education, and patemal education.

Skudder-Hill L et.a. J Am Heart Assoc. 2019;8:€012274



Prematurity and ABPM

Table 3 Mean 24-h, daytime and night-time blood pressure values, blood pressure load, renal function and size, and renin concentration in SGA
and AGA preterms and controls

SGA AGA Controls SGA vs AGA AGA vs Controls
N=21 N=29 N=30
* The baseline SBP, mean 24hrs SBP, -
.“ (NIA !\/'“ (NIA l\rlﬂ (NAY “ D “
mean daytlme SBP, SBP Load Baseline SBP (mmHg) 124.1 109 1254 9.9 1177 82 0.641 <0.001"
ace > Ho) /U ) U X /U /X (ﬁ 1] /] {1} U4/ [IRET
measured by ABPM is higher in 24-1 blood pressure
SBP (mmHg) 1180 7.9 1194 8.6 1159 7.9 0.534 0.042°
. — _—
premies, regardless of whether they DBP (mmHiz) 654 73 685 49 676 64 0994 0.600
Daytime blood pressure
were born small or adequate for SBP (mmHg) 1227 87 131 85 1196 76 0816 0.031°
DBP (mmilg) 73.0 5.0 72.2 S 7T 6.0 0.052 0.819
gestational age' Night-time blood pressure
SBP (mmHg) 1079 83 1109 9.1 107.9 94 0.254 0.118
neoD Ll SO 1 -7 2 S0 C - S0 O 1 042 4 0 880
o Kidneys are also smaller [ sepioa o) 170 200 181 202 123 165 0817 0.049° |
DBP load (%) 101 s 7 7.5 13.8 173 0795 0.251
. . . . Nocturnal dip SBP (%) 12.0 53 99 44 9.8 95 0.204 0.928
> Prematurlty alone IS a predlsposmg Nocturnal dip DBP (%) 20.3 73 17.3 6.4 18.1 6.5 0.161 0.497
. . ) Creatinine clearance (m/min/1.73 m?) 1065 221 1194 310 1096 319  0.116 0.255
risk factor for hlgher S)’StO'IC blood Creatinine (umol/l) 71.6 9.1 70.7 123 720 132 0811 0.881
o H 2 3 h (cm) 20 3 14 20 7 | 21 7 18 {} 218 ﬂ(ﬁ?
pressure, mdependently of birth ' Total kidney volume (cm’) 2525 802 2632 493 3103 797  0.385 0.021° 1
enin (ng 'ml/h) 1.8 0.8 Z.2 0.y 2.3 1.1 0.097 0.852
weight

20 y/o born < 32 wks of gestation (SGA or AGA) vs Term (37-42)

Keijzer-VeenMG et. al Pediatr Nephrol. 2010; 25:509-516.

|



Prematurity and IUGR

* Glomerular maturation in IUGR neonates is affected even more
compared those with only prematurity and reduced capacity for

postnatal glomerulogenesis

* Prematurity and growth restriction impact podocytes and glomerular

vasculature

* A low nephron number is accompanied by glomerular hyperfiltration that

eventually causes glomerular hypertension, hypertrophy, expansion of

glomerular basement membrane and podocyte detachment




Impact of Intrauterine Growth Restriction on Kidney Size

Intrauterine growth restriction 1s accompanied
by decreased renal volume 1n the human fetus

Lori E. Silver, MD,2:>.d Philippe J. Decamps, MD,2P Lisa M. Korst, MD, PhD,a.c.d
Lawrence D. Platt, MD,4 and Lony C. Castro, MD¢

Los Angeles and Pomona, Calif

* Kidney volume in fetuses with IUGR were 31% lower than in

fetuses with no IUGR, independently of estimated gestational age

Silver LE et. al. Am J Obstet Gyriecol. 2003; 188: 1320-5



1,500,000 -
L] L] ®
Birth Weight ,
~
£ 1,000,000 -
o
o
* Low birth weight results from prematurity, g 500,000 -
intrauterine growth restriction or both =
-]
z
* Birth weight has a strong impact on 0 -
glomerular number and volume, that is ' ' '
2.0 2.5 3.0 3.5

independent of gender and race
Birth weight, kg

Fig. 5. Relationship between birth weight and total glomerular number

* With every KgI in birth weight, there

is an Iin 25 7,426 glomeruli (Ngom) for infants, children, and teenagers under 18 years old. (®) N,
vs. birth weight; ( ) Ngom vs birth weight regression; (- —) 95%
* 23,459 glomeru“/gram of kidney regression CI; (------ ) regression prediction interval. The regression
. . coefficient predicts a gain of 518,038 glomeruli per kg increase in birth
mass in early infancy weight, r = 0.773, P = 0.0053, N = 11.

Hughson M et. al Kidney Int 2003;63:2113-22



Impact of Low Birth Weight on Kidney Function

* Low birth weight!
» 70% greater risk of CKD
* 80% greater risk of albuminuria

* 60% greater risk of kidney failure

* 7,457 young adults: an increase in estimated GFR of 7.2 mL/min in men and

5.7 mL/min in women per each Kg increase in birth weight?

1. White SL et. al. Am J Kidney Dis. 2009 Aug;54(2):248-61

2. Hallan S et: al: Am J Kidney Dis.2008; Vol 51'1,' 01l (January), 10-20



Birth Weight and Blood Pressure

* Low birth weight infants have
lower blood pressures at birth, but
have a relatively greater increase in
blood pressure between birth and

early infancy

* This results in higher blood

pressure later in life

Launer LJ et. al. BMJ. 1993; 307:141 — 1454
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The Effect of Catch-up Growth
Accelerated Weight Gain

* 346 British men and women aged 22 years whose size
had been measured at birth and for the first 10 years
of life.

* The highest adult blood pressures were observed in
those who had been small at birth but who gained
weight rapidly during early childhood (I to 5 years)

* The systolic blood pressure increased by 1.3 mm Hg
for every standard deviation score decrease in birth
weight

* Independently, there was also a |.6 mm Hg increase in
systolic blood pressure for every standard deviation
score increase in early childhood weight gain.

Law CM et. al Circulation. 0’2;105:1088-1092.
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Table 7. Examples of primary kidney diseases that progress more
rapidly in patients with low birth weight (LBW)

Clinical findings

IgA nephropathy [172, 173]

Increased hypertension and glomerulosclerosis in LBW children
Increased progression to end-stage renal disease if LBW and/or
small for gestational age, especially among males

Membranous nephropathy [181]
LBW associated with steeper decline in glomerular
filtration rate

Minimal change disease [172, 174, 177]
More relapses and steroid dependence in LBW children

Chronic pyelonephritis [179]
Patients with progressive deterioration in renal function had
lower birth weight

Autosomal dominant polycystic kidney disease [178]
Earlier onset of end-stage renal disease with lower birth weight

Focal-segmental glomerulosclerosis [180]
Very LBW and preterm birth are risk factors for focal-segmental
glomerulosclerosis

Alport syndrome [182]
More rapid progression in LBW identical twin

Remuzzi G et. al. Nephron 2017;136:3—-49




[ Early adult life J

\_ Reduced kidney volume
{ Post nephrogenesis J Hypertension, Salt sensitivity

Catch-up growth

Proteinuria

;' N Low renal functional reserve

Chronic kidney disease
Reduced nephron mass

Progression of primary renal disease
During nephrogenesis Hyperfiltration

Podocyte injury

Disrupted glomerular vasculature
O Low nephron number daat

Abnormal and enlarged glomeruli
Risk of neonatal renal dysfunction

Intra Uterine Growth Restriction
Prematurity

Figure 2: Consequences of growth restriction and prematurity on the kidney through phases
of life.

lyengar A; Bonilla-Felix M. Adv Chronic Kidney Dis. 2022;29:243-250




REPROGRAMMING

* Developmental plasticity is
potentially bidirectional

* Administering or supplementing
beneficial substances or blocking
deleterious substances has
demonstrated that hypertension, renal
injury and CV disease can be
ameliorated

* Intrauterine and early postnatal
development, is when programming
acts to (re-)set the kidneys

¢ Most reprogramming strategies
encompassed both pregnancy and

lactation in order to span the entire
period of nephrogenesis (in rodents)




Reprogramming

* Dietary
* Breastfeeding

* Micronutrient supplementation
during 2"! and 39 trimesters

* LCPUFA (Long-chain
polyunsaturated fatty acids)

supplementation

* Anti-oxidative therapy

* Experimental animals



Reprogramming

] 1 . .
ReRrogrammmg 'Fhe Balance of N!tf’lC pur—— ’ Maternal
Oxide and Reactive Oxygen Species Nutrients Imbalanced Nutrition | Mother
- -

* Increase NO availability - Sildenafil, Citrulline, <‘

Melatonin, Vitamin C, Vitamin E, Selenium, Reprogramming strategy | Oxidativestress PlacafitE
Resveratrol « Amino acids %
* Vitamins
0 9 e T | t ¥
* Probing the Renal Transcriptome b e Edtus
. X . . . * Resveratrol
* Inhibiting glucocorticoid synthesis with the Py

| I beta-hydroxylase inhibitor metapyrone

* Modify Epigenetics
* Enhanced methylation of the eNOS

promoter — Melatonin and Adult
pentaerythritoltetranitrate (PETN) Rl

Tain YL et. al. Int. J. Mol. Sci. 2017, 18, 381



Prevention of Renal Programming

* Preconception Care and Embryonic Health

* Counseling and optimization of maternal weight and nutrition, and avoidance
of alcohol, tobacco, and caffeine before pregnancy.

* Reduce Fetal Exposure to Maternal Diabetes and Obesity

* Preterm birth, LBW, and SGA must be recognized as risk factors for AKI
SOCIETA ITALIANA
NEFROLOGIA

* Every effort to prevent AKI should be made

* Optimize infant nutrition

* Breastfeeding

Consensus Statement Italy

b
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* Health care workers should communicate the need for follow-up in at-risk infants to parents
and colleagues to ensure appropriate follow-up

* Growth-restricted, preterm, or LBW infants as well as those exposed to preeclampsia or
GDM should undergo annual BP measurement at least from 3 years of age and annual
urinalysis

* Very premature children (<32 weeks of gestation) or children with VLBW or AKI postnatally
should be screened for hypertension at not later than | year of age

* To detect small kidneys, asymmetry, or structural abnormalities, we suggest, if feasible, a
baseline renal ultrasound, and follow-up should be performed as indicated

* Families of preterm or LBW children should be instructed about a healthy lifestyle and
avoidance of nephrotoxic agents.

* If hypertension, previous AKI, proteinuria, associated CVD, renal anomalies, obesity, or
diabetes are present, assessment of renal function, including also albuminuria and
proteinuria, should be performed at least every 2 years until school entry i

A ITALIANA

e a

Consensus Statement ltaly socier
7 | N



* Screening of children who were growth restricted, pre-term, LBV, or exposed to
preeclampsia or GDM should be performed at planned checks of child
health status, medical visits, or at 2-year intervals throughout school
years.

* Rapid weight gain in infancy and early childhood should be avoided.

* From childhood onwards, a careful dietary habit with low salt and reduced
carbohydrates and saturated fat, as well as adequate physical activity should be
adopted.

* From age |8 years onwards, we recommend monitoring of blood pressure,
BMI, and urinalysis 2 x year until 40 years of age, and thereafter at
yearly intervals.

* Individuals with high blood pressure or abnormal proteinuria require long-term
follow-up and timely institution of renoprotective therapy.

Consensus Statement Italy SociETA AN

b L .
|




Recomendaciones: Consenso Colombia

* Las cinco estrategias que conforman este consenso son las

siguientes:

Estrategia |.Reconocer los ninos con BPN como poblacion en riesgo de ERC.
Estrategia 2. Favorecer un adecuado crecimiento en los ninos con BPN:a traves de una
nutricion 6ptima.

Estrategia 3. Realizar un diagnostico oportuno de Lesion Renal Aguda (LRA) en los

ninos con BPN y estrategias de prevencion y proteccion renal.

Estrategia 4. Evaluacion de la funcion renal en el periodo postnatal inmediato.

Estrategia 5. Evaluacion de la funcion renal durante los primeros dos anos de vida y
seguimiento posterior.




Possible Strategies for Guatemala

* Identify infant with birth weight < 2,500 grams and/or < 36 weeks of gestation
* Monitor blood pressure, urinalysis, and kidney function in the hospital
* Avoid AKI (nephrotoxic drugs, dehydration)

* Consider kidney ultrasound before discharge from hospital, if small kidneys consider
repeating in 6 — 12 months

* Educate family about healthy lifestyle and prevent obesity
* Evaluate once a year (Urinalysis, blood pressure)

* Consider repeating kidney ultrasound and estimating GFR, if indicated

* If hypertension, proteinuria, decreased GFR or small kidneys for age — refer to
Nephrology




Conclusions
| hope that | convinced you that.....

* Premature and low birth weight infants are born with a decreased nephron
number, increasing the risk of high blood pressure and CKD later in life

* Strategies to prevent renal programming, including optimal maternal nutrition,
prevention of cigarette smoking, alcohol and caffeine consumption during
pregnancy, should be emphasized

* Low birth weight and premature infants should be referred for evaluation
after discharge from hospital

* Primary physicians must include perinatal events (birth weight, gestational age,
AKIl in the immediate postnatal period) as part of their routine past history.

* If the patient has Hx of LBW or prematurity, periodic follow up with
measurement of BP, UAC ratio and eGFR is indicated
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Balance del
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Balance
del K+

Los tres

components

clave de las
alteraciones del

potasio son:

Excrecion del
potasio por el
rinon

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014

Movimiento de
NCERAECE
de K + de las
celulas

Excrecion del
potasio por el
tracto intestinal




Manejo renal

del potasio
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Indices urinarios
utilizados en |a

evaluacion de los
desordenes de |a
homeostasis del
potasio

e Potasio en muestral aleatoria de orina: <15 mmol en
prsencia de hipokalemia = function adecuada > 15 =

Perdida renal

» K*/Cr en orina.

Menos a 1.5 en presencia de hipokalemia, funcion normal

e FeK =normal es <3%

K™ urinario/potasio serico X creatinine serica/creatinine

urinaria Xel00

* TTKG — gradiente transtubular de potasio indirectamente

evalua aldosterona

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Grupo etareo Rango de Potasio
sérico en mEq/dL

Pretérmino (< 37 semanas) 3.0-6.0
K _|_ normal Recién nacido (hasta los 30 dias) 3.7-5.9
d@pendﬁ de Lactante menor (1m-12m) 4.1-5.3
Lactante mayor (12m-24m)
la edad
Preescolar (2a-5a) 3.4-4.7
Escolar (6a-11/12a)
Adolescente (13a-18a) 3.5-5.1
Adulto (>18a)

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Hipokalemia



Hipokalemia

Potasio serico <3.5 mmol/l




Fisiologia

de la
hipokalemia
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Causas de

hipokalemia

Spurious hypokalemia: (Abnormal white blood cells take up potassium from
extracellular compartment when stored at room temperature)

Leukemia

Redistribution: (Movement of potassium from extracellular to intracellular
compartment)

Aldosterone, beta-adrenergic agonists, hypokalemic periodic paralysis, alkalosis,
exogenous insulin, hyperthyroidism

Extrarenal losses:

Excessive sweating, diarrhea, burns, fistula and ostomies, short bowel syndrome,
malabsorption syndromes

Renal loss:

Drugs: thiazide and loop diuretics, carbenicillin, Amphotericin B

Hormones: aldosterone, cortisol

Magnesium depletion: aminoglycosides, cisplatin

Intrinsic renal defect: Bartter syndrome, Gitelman’s syndrome, Liddle’s syndrome
Bicarbonaturia: metabolic alkalosis, proximal renal tubular acidosis

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Evaluacion del paciente con

hipokalemia

Serum potassium, sodium and chloride

EKG (see Fig. 2.4)

Serum magnesium, calcium, phosphorous, alkaline phosphatase
Blood urea/serum creatinine

Urine potassium, urine creatinine

Arterial blood gas
Plasma and urine osmolality to estimate transtubular potassium gradient

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



e [Leve es asintomatica

e Severa: (serum K+ <3 mmol/l) debilidad

Manifestaciones generalizada, fatiga, calambres

it de 1 * Hipokalemia severa puede estar relacionado a
climnicas de 1a rabdomiolisis
hlPOkalemla e Arritimias, debelidad muscular, alteraciones
aguda respiratorias

* Cambios electrocardiograficos

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



ECG changes in hypokalemia
V1 V4

Cambios del ve ve
ECG en la |
hipokalemia

V3 Ve

Ny SIS Y P

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014




Falla de crecimiento

. . Cambios tubulointersticiales
Manifestaciones

clinicas de la —
hipokalemia Poliuria

cronica

Alcalosis metabolica

Intolerancia a la glucosa

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



K* < 3.5 mEq/|

¥

Exclude spurious and transcellular K*shift

Life threatening emergency (arrhythmias, respiratory
paralysis)

Yes

y

Treat immediately

No

Spot urine K*

<15 mmol/l >15 mmol/l
Acute onset of weakness Renal losses
(See below)

hipokalemia -

Familigl or ABG
sporadic PP
hyperthyroidism

' |

Metabolic acidosis Normal Metabolic alkalosis
Diarrhoea Low intake Former use of diuretics
Enteric fistula PEM
Burns Cation exchange resin use in CKD
Laxative abuse

PP periodic paralysis, PEM protein energy malnutrition, ABG arterial blood gas, CKD chronic

kidney disease

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014




Renal loss
(Spot urine K > 15 mmol/l)

ABG

Abordaje de |la
h i p O ka | e m i a Metabol‘i; acidosis Metab‘c:Iic alkalosis No::nal

Distal RTA, Recovering phase of ATN,

V4 .
por perdidas
Blood pressure

drugs (Amphotericin B, hypomagnesemia,

carbonic anhydrase inhibitors), d inoal id
diabetic ketoacidosis, cir:[:%:tgr?? i b e
re n a e S ureterosigmoidostomy
Hypertensive Normal
Y
Measure PRA and PA Urine CI~
Y Y Y <20 mmol/I >20 mmol/l
High PA Both low Both high
Low PRA Vomiting Bartter's syndrome
Nasogastric suction Gitelman’s syndrome
PHA LS, RAS, Congenital chloride diarrhea Diuretics
Adrenal AME, COA, Posthypercapnic alkalosis
= RST
tumour, CAH
GRA

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014




* Manejo en emergencias (cambios en el ECG, paralisis
respiratoria)

* Elevar el potasio sérico a un rango seguro (>3
- mEq/1).
Tr atamlento de la * Cloruro de potasio (KCl) como dosis intravenosa en

bolo (administrada en 1-2 min) seguido de una

hlpOkalémla perfusion a tasa de 0,015 mEqg/kg/min.

* La concentracion de K+ en la inyeccion IV no debe
exceder los 60 mmol/l durante la administracion IV,
80 mmol/L via central, y no debe mezclarse con
solucion glucosada.

sintomatica

* La perfusion tampoco debe contener HCO 3 porque
esto podria agravar el grado de hipopotasemia por
aumento de la redistribucion de K+ del espacio
extracelular a el espacio intracelular.

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



* Se debe tener precaucion en nifios con
hipopotasemia debido al aumento del turno
K + en las células como terapia agresiva
con KCI puede estar asociado con un riesgo
potencial de hiperpotasemia de rebote,
debido a K + liberado rapidamente de las
c¢lulas cuando el desplazamiento K +

Precauciones del restelve.
Tratamiento * La hipopotasemia debe corregirse antes

de corregir la acidosis metabolica.

* La deficiencia concomitante de magnesio
puede exacerbar la hipopotasemia y hacerla
refractario al tratamiento con
suplementacion con K+.

* La monitorizacion cardiaca y un catéter
venoso central son esencialestment.

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



La velocidad de perfusion de cloruro de
potasio no debe exceder 0.5-1 mEq/kg/h

Manejo de
I hipokalemia no

urgente

Debe ser reemplazado por suplementos
orales o nasogastricos de cloruro de potasio
(1-3 mmol/kg en dosis divididas) tan pronto
como el nino comience a tomar por via oral,

titulacion con niveles séricos de K.

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Hipokalemia asintomatica

EL PILAR DE LA TERAPIA ES POTASIO
ORAL (3-4 MMOL /KG/DIA)

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



* Cloruro de potasio (20 % KCI1 1 ml = 2 mmol) —
Es el mas comun.

Formul aciones de  Citrato de potasio (1 ml = 2 mmol) — Util en

ninos con acidosis tubular renal.

sales de potasio * Fosfato de potasio (94 mg PO 4 y 4.4 mmol K +
oral disponibles en

/ml) — Util en nifios que también tienen
hipofosfatemia (cetoacidosis diabética, nifios en
terapia renCloruro de potasio (20 % KCl1 1 ml =2

61 merc ad() mmol) — Es el mas comun.

 Citrato de potasio (1 ml =2 mmol) — Util en
ninos con acidosis tubular renal.

* Fosfato de potasio (94 mg PO 4 y 4,4 mmol K +
/ml) — Util en nifios que también tienen
hipofosfatemia (cetoacidosis diabética, nifios en
renal continua de reemplazo).

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



iperkalemia



K* > 6 mmol/L en
el recién nacido

Hiperkalemia

K*>5.5 mmol/L
en ninos

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Pseudohyperkalemia: Hemolysis
Severe leukocytosis/thrombocytosis
Redistribution: Hyperglycemia
Acidosis due to nonorganic acids
Excess intake: Potassium supplements
Impaired renal secretion:
Chronic kidney disease
Primary decrease/resistance in mineralocorticoid activity
Tubulointerstitial disease, Addison’s disease, Type IV RTA
Primary decrease in sodium delivery
C d Oliguric acute kidney injury
au S as 6 Acute glomerulonephritis
o o Gordon’s syndrome
hlp erkaleml a Abnormal cortical collecting duct
Pseudohypoaldosteronism type 1
Tubulointerstitial nephritis
Obstruction
Drugs: Spironolactone, amiloride, triamterene
Trimethoprim, pentamidine
NSAIDs, COX2 inhibitors
Cyclosporine, tacrolimus
ACEI, ARBs, heparin

RTA renal tubular acidosis, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin
receptor blockers, NSAIDs nonsteroidal anti-inflammatory drugs, COX2: cyclooxygenase

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Manifestaciones clinicas de hiperkalemia

Acute: Cardiac standstill
Neuromuscular weakness

Chronic: Asymptomatic

ECG Findings: Diminished to absent p waves
Tall peaked t waves

Widened QRS complex
Sine wave pattern of QRS widening

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



[ej Historia Clinica

Evaluacion
Examenes de laboratorio
de la

hiperkalemia

Electrocardiograma




The ECG changes as hyperkalaemia develops

c d

b
: w/LﬁJ B

El ECG cambia a medida que se desarrolla la hiperkalemia

. a) Un complejo normal.
CamblOS . , b) Pérdida de ondas P, ondas T picudas
eIECtrocarlegraﬁCOS €n c) Ampliacion del complejo QRS
hlperkalemla d) Apariencia de onda sinusoidal

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014




Abordaje

de |3
hiperkalemia

Hyperkalemia

I

Y

Pseudo hyperkalemia True hyperkalemia

e L eukemia

Transcellular shift

e Stored blood
e Hemolysed blood

GFR

GFR = <15 mlI/ml/1.73 m2

AKI
CKD

GFR >15 ml/ml/1.73 m2

Estimate aldosterone and

rennin,

Normal or high

aldosterone

y

Potassium sparing diuretics,
Pseudohypoaldosteronism,
Type IV RTA,

Obstructive uropathy

renin
y N
Low
Low aldosterone, aldosterone,
normal/ high renin lowrenin
Y

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014

Primary
hypoaldosteronism,
Congenital adrenal
hyperplasia,
Addison’s disease,
ACEIl and ARBs

Diabetic nephropathy,
Interstitial nephritis,
Obstructive uropathy,
Cyclosporin,
Tacrolimus,

NSAIDS

B adrenergic and
calcium channel
blockers




* Elimine el potasio de la dieta y los liquidos y suspenda
los medicamentos que causan hiperpotasemia.

* Gluconato de calcio (solucion al 10 %) — 1 ml/kg/dosis
diluido en solucion salina durante 10 min bajo
monitorizacion cardiaca. (El inicio de la accidn es dentro
de 2-3 min y el efecto dura 1 h.)

Tratamlento * Bicarbonato de sodio — 1-2 mmol/kg IV durante 10 min.
lnmedl ato de 1 a * Dosis en bolo de insulina a 0,1 unidad/kg con dextrosa al

5 % a 2 ml/kg durante 30 min o infusion de insulina a 5 %
de dextrosa 1-2 ml/kg/h con insulina regular 0,1 U/kg/h.

hlp@l’kalémla La infusion de insulina glucosa causa cambios celulares de

potasio que ocurren a los 30 minutos y duran de 2 a 4 h.

* Aglutinantes de potasio — sulfonato de poliestireno
sodico o calcico 1 g/kg/dosis cada 4—6 h, con 20 % de
sorbitol por via oral o mezclado con 250 ml de agua como
enema de retencion.

* Dialisis peritoneal o hemodialisis: el contenido de
potasio del dializado podria ser cero o 1-2 mmol / | contra
un contenido normal de 3-4 mmol / 1.

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Tratamiento a largo plazo de la
hiperkalemia

Evalue el estado del volumen.
Si el volumen es bajo, tratar
con fludrocortisona, y si el
paciente tiene volumen
expandido, tratar con un
diurético.

Mida los niveles de
aldosteronay, si son bajos,
tratelos con fludrocortisona. Si
los niveles son normales,
tratelos con un diurético.

/ /

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014
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ELECTROCARDIOGRAMA
VAN - Fisrtiation

Hiperkalemia v \iniining

f - Tented T-wave
High
1=

e T
<] 2, - Normal
Q

* Arritmias cardiacas HIPERKALEMIA

* Fibrilacion

. s Effect Agent Dose Onset Duration
°
Pa ro Ca rd 1aCO €en SIS tO I e Calcium Gluconate IOmL IV over I0 min Immediate | 30 - 60 minutes
Membrane (ioz)
Stabilization  'Hypertonic (37) 50mL IV push Immediate Unknown
Normal Saline
Insulin (Short 10 units IV push with 25 - 40 20 minute Y - 6 hours

Acting) g dextrose (50 solution)

D ifI’Ci I d e re ve rti r ! Shifters Albuterol 10 - 20 mg in 4 mL of 30 minute 2 hours

Normal Saline nebulized
over 0 minutes

Furosemide 40 -80mg IV xl I5 minute 2 -3 hours
Sodium Bicarbonate | ISOmmol/L IV at variable Hours Duration of

Excreters rate Infusion
Sodium Polystyrene | I5-30ginI5 - 30 mL (707 > 2 hours 4 - 6 hours
Sulfonate sorbitol orally)

Definitive Hemodialysis @ | = ===-- Immediate 3 hours
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Balance del Agua y del Na+

Body fluid balance

Osmolality andlor Volume

Osmo - Water Volume Sodium
regulation balance regulation balance
(osmoaolarlity of body fiuid ( body fluid volume
-> plasma Na® concentration -> total amount of Na‘')
"
N



Balance de

agua y sodio
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Manejo renal

del Na+
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Ipernatremia



Hipernatremia

@
~ ‘m

Hipernatremia es Na + >145 mmol/| La habilidad de liberar hormona En hipernatremia hay un deficit
siempre asociado a un estado antidiurética esta intacta asi como neto del agua con respect al sodio.
hipertonico. el estimulo de la sed.




Causas de
hipernatremia

1. Water deficit in excess of sodium (clinically dehydrated)

Diarrhea, emesis/nasogastric tube suction, burns

. Free water deficit (clinically dehydrated/normal hydration)

Central diabetes insipidus (CDI) — may be partial or complete; Hereditary: autosomal
dominant

Acquired: trauma, craniopharyngioma, postsurgical, radiation

Nephrogenic diabetes insipidus (NDI) — hereditary: X-linked dominant, autosomal

recessive; acquired: hypercalcemia, hypokalemia, tubulointerstitial nephritis,
obstructive uropathy, amphotericin B, demeclocycline

Inadequate intake — ineffective breast feeding, lack of thirst (adipsia)

Increased insensible water loss — preterm newborns on radiant warmer/phototherapy,
excessive sweating

. Sodium excess (clinically normal hydration/mild hypervolemia)

Improperly mixed formula or rehydration solutions
Excessive sodium bicarbonate administration
Hypertonic saline enema

Primary hyperaldosteronism



.1 f. Hipernatremia y deshidratacion: incremento de la
sed, y signos claros de deshidratacion.

Sintomas neurologicos

clinicas de

hipernatremia

Hyperpnea, aumento del tono muscular

v/
\V an Ife stac | ones @ Irritabilidad, llanto,

Crisis convulsivas, coma

Muerte




Evaluacion de la hipernatremia

Serum osmolality
Urine osmolality
Serum electrolytes
Renal function tests
Arterial blood gas

Spot urinary sodium and potassium
CT/MRI imaging of brain



Approach to hypernatremia

Hydration status

Dehydration Hypervolemia

A b d g Urine output > 3 ml/kg/h, Urine output: low
O r aJ e ng(I)r(:)Z sp.gravity (SG) < 8::: SG.>1 — Urine output: N/T
e -1y Urine Na: > 20 mEq/I
Urine ygm:<800 mOsm/kg >800 mOsm/kg. Utine . variable

d i a g n é St i C O d e Hifine hiaiagaBle i L (More readily occurs when

GFR is low)

hipernatremia

o Diarrhoea ) .
Water deprivation test Inadequate intake Excesswg oral/lv intake
(also,see Sect. 1.5) Increased insensible water loss || HYypertonic saline enemas
Primary
hyperaldosteronism
Disease Urine osmolality Plasma AVP Increase in urine osmolality
with water after dehydration| after exogenous AVP
deprivation administration at one hour
Complete Low (<300) Undetectable >10 % increase in Uosm
CDI
Partial CDI | Same or low (300—| <1.5 pg/ml >50 % increase in Uosm
800)
NDI Same or low >5 pg/ml No increase
Primary Increase (800- <5 pg/ml Little or no increase
polydypsia 1400)
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Tratamiento de hypernatremia -
generalidades

Estabilizar el estado
hipovolemico del paciente
s d  CON solucion isotonica si tiene  [mmrd Calcular el deficit de agua  Gammmred Reemplazar el deficit de agua
sintomas inestables antes de

corregir con agua libre

Identificar la causa

subyacente

Aunque la hiperglicemia
generalmente se presenta

No aumentar el sodio a mas con hypernatremia no se La hipocalcemia es comun,
de 10 mEg/L/dia recomienda corregir con debe corregirse
insulina por los “osmoles
idiogenicos”

Raras veces dialisis
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Formula para correccion de hipernatremia

Formulae to Calculate Desired Rate of Drop in Sodium

1. 1.5 times the maintenance intravenous (IV) fluid is given at a constant rate over the
time for correction. 0.45 % DNS is the preferred fluid for children.

2. Volume of fluid to be administered over 48 h =2 x maintenance fluid + calculated total
body free water deficit.

Free water deficit: total body water — total body water at the time of hypernatremia
TBWD x weight (kg)—normal serum Nax TBWD x weight (kg)

_ normal serum Na x TBWD x weight (kg)
TBWD x weight (kg)—

Current serum Na

TBWD=total body water distribution =>0.6 for children and 0.7 in case of infants

The free water deficit calculated by this formula is equivalent to 4 ml/kg for each
mmol > the expected Na*.

infusate Na — current serum Na
TBW +1

(Nicholas — Madias formula which estimates change in S Na with 1 1 of infusate)

3. Change in serum Na =
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Método de Fundanier

Restitucion del volume

despues de la re-
hidratacion

S -_>
horas




Iponatremia



Hiponatreamia

Leve Na + <135 Moderada Na + <130
mEq/l, 25 % de los mEqg/Im1 % de los

Hiponatremia Na +

<135 mEq/l.
e nifios hospitalizaeos, nifios hosptalizados.
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Fisiologia de la hiponatremia

{ HIPONATREMIA |

Total de
~ Contenido de

agua corporal * A ‘

- J‘ \._ 0 O o
~ I TS l — r [ " r l —— .
Excesvo Falloenla | Excesiva | inadecuada |
coNsSuMmo excrecon | perdida J inQesta |
> s | — . =R )




1. Hypovolemic hyponatremia

Extrarenal losses:
Gastrointestinal — vomiting, diarrhea
Transcutaneous — excessive sweating, cystic fibrosis
Third-space losses — burns, trauma, septic shock

Renal losses:
Diuretics
Tubulointerstitial diseases — medullary cystic disease, polycystic kidney disease
Tubular: proximal RTA, Bartter syndrome
Polyuric phase of AKI, post-obstructive diuresis

C a U S a S d e Prematurity

Mineralocorticoid deficiency

h I p O n at re m I a Pseudohypoaldosteronism

. . Cerebral salt wasting

e n p e d | at rl a 2. Euvolemic hyponatremia
SIAD

Glucocorticoid deficiency

Hypothyroidism

Psychogenic polydipsia

Drugs (increased ADH release) — desmopressin, carbamazepine, chlorpropamide,
vincristine, haloperidol, cyclophosphamide

3. Hypervolemic hyponatremia (increase in effective circulating volume or increased salt
and water retention)

Nephrotic syndrome

Renal failure (acute/chronic)
Congestive cardiac failure
Cirrhosis of liver
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LLos sintomas mas

Depende del comunes son
desarrollo si es neurologicos y el
agudo o cronico mas grave edema

cerebral
Manifestaciones
clinicas

Signos de
Dolor de cabeza, ) .

, deshidratacion
nausea, vomitos

exagerada

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Evaluacion

Serum electrolytes

Spot urinary sodium and potassium
Serum osmolality

Urine osmolality

Renal function tests

Serum uric acid and urea®

Arterial blood gas

TSH and cortisol levels

“Important supportive information in differentiating between syndrome of
inappropriate antidiuresis (SIAD) and cerebral salt wasting (CSW)



Rule out pseudohyponatremia™:- normal plasma osmolaity
Rule out hyperglycemia@/mannitol administration: - high plasma
osmolality

True hyponatremia (plasma osmolality-low)

|

Assess volume status

b d d | i Hypovolemia Hypervolemic
A O r aJ e e a Elialchia (deficit of total body water and (decrgsse T ——
h I O n at re m I a larger deficitof total body sodium) circulating volume)
p Y * *
Spot urine Na* >20 Spot urine Na* Spot urine Na*
>20 <20
Y 220 <20
SIAD,
Hypothyroidism, y v Y Y
Glucocorticoid .
iureti o AKI Nephrotic
deficiency Diuretics, Vomiting < <8 ) npdrome
ATN, Diarrhoea Cy e
RTA, Third spacing ¢ ?Ilr 5t
Aldosterone allure,
deficiency, Cirrhosis of
Cerebral salt liver
wasting
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Tratamiento de la hiponatremia

: Evaluar duracion Evaluar presencia de "
Evaluar osmolalidad : y ) P ; Evaluar el estado hidrico
severidad de la manifestaciones

(hipoosmolalidad) : : del nifo clinicamente
hyponatremia neurologicas

Nifios con hyponatremia La hyponatremia
estan en riesgo de asintomatica debe ser
desarrollar mielinolisis corregida gradualmente
pontina NO MAS DE 10 mEg/L dia

Hiponatermia
asintomatico es
generalmente cronica

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Manejo sintomatico de la

hiponatremia

Management of Symptomatic Hyponatremia

Goal: 5-6 mmol/l increase in serum sodium (SNa) in first 1-2 h.

End point: Resolution of neurological symptoms or acute rise in SNa of 5 mmol/I in first
4-6 h.

Dosage: 2 ml/kg of 3 % NaCl over 10 min (maximum 100 ml). Repeat bolus 1-2 times
as needed until symptoms improve.

Monitoring: SNa q 2—4 h, signs of fluid overload, urine output, acid base status,
correction in first 48 h should not exceed 15-20 mmol/I.
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Manejo asintomatico de la hiponatremia

(hiponatremia cronica)

Management of Asymptomatic Hyponatremia (Chronichyponatremia)

Treat the underlying cause
Fluid restriction (Y2 to 2/3 maintenance fluids/day)
Oral salt supplementation

Furosemide (to increase free water loss) + 0.45 % normal saline (to replace sodium loss
in the urine)

Demeclocycline

V2-receptor antagonists (vaptans) could be used to treat euvolemic or hypervolemic
hyponatremia that do not respond to fluid restriction.

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



Correccion de hiponatremia

Formulae to Calculate no of Mmol of Na Necessary to Achieve the Desired
Change in Serum Sodium (SNa) Concentration

1. (0.6) xbody weight in kg x (desired Na — present Na) — commonly used method

infusate Na — current serum Na
TBW +1

(Nicholas—Madias formula which estimates change in S Na with 1 1 of infusate)

2. Change in serum Na =

Kishore Padke et al, Manual of Pediatric Nephrology, Springer 2014



RESUMEN!
Complicaciones de
los trastornos del sodio

» Hiponatremia aguda — Edema Cerebral

» Hipernatremia aguda — Mielinosis Pontina

* Coma

Convulsiones

Cuadriplejia

Estado vegetative

Muerte
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Manejo de Hiperkalemia sintomatica

* Potassium chloride (KCI) as intravenous bolus dose (given in 1-2 min) at a dose
calculated as: [3 —measured K*xbody weight x0.04] followed by an infusion at

rate of 0.015 mEg/kg/min.

Manejo de Hiperkalemia no sintomatica

Management in Nonemergent Situations

The infusion rate of potassium chloride should not exceed 0.5-1 mEg/kg/h and
should be replaced by oral or nasogastric supplementation of potassium chloride
(I1-3 mmol/kg in divided doses) as soon as the child starts taking orally, titrating

with serum K levels.

Asymptomatic Hypokalemia
e The mainstay of therapy is oral potassium supplementation (3—4 mmol/Kg/

day).
* Dietary supplementation with foods having high potassium content like coconut

water, banana, citrus fruits, and potatoes should be encouraged.




Optimal care for all children
with kidney disease.

You are an important part of our global pecistric community.

QO IPNA —oreoe

Diagnostico y manejo de
infecciones de vias urinarias (IVU
en pacientes pediatricos

Marta P. Sudrez Rivera, MD
Catedrdtica Asociada
Departmento de Pediatria
Universidad de Puerto Rico
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Epidemiologia IVU

o La infeccion urinaria es la infeccion
bacteriona mds comun en ninos menores
de 2 anos.

o A principios del siglo 20 la mortalidad de
Infecciones urinarias en infantes y ninos
era hasta un 20%.




Epidemiologia IVU

o La incidencia varia por edad y sexo

o En varones
o antes de los 6 meses de edad 5.3%
02% de 1 a é anos

o En ninas :
o Antes de los 6 meses es 2%
o11% de 1 a6 anos




Epidemiologio

o Enfre un 8 y 40% de los menores de 6 anos
con IVU fienen reflujo vesicoureteral,
hidronefrosis, uropatia obstructiva y doble
sisfema colector

o De unl10 a 65% de los de menos de 2 anos
presentardn cicatrices renales

o 10y 25 % de los enfermos con
insuficiencia renal cronica, tienen como
causa pielonefrifis cronica




Renal Pelvis ©

Normal

Chronic Pyelonephritis

Atrophy Of Cortex

Distended
Renal Pelvis £

Kidney

Ureter

Bladder
(emptying)

_-Valve closes

Refluxing
urine

Reflux

Valve remains
open




Riesgo de cicairices renales en
episodios recurrentes de IVU
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El diagnostico adecuado es
extremadamente importante en
el paciente pediatrico, porque
permite identificar, tratar y
evaluar a ninos con riesgo de
dano renal




Factores de riesgo VU

o Masculino menor de 6 meses
o Nno circuncidado con mala higiene

o Femenino, en general, particularmente
menores de un ano.

o Los ninos < de 3 anos, con fiebre > 39°C
sin causa aparente, tienen mayor
probabilidad de cursar con IVU.




Factores IVU alto riesgo

o <3 anos

o Fiebre >39

o Intolerancia oral
o Vomitos

o Deshidratacion




Factores IVU alto riesgo

o Historia o
caracteristicas clinicas
que sugieran
obstruccion urinaria

o Oliguria
o Fiebre recurrente de
origen incierto

o Diagnodstico antenatal
de anormalidades
renales

o Historia familiar de fallo
rendal

o Vejiga grande
o Masa abdominal

o Anormalidades
espinales, ano-rectales
O genitales

o Retraso en el
crecimiento,

o Hipertension arterial




VU

o 3 presentaciones clinicas:
o Cistitis
o Pielonefritis
o Bacteriuria asintomadtica




Cistitis
o Infeccion limitada el

tfracto urinario inferior

o Sintomas localizantes:
o Disuria
o Frecuencia

o Urgencia
o Dolor suprapubico

o MAs comun en ninas
>7 ANos




Pielonefritis agudo

olnfeccidn del
parenguima del
nnon

o Sinfomas sistémicos
o Fiebre
o Vomitos
o Dolor Abdominal
o Malestar general
o Pobre ingesta oral

o Dolor costovertebral




Bacteriuria Asinfomatico

o Cultivo de orina positivo sin evidencia de
inflamacion en el fracto urinario

o >100,000 colonias /ml (UFC/ml)

o Urindlisis: no leucocitos, leucoesterasa,
negativa y nitritos negativos




Evaluacion

o Historial
o Presencia de fiebre

o Rechazo al alimento 7| Lactantes pueden
_ presentar sin fiebre y

o Vomitos con estos sintomas
o Diarrheas - debe considerarse VU

o Infecciones previas

o Historial de constipacion
o Incontinencia urinaria

o Problemas de miccion




Evaluacion

o Sinfomas
o Dolor lumbar sugiere pielonefrifis,

o Disuria asociada a bacteriuria, pero no a
sinfomas sistémicos, sugiere cistitis o IVU
baja.




Sinftomas

o En ninos de 2 a 12 anos de edad
o Disuria y urgencia
o Dolor abdominal
o Enuresis
o Fiebre
o Hematuria
o Balanitis




Evaluacion

o Exploracion fisica

o Signos vitales
N Flebr? , ¢ SEPSIS? ‘ Referir para
o Taquicardia admisién
o Hipotension |
o Hipertension ‘ Sospechar ERC

o Medidas antropométricas
o Falla en crecimiento ‘ Sospechar IVU y ERC




Exploracion fisica

o Abdomen

o Masa palpable

o Vejigoma
o Defectos espinales (mielodisplasia)
o Malformaciones urogenitales




Evaluacion

o Analisis urinario
o Esterasa leucocitaria
o Nitritos

o Andlisis microscopico leucocituria, tincion
de gram

o Urocultivo




Factores IVU alto riesgo

o <3 anos

o Fiebre >39

o Intolerancia oral
o VOmitos

o Deshidratacion

o Hemograma con

desviacion
izquierda

o Proteina C reactiva

elevada

o Procalcitonina
elevada

o Creatinina elevada

—_

[

—/

Referir para admision




Toma de muesiro

o Maniobras no invasivas

o Bolsa colectora con limpieza apropiada,
cambiada cada 20min

L actantes — o Solo sirve para urindlisis

o Solo sirve para excluir IVU

o un resultado de cultivo positivo debe ser
- confirmado por cateterismo

Nifos

Cominemes{ o Chorro medio con limpieza apropiada




Toma de muesiro
urocultivo

o Si se va a empezar terapia antimicrobiana
tomar muestra antes de comenzar <l
tfratamiento
o Téchnica no invasiva

o tomar muestra con colector (si no se puede
referir previo a empezar terapiq)

o Referir para ftoma de muestra invasivas
o Cateterismo
o Puncion suprapubica




Urocultivo

o La interpretacion del urocultivo positivo
depende de la técnica de toma de la muestra:
o Aspiracion suprapubica:> cualquier crecimiento
o Caterismo vesical:> 10,000 -50,000 UFC/mL
o Chorro medio: 50,000 -100,000 UFC/mL
o Bolsa colectora-




Etiologia

o Escherichia coli es el organismo mas
comun; es el agente causal en > 80% del
primer episodio de infeccion de vias
urinarias.




Etiologia

o Klebsiella sp. es el segundo organismo
maAas comun; se ve mas en lactantes
menores.

o Profeus sp. es mas comun en el sexo
masculino.

o Enterobacter sp. Y Pseudomonas sp.
causan cada una<2% de las infecciones
urinarias.




Tratamiento

o Criterios generales para el ingreso
hospitalario en pacientes con IVU (uno o
Mas de los siguientes):

o Afectacion del estado general
osignos de deshidratacion
odisminucion de la respuesta a estimulos
opalidez,
opiel marmoreaq,etc.




Criterios para ingreso cont:

o Intolerancia ala via oral.

o Indicacidon de tratamiento endovenoso por la
gravedad del caso

o Falta de respuesta al fratamiento por via oral
o Menores de 30 dias de edad

o Sospecha de mal apego al fratamiento por el
entorno familiar.




Tratamiento

o Via oral primera linea
o IVU no complicada de origen comunitario en
ninos de 6 meses a 12 anos :

o Trimetropim/ sulfametoxazol a 8/40 mg/kg/dia
durante 7-10 dias

o Amoxicilina 20-40mg/kg dia
o Amoxicilina con acido clavuldnico 30mg/kg dia
o Cefixima (8 mg/kg/dia) 7-10 dias




Tratamiento empirico oral

TABLE 3 Some Empiric Antimicrobial Agents for Oral Treatment of UTI

Antimicrobial Agent Dosage
Amoxicillin-clavulanate 2040 mg/kg per d in 3 doses
Sulfonamide

Trimethoprim-sulfamethoxazole 6—12 mg/kg trimethoprim and 30-60 mg/kg sulfamethoxazole
perdin 2 doses
Sulfisoxazole 120—150 mg/kg per d in 4 doses
Cephalosporin
Cefixime 8 mg/kg perdin 1 dose
Cefpodoxime 10 mg/kg per d in 2 doses
Cefprozil 30 mg/kg per d in 2 doses
Cefuroxime axetil 2030 mg/kg per din 2 doses

Cephalexin 20—100 mg/kg perd in 4 doses




Tratamiento

o Via oral

o Nitrofurantoin

o NO utilizar si se sospecha pielonefritis pobre
penetracion en tejido

o Ufilizar solo en cistitis




Tratamiento

o Via endovenosa
o Cefalosporina de 2da o 3ra generacion
o Aminoglucosidos —
o VALIDAR funcion renal antes de utilizar
o Mantener hidratacion adecuada
o Medir niveles si esta disponible
o Evitar ofros nefrotoxicos




Tratamiento

o Via endovenosa

o Completar 10-14 dias totales

o Transicionar a via oral luego de estar afebril y
tolerando por via oral

o Validar resultfado de urocultivo




Estudios de imagen

o Ultrasonido renal

o Recomendada en el primer episodio de
VU

o Alta prevalencia anormalidades
anatomicas que requieren correccion
quirdrgica.

o Muestra la anatomia del rindn, uréteres y
vejiga, no identifica reflujo

o NO Invasivo







Estudios de imagen

o Uretrocistograma miccional

o Detecta el reflujo vesicoureteraly valvulas
posteriores

o Evalua la anatomia de la vejiga y su
vaciamiento

o Puede realizarze durante el tratamiento
anfimicrobiano







2 3!
N <

GUEOHCORIZINREANI0 C 1.0%1 0 G0.90#0 60+ 020/R 494 .0, C*1.0*1.0 GOBOHIBOFIRD IR0 CH 1211 2
B2 :

£ e, ;

\*v

4"

—
s
"A

™\

/




Tomografia computadorizada (TAC)

Evaluacion mas profunda de sistemas
dilatados o complejos




Diagnosticos

o Anomalias anatomicas congenitas CAKUT
o Reflujo vesicoureteral
o Obstruccion ureteropélvica
o Sistemas dobles

o Necesitan intervencion quirirgica




Diagnosticos

o Disfuncidon miccional congénita

o Vejiga neurogenica

o Requiere intervencion quirirgica-

vesicostomia




Diagnosticos

o Disfuncion vesical adquirida
o Vaciamiento incompleto
o Vaciamiento infrecuente
o Constipacion
o Pobre ingesta de agua
o Puede fratarse con cambios en comportamiento
o Aumentar ingesta de liquido
o Vaciamiento frecuente
o Tratar constipacion




Conclusion

o Establecer el diagndstico de IVU en
etapas tempranas de la ninez es dificll
debido a la falta de especificidad del
cuadro clinico, la dificultad en la
recoleccion de la muestra de orina y €l
riesgo de contaminacion.

o Tomar urocultivo antes de comenzar
tratamiento es indispensable




Conclusiones

o Empezar terapia de antibidtico
apropiada y temprana disminuye €l
riesgo de cicatrices renales que llevan a
fallo renal

o El paciente pediatrico con IVU recurrente
tambien tiene riesgo de progresion de
enfermedad renal y requiere de referido
para evaluacion con imagenes




Conclusiones

o Referir a todo paciente con el primer
diagnostico de IVU febril puede hacer la
diferencia en una intervencion temprana
y evitar el fallo renal cronico
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