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Ley de Starling

Esfinter pre.

p. hidrostatica capilar p. oncotica plasma

p. oncotica interst. Permeabilidad p. hidrostatica inters.
capilar

-

Capilar limfatic

EDEMA: se supera la capacidad limfatica
Cirrosis: el drenaje limfatico aumenta 20 veces (20 L/d)
Reacciones de hipersensibilidad, , etc.: aumenta permeabilidad capilar
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Presentation Notes
Les forces d’Starling determinen a on es localitza l’edema, tan si és local com generalitzat.
For generalized edema to occur, two factors must be present:
●An alteration in capillary hemodynamics that favors the movement of fluid from the vascular space into the interstitium. Such movement requires a change in one or more components of Starling's law: increased capillary hydrostatic pressure, decreased capillary oncotic pressure (ie, hypoalbuminemia), and/or increased capillary permeability. (See "Pathophysiology and etiology of edema in adults", section on 'Capillary hemodynamics'.)
●The retention of dietary or intravenously administered sodium and water by the kidneys. Edema (other than localized edema as with an allergic reaction) does not become clinically apparent until the interstitial volume has increased by 2.5 to 3 L, an amount that is almost equal to the plasma volume. Thus, patients would develop marked hemoconcentration and shock if the plasma volume were not maintained by renal retention of sodium and water.
Pulmonary edema also does not occur due to isolated hypoalbuminemia [5]. Thus, in the absence of a concurrent rise in left atrial and pulmonary capillary pressures, pulmonary edema is not usually seen with hypoalbuminemia, even at a plasma albumin concentration low enough to induce peripheral edema [6]. The reasons for this are presented elsewhere.


Distribucion de los liquidos corporales

Total liquido: 60% del peso
— Espacio intracelular: 40%

— Espacio extracelular: 20%
e 2/3 intersticial
e 1/3 plasma
— 95% al compartimento venoso
» Sist. venoso periférico 80%
» Sist. venoso central 15%
— 5% al compartimento arterial 03L ()

Edema: Aumento volumen espacio intersticial
(vol. plasmatico: alto, bajo o normal)

* Agarwal R et al. Clin J Am Soc Nephrol 2008; 3. 153-158



Edema generalizado

e Alteracion en las fuerzas de Starling

 Retencion de sal y agua




Regulacion del volumen arterial efectivo por el rindn

e Filtracion glomerulary reabsorcion tubular
— Feedback tubuloglomerular

— Balance glomerulotubular

e Fuerzas de Starling en capilares peritubulares

e Composiciéon luminal

» Factores fisicos mas alla del tubulo proximal

e Hemodinamica medular (natriuresis de presion)

Mecanismos neurales

— Sistema nervioso simpatico

— Inervacion renal

Mecanismos humorales
Sistema renina angiotensina
Vasopresina
Prostaglandinas
Péptidos natriuréticos
Factores derivados del endotelio (endotelina, dxido nitrico)




Causas principales de edema

e Aumento de la presiéon hidraulica capilar

— Aumento volumen plasmatico (retencion Na)
e |IC

e Retencion primaria renal (ERC, Sde nefroético, farmacos,
cirrosis)

e Embarazo, edema premenstrual
e Edema idiopatico (diuréticos)
e Sobrecarga de Na
— Insuficiencia u obstruccion venosa

— Vasodilatacion arteriolar




Causas principales de edema

Hipoalbuminemia
— Pérdida de proteinas (Sde nefrotico, enteropatia)
— Sintesis reducida (hepatopatia)
Aumento permeabilidad capilar

— Quemaduras, trauma, sepsis, alergia, SDRA, IL-2, DM,
ascitis neoplasica

Obstruccion linfatica

— Reseccion linfatica, metastasis ganglionares,
hipotiroidismo, ascitis neoplasica

Otros (mecanismo desconocido)

— Antiepilépticos (gabapentina, pregabalina); antineoplasicos
(docetaxel, cisplatin); antiparkinsonianos (pramipexole,
ropinirole)




Causas de retencion renal de sodio

* Primarias
— Insuficiencia renal aguda oligurica
— Enfermedad renal cronica
— Enfermedad glomerular

— Estenosis bilateral severa de arterias renales
— Tubulopatias (genéticas)
— Exceso de mineralocorticoides

e Secundarias
— Insuficiencia cardiaca
— Cirrosis
— Edema idiopatico
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Clinica de los estados edematosos

Trastorno Edema Ascitis/edema
pulmonar periférico

Insuf. cardiaca izq. variable

Insuf. cardiaca - 1 +
dcha

Cirrosis - o normal +
Insuf. renal variable 0 +

Sde nefrotico - variable +
Edema idiopatico - o normal +
Insuf. venosa - normal + puede ser

asimétrico



Tratamiento general

Dieta sin sal:
e Dieta normal: 4-6 g/d
Sin anadir sal a la comida: 4 g/d (172 mEq)
Dieta baja en sal: 2 g/d (86 mEq)
Dietas muy estrictas: no se soportan
Los substitutos de la sal contienen KCl

— Alerta con: espironolactona, eplerenona, amiloride, etc.
— |IECA, B-blogueantes, AINE, etc.

lgdeNa —— 43 mEq
1 g de NaCl — 17 mEq de Na*




Diuréticos

(mecanismo de accidn)

Distal convolutad tubula
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Figure 1 Mechanisms of transcellular and paracellular salt and mineral transport in the distal nephron. In the thick ascending limb of the loop of Henle (A), reabsorption of sodium, potassium and chloride ions is mediated by NKCC2. Luminal ROMK channels mediate apical potassium recycling, and the chloride channels ClC-Ka and ClC-Kb, both of which contain the β-subunit Barttin, act as basolateral exit mechanisms for chloride ions. Magnesium and calcium ions are absorbed by paracellular transport. All the processes involved in transepithelial ion transport along the distal nephron are directly or indirectly dependent on the activity of the basolateral ATP-dependent sodium pump (not shown). In the distal convoluted tubule (B), transepithelial sodium–chloride transport is mediated by NCCT, which moves sodium and chloride ions along an electrochemical gradient. Chloride ions exit through the basolateral ClC-Kb channel. Magnesium is reabsorbed by the apical TRPM6 channel of the DCT1 cells, where NCCT and ClC-Kb are also expressed. Calcium is absorbed by ECAC in the DCT2 cells. In the cortical collecting duct (C), sodium is reabsorbed via the ENaC and potassium secretion is mediated by ROMK. Modified with permission from Elsevier © Peters M et al. (2002) Clinical presentation of genetically defined patients with hypokalemic salt-losing tubulopathies. Am J Med 112: 183–190. Abbreviations: ClC-Ka, chloride channel Ka; ClC-Kb, chloride channel Kb; ECAC, epithelial calcium channel; ENaC, amiloridesensitive epithelial sodium channel; NCCT, thiazide-sensitive sodium–chloride cotransporter; NKCC2, furosemide-sensitive sodium–potassium– chloride cotransporter; ROMK, renal outer medullary potassium channel; TRPM6, melastatin-related transient receptor potential cation channel 6.



Diuréticos

— Inhibidores de la anhidrasa carbonica: acetazolamida
(FE\, maxima = )

— Inhibidores Na*-K*-2CI: furosemida, bumetanida,
torasemida, acido etacrinico.

(FE\, maxima= )

— Inhibidores Na*-CI: clorotiazida, hidroclorotiazida,
metolazona, clortalidona, indapamida, etc.

(FE\, maxima= )
— Blogueadores canal de Na*: amiloride, triamterene.
— Antagonistas aldosterona: espironolactona, eplerenona.




Diuréticos de asa

Dosis techo (mQ)

Furosemida Bumetanida Torasemida
v VO \Y] VO Iv VO
Insuficiencia renal
FG 20-50 mL/min 80 80-100 2-3 2-3 50 50
FG < 20 mL/min 200 240 8-10 8-10 100 100
IRA severa 500 NA 12
Sdm. nefrético 120 240 3 3 50 50
Cirrosis 40-80 80-160 1 1-2 10-20 10-20
Insuf. cardiaca 40-80 160-240 2-3 2-3 20-50 50

Dosis limite: dosi con max. FE,,; dosis superiores pueden aumentar la duracion de la
natriuresis sin aumentar la velocidad maxima (mEq/min).




Diuréticos por via oral
Magnitud de respuesta

La potencia intrinseca del farmaco (FE Na* maxima)
Curva dosis-resposta: sigmoidea

La dosis administrada

Intervalo de administracion (duracion del efecto)
La biodisponibilidad

La cantidad que llega al rinon.

La cantidad que entra al liquido tubular




Diuréticos por via oral
Biodisponibilidad

Depende del diurético, no de la clase
Diuréticos de asa: 10 — 100%

Furosemida: media 50%
i : media 80 — 100%
Absorcion intestinal
: variable segun el dia y con alimentos un 30%

La absorcion es inferior a su aclaramiento: Los niveles
plasmaticos son mas alargados por v.o. (intestino hace de
reservorio)

El edema de pared (IC o SN) dificulta la absorcion.




Balance durante el tratamiento con tiazidas

Days

1-3 4-6 7-9 10-12

. Sodium balance

. Potassium balanoe
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Changes in sodium and potassium balance (intake minus  excretion) after the administration of 100 mg of
hydrochlorothiazide to 3 normal subjects. Negative balance persisted for only three days for sodium and six days for
potassium before a steady state was reestablished in which intake and excretion were roughly equal. Data from Maronde, RF, Milgrom, M, Vlachakis, ND, Chan, L, JAMA 1983; 249:237.



Resistencia a los diuréticos
Causas

Excessiva ingesta de CINa.

Ingesta > excrecion de 24 h
Excrecion Na* 100-120 mEq (2-3 g/d): ha de perder peso.

El diurético no llega a la luz tubular.

Los de asa Y distales, son aniones organicos, se unen a la albuminay
llegan a la lluz por secrecion tubular proximal.

Con albumina < 20 g/L, hay un gran aumento del vol. de distribucién del
diurético, y se reduce la eficacia.

Compiten con los diuréticos: aniones urémico, AINE, probenecid, y
penicilina.

IRA/S?r balance hidrosalino negativo demasiado rdpido (> 500-700
mL

El diurético se une a proteinas tubulares
En el sdr. nefrotico no tiene significacion clinica

Hipertrofia compensadora de la parte distal de la nefrona.
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