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TASA DE FILTRACION GLOMERULAR

Arteriola
eferente

80 %

lomer

Arteriola
aferente

> 9% de volumen de

plasma que entro a los
rinones retorna a I

circulacion sistémica

C——Capitar peritublias )

20% del
@ volumen de
plasma se filtra

Tlib% > 19 % del volumen de
plasma  filtrado s

reabsorbido }
@ < 1% del volumen
: de plasma es
Capsula de excretado al medio
Bowman externo

aferente = 100%

Volumen de plasma que

@ entra a la arteriola

* TEG = 125mL/min = 180L/dia (solo
cerca del 1% es excretado)
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Una vez qu el FILTRADO GLOMERULAR fluye sucesivamente;*Tubulo
proximal *Asas de Henle *Tubulo distal *Tubulo colecmr *Conducto
eolector, antes de ser EXCRETADO en forma de ORINA.

Durante el trayecto se reabsorben algunas sustancias desde los tubulos
hacia la sangre, mientras otras van de la sangre a la luz tubular.

La orina y todas las sustancias que contiene es el resultado de los tres
procesos basicos

+
Secrecion
tubular
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ORINA DILUIDA

Elrifion reabsorbe solutos mientras
que deja de absorber agua.
por inhibicion de ADH.

ORINA CONCENTRADA

El rifion secreta Solutos, Reabsorbe
Agua por accion de ADH y reduce el
velumen de orina formada.

Importante en casos de
DESHIDRATACION

500 mosm/dia el rifioén tiene la
Obligacion de eliminar
Pero puede lograr una
Concentracion mdxima de hasta 1300 mosm/I
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CARGA TUBULAR

» Se denomina carga tubular de una
sustancia a la cantidad de la misma que por
unidad de tiempo pasa desde la sangre al
tubulo de la nefrona; y su valor depende de
la concentracion plasmatica de la sustancia
y de la tasa de filtracion glomerular
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R
FUNDAMENTOS FISIOLOGICOS DEL EQUILIBRIO HIDRICO

CONCEPTOS BASICOS
' ' e B ) '.; "
Osmolalldad (0 S tnh (€ men de so ¥,§I1t€:

~ Osm=Nax2+ glucosa/a8 + urea/s,6 |
;_ _l

-
L4

[ 4
Tonicidad: fraccion de la osmolalidad producida por solutos efectivos
: I AR N O oS :

No atraviesan la membrana plasmatica de forma pasiva
(p. ¢j., sodio, glucosa, manitol)

Tonicidad = Na x 2 + glucosa/18







TUBULO CONTORNEADO
PROXIMAL
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Tubulo Proximal

Tubulo Distal

CARACTERISTICAS

* Ribete en cepillo

CARACTERISTICAS

- Mas Acidofilo

« Sin Ribete en cepillo

* Menor diametro luminal

* Menos Aciddfilo

* Luz con forma de estrella

* Mayor diametro luminal

* Menor cantidad de nucleos

* Luz Circular

- Mayor cantidad de nucleos
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LUz
TUBULAR

Via
paracelular

EPITELIO

Via transcelular

capiler peritubular
|lamina basal

e INtRISHICIO
renal

microvellosldades en
membrana apical

Invaginaclones en
membrana basolateral
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~ Tubulo Contorneado Proximal

Es el sitio de equilibrio glomerular
Se da la reabsorcion de sal y agua (65-67%)

La Reabsorcion en el Tubulo Contornado Proximal se da por:
Transporte activo de Na+ hacia el plasma de los capilares peritubulares, creando
una diferencia de potencialnegativaen la luz del tubulo contorneado. Sacandoa
Cl- hacia los capilares peritubulares por transporte activo pasivo.

La gran concentracion de NaCl en el plasma de los capilares peritubulares,
obligando al agua a salir de los tubulos contorneados por osmoss.
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Reabsorcion en el tubulo proximal

?

65% de la carga filtrada de sodio,
agua y algo de cloro filtrado se
reabsorbe en el tibulo proximal.

Células eptteliales

=+ tubulares tienen un
metabolismo alto
Gran numero de
Los tubulos mitocondrias
roximales tienen
g una elevada Borde en cepillo
capacidad de extenso en el lado
reabsorcion activa luminal
: pais.wa. Laberinto de
canales
Debido a: intercelulares y
' basales

Transporte de sodio y cloro a

traves del lado luminal de la
membrana tubular proximal

PORCION
PORCION INICIAL il
| ,
Reabrs;‘zrifgtge N Reabsorcionde Na
. coniones cloro.
mtfaqspme I
Cargadade ,
proteinas Concentraci Concentracié
transportador on cloro = n cloro = 140
as que 105 mEg/l mEq/|
transportan
por
cotransporte.
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Reabsorcion en el tubulo proximal

65% de la carga filtrada de sodio,
agua y algo de cloro filtrado se
reabsorbe en el tubulo proximal.

Los tubulos
proximales tienen
una elevada
capacidad de
reabsorcion activa
y pasiva.

I
Debido a:

1

Células epiteliales
=+ tubulares tienen un
metabolismo alto

Gran numero de
mitocondrias

Borde en cepillo
extenso en el lado

luminal

Laberinto de

canales
intercelulares y
basales



http://www.google.com.ar/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwictefti5bNAhUChZAKHdOACVQQjRwIBw&url=http%3A%2F%2Fslideplayer.es%2Fslide%2F5826133%2F&bvm=bv.123664746,d.Y2I&psig=AFQjCNFSoDy0VYXdUVf9tYTmLmB4OEYz7g&ust=1465394931403308
http://www.google.com.ar/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwictefti5bNAhUChZAKHdOACVQQjRwIBw&url=http%3A%2F%2Fslideplayer.es%2Fslide%2F5826133%2F&bvm=bv.123664746,d.Y2I&psig=AFQjCNFSoDy0VYXdUVf9tYTmLmB4OEYz7g&ust=1465394931403308
http://www.google.com.ar/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwictefti5bNAhUChZAKHdOACVQQjRwIBw&url=http%3A%2F%2Fslideplayer.es%2Fslide%2F5826133%2F&bvm=bv.123664746,d.Y2I&psig=AFQjCNFSoDy0VYXdUVf9tYTmLmB4OEYz7g&ust=1465394931403308
http://www.google.com.ar/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwictefti5bNAhUChZAKHdOACVQQjRwIBw&url=http%3A%2F%2Fslideplayer.es%2Fslide%2F5826133%2F&bvm=bv.123664746,d.Y2I&psig=AFQjCNFSoDy0VYXdUVf9tYTmLmB4OEYz7g&ust=1465394931403308

PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base

rafael poRTR@Vancdas edirar




PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water
Na~

K
Glucose
Amino acids

ClI
HCO,

Urea
Ca.'_’o : Mg?-

65% (osmosis)
659% (sodium-potassium

pumps,
symporters, antiporters)
65% (diffusion)

1009% (symporters and
facilitated diffusion)
100% (symporters and
facilitated diffusion)
50% (diffusion)

80—-90% (facilitated
diffusion)

509% (diffusion)
variable (diffusion)

Secretion (into urine) of:

H'
NH,"

Urea

Creatinine

variable (antiporters)

variable, increases in
acidosis (antiporters)

variable (diffusion)

small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mMOsmJ/liter).
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Lumen of proximal tubule

Na* Glucose

{ HoO | H20
v 15 ' b
LRY
¥
3
3 CI- 3Na* Glucose Vitamins
H20
. [ ' Basolateral
& S . membrane
r_ . 2K*
-‘\'7 < b
4 CI Na+ H20O Glucose Vitamins




PROXIMAL CONVOLUTED TUBULE

symporters, antiporters)
K~ 65°c (diffusion)

Glucose 10096 (symporters and
facilitated diffusion)

Amino acids 10096 (symporters and
facilitated diffusion)

CI 509 (diffusion)
HCO,; 80—-90% (facilitated
diffusion)
Urea 509 (diffusion)
Ca**, Mg~" variable (diffusion)
Secretion (into urine) of: : , l
= variable (antiporters)
NH," variable, increases in E.————— =~
acidosis (antiporters) \
Urea variable (diffusion) 1
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MOsmyJ/iiter).

l

LOOP OF HENLE
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Dos formas de movilizar Agua
del lumen urinario a la célula
tubular

e Difusion Paracelular

« ACuoporinas
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LUz
TUBULAR

Via
paracelular

EPITELIO

Via transcelular

capiler peritubular
|lamina basal

e INtRISHICIO
renal

microvellosldades en
membrana apical

Invaginaclones en
membrana basolateral
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El proceso de formacion de la orina se desarrolla en tres etapas:

Se filtran hacia el interior de la capsula: agua

FILTRACION  sales minerales
GLOMERULAR vitamin

peso molecular.

CAPSULA

N\

glucosa, aminoacidos,

as, urea, acido urico y

TUBO DE LA NEFRONA

proteinas de bajo

-

A\

i

REABSORCION
GLOMERULO

CAPILAR

SECRECION

Recupera las sustancias
aprovechables que se
han filtrado en la capsula
de Bowman, y pasan a

capilares.

4

los

- \
Algunas sustancias
pasan desde los

santlarne - -
capiliares al interior

de la nefrona para
mantener la
concentracion de

digunos iones.

TUBO

COLECTOR
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+
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Increased blood
volume and
atrial distension

|

HOMEOSTASIS
DISTURBED

ECF volume increased
by fluid gain or fluid
and Nat gain

Increased
NP release

HOMEQSTASIS
DISTURBED

| ECF volume decreased

(:> Decreased
aldosterone release
| Decreased |
| ADH relase :\
Decr
= thirst mme Increased | |Increased
urinary || urinary
water loss| | Na* loss

HOMEOSTASIS
RESTORED

HOMEOSTASIS
RESTORED
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Increased
&> NP release

Increased blood
volume and
atrial distension

[

HOMEOSTASIS
DISTURBED

ECF volume increased
by fluid gain or fluid
and Nat gain

Decreased
aldosterone release

>

Decreased

:> ADH release|
V
Decr: Decreased

t> thirst b water intake| | Increased | |Increased

urinary urinary
water loss | | Na* loss

HOMEOSTASIS
RESTORED

‘Normal ECF

HOMEOSTASIS volume HOMEOSTASIS
DISTURBED & s cI)=IES'€?(§;RED
ECF volume decreased
by fluid g})ss lor fluid
+
and Na+ loss Increased Decreased
urinary urinary Increased
Na+* retention | |water loss | | Water intake
Decreased blood
volume and Increased
blood pressure aldosterone
Increased renin release Increased
% secretion and thirst
angiotensin Il Increased
activation ADH
release




ECF '\liollgme' Increﬂas:gd
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ECF volume decreased
by fluid Loss lor fluid
+
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urinary | | urinay || ntake
Na* retention | | water loss
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bl\c’;%g':)‘reessuo —>laldosterone
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water
Na~

K
Glucose
Amino acids

ClI
HCO,

Urea
Ca.'_’o : Mg?-

65% (osmosis)
659% (sodium-potassium

pumps,
symporters, antiporters)
65% (diffusion)

1009% (symporters and
facilitated diffusion)
100% (symporters and
facilitated diffusion)
50% (diffusion)

80—-90% (facilitated
diffusion)

509% (diffusion)
variable (diffusion)

Secretion (into urine) of:

H'
NH,"

Urea

Creatinine

variable (antiporters)

variable, increases in
acidosis (antiporters)

variable (diffusion)

small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mMOsmJ/liter).
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Lumen of proximal tubule

Na* Glucose

{ HoO | H20
v 15 ' b
LRY
¥
3
3 CI- 3Na* Glucose Vitamins
H20
. [ ' Basolateral
& S . membrane
r_ . 2K*
-‘\'7 < b
4 CI Na+ H20O Glucose Vitamins




PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

R 659 (diffusion)

Glucose 10096 (symporters and
facilitated diffusion)

Amino acids 10096 (symporters and
facilitated diffusion)

CI 509 (diffusion)

HCO,; 80—-90% (facilitated
diffusion)

Urea 509 (diffusion)

Ca**, Mg~" variable (diffusion)

Secretion (into urine) of:

= variable (antiporters)
NH_.," variable, increases in
acidosis (antiporters) \
Urea variable (diffusion) 1
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MOsmyJ/iiter).

l

LOOP OF HENLE
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COMPARACION DE LOS MECANISMOS REGULADORES DELSODIOY DEL AGUA

;Quérequla? Requla el volumen extracelular. Requla la tonicidad delagua corporal
total

Detectan cambios enelvolumen drculante eficaz: Detectan cambios en la osmolalidad:
*  Senocarotideo *  Osmomeceptores hipotalamicos
*  Senoauricular

*  Arteriola aferente




Lugar de medicion Fiebre

Déficit en la produccion central

Insuficiente accion de ADH
Falta de respuesta renal

Renal

Pérdidas excesivas de agua
Extrarrenal

Iatrogenia

Balance positivo de sal
Hiperaldosteronismo primario




MANIFESTACIONES CLiNICAS

Los sintomas son fundamentalmente neuroldgicos y se relacionan con la
deshidratacion celular.

Los primeros en aparecer son la letargia, la debilidady la irritabilidad, y pueden progresar a
convulsiones, coma 'y muerte en casos graves.

Pacientes con diabetes insipida, poliuria, nicturia y polidipsia.




SINTOMATOLOGIA DE HIPONATREMIA

* Los sintomas por hiponatremia suelen ser sutiles y dificiles de tratar.

* Las manifestaciones dependen del grado y velocidad de instauracion.

* La hiponatremia aguda y grave (Na<125) produce edema cerebral.

Hyponatremic Hyponatremic+ hepatic
encephalopathy encephalopathy
Compensatory Insufficient
reponse capacity of osmotic
o® =) compensation
" @
ces H20 .‘ - 20

Cordoba J et al. Metab Brain Dis 2010
rafael.porcile@vaneduc.edu.ar
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Tres formas de movilizar sodio
del lumen urinario a la célula
tubular

* Difusion por Antiporte
» Co transporte con Glucosa
 Co transporte por vitaminas

rafael.porcile@vaneduc.edu.ar
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Model of water and solute reabsorption
Lumen of proximal tubule

Na* Glucose

Blood vessel near proximal tubulfe porcile@vaneduc.edu.ar



UNA formas de movilizar sodio
de la celula tubular al capilar

Bomba sodio potasio



Model of water and solute reabsorption
Lumen of proximal tubule

Na* Glucose

Blood vessel near proximal tubulfe porcile@vaneduc.edu.ar
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Extracellular fluid
Potassiumions (K*) 0 .

Sodium ions |
(Na*) ATP .

¢ Cytoplasm

The Sodium-Potassium Exchange Pump



Extracellular Cytosol

Na*






<irmal

Transporte de sodio y cloro a

traves del lado uminal de Ia
membrana tubular proximaal

PORCIONINICIAL

Reabsorclién de Na

mediante
wrWe

rargadade )
proteinas Concentraci
ansportador On cloro =

as que | 105 mEg
ansportan

por

I transporte.

PORCION
TERMINAL

g ==
Reabsorciodnde Na
con ones cloro.

Concentracid
N cloro = 140
mEg/l
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base

rafael! vanedic ediar




PROXIMAL CONVOLUTED TuUBULE
Reabsorption (into blood) of filtered:

Water 659 (osmosis)
Na~ 659 (sodium-potassium
pumps,
s e
K- 65°c (diffusion)
Glucose 1009 (symporters and

facilitated diffusion)

Amino acids 10096 (symporters and
facilitated diffusion)

Cl 509% (diffusion)

HCO,; 80—-90% (facilitated
diffusion)

Urea 509 (diffusion)

Ca*“*, Mg~=" variable (diffusion)

Secretion (into urine) of:

H" variable (antiporters) ~ 7

N, variable, increases in E————— S
acidosis (antiporters) J

Urea variable (diffusion)

Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MmOsmviiter). 1

LOOP OF HENLE .
rafael.porelle@vaﬂﬁumﬂuy‘
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Homeostasis del K*. Puntos clave

* Principal cation intracelular

» Ladistribucion del K* entre el LECy el LIC esta influido
por

— Equilibrio acido-base

— La presion osmotica del LEC

— Hormonas: insulina y mineralcorticoides
— Actividad alfa- y beta-adrenérgica

* Elrinon es el principal organo de eliminacign de K* . .



El tubulo
contorneado
proximal Excreta
potasio



REGULACION A NIVEL RENAL DEL FO1TASI0U,

VISION GENERAL DE LA EXCRECION
RENAL DEL POTASIO

Filtracion por 3 PIOCESOS:
r Filtracion de K
» Reabsorcion tubular

» Secrecion tubulat de K
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VISION GENERAL DE LA EXCRECION
RENAL DEL POTASIO

Filtracion por 3 PIOCESOS:
» Filtracion de K
» Reabsorcton tubular

» Sectecion tubular de K

& o AR AL R
% FG normal: T56mEq/ dia.

? FG: T K = hiperpotasemia
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|
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+=-Ausencia de insulina —— e
1. Beta bloqueantes
- Acidosis metabdlica
- Catabolismo
- Necrosis celular
- Hipertonicidad

FAVORECEN
HIPERPOTASEMIA

KD
- Insulina

- Agonistas de los receptores beta 2
- Alcalosis metabdlica

-Alcalosis respiratoria

-Crecimiento

- Recgp’eraCDn de cetoacidoésis FAVORECEN

- Nutricién parenteral total q HIPOPOTASEMIA
- Sintesis de hematies aumentada

- Paralisis perioédica hipopotasémica familiar

rafael.porcile@vaneduc.edu.ar




Hipokalemia

l Aporte: dieta pobre, fluidos endovenosos

s vomitos (K:5-10 meq/l)
Digestivas ?: diarrea (K:20-50 meq/I)

laxante

I Pérdidas Diuréticos
Voémitos
\ Anion no reabsorbible
Urinarias Hiperaldosteronismo
Diuresis osmotica
Acidosis tubulares
S. Bartter. Gitelman
Hipomangesemia

Otros farm AR porcile@vaneduc.edu.ar
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water
Na~

K
Glucose
Amino acids

ClI
HCO,

Urea
Ca.'_’o : Mg?-

65% (osmosis)
659% (sodium-potassium

pumps,
symporters, antiporters)
65% (diffusion)

1009% (symporters and
facilitated diffusion)
100% (symporters and
facilitated diffusion)
50% (diffusion)

80—-90% (facilitated
diffusion)

509% (diffusion)
variable (diffusion)

Secretion (into urine) of:

H'
NH,"

Urea

Creatinine

variable (antiporters)

variable, increases in
acidosis (antiporters)

variable (diffusion)

small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mMOsmJ/liter).
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Lumen of proximal tubule

Na* Glucose
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

VWater 659% (osmosis)
Na~ 659 (sodium-potassium
puUMmps,
symporters, antiporters)
K- 65°c (diffusion)
Glucose 100°%% (symporte_rs and

Amino acids 1006 (symporters and

facilitated diffusion)

HCO; 80—90% (facilitated
diffusion)

Urea 509 (diffusion)

Ca**, Mg~" variable (diffusion)

Secretion (into urine) of:

= variable (antiporters)
NH,." variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PC T, tubular fluid is still
isotonic to blood (300 MOsmyviiter).

LOOP OF HENLE
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!
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B GENERIC MODEL OF AMINO-ACID REABSORPTION
BY PROXIMAL TUBULE

Tubule lumen Interstitial space

(AA)

uptake for
. metabolism
< andlor nutrition
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base
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PROXIMAL CONVOLUTED TuUBULE
Reabsorption (into blood) of filtered:

Water 659% (osmosis)
Na~ 659% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65°c (diffusion)
Glucose 100%%6 (symporters and

facilitated diffusion)

Amino acids 10096 (symporters and
facilitated diffusion)

Ccr 50% (diffusion) |

HCO., 80—-90%% (facilitated
diffusion)

Urea 509 (diffusion)

Ca*“*, Mg~ variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters) ' 7 :

NH," variable, increases in 1} S — \
acidosis (antiporters) J

Urea variable (diffusion) 1

Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MmOsmviiter).

LOOP OF HENLE 1 o
rafael.porcile@vaneduciedu.ar
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Loseventos de reabsorcion enel tubulo
contorneadoproximal ocurrenasi:

1. TRANSPORTEACTIVOde Na haciael
plasmade los capilares peritubulares.

2. Estetransportecreauna diferenciade
potencial negativoen laluz deltubo
contorneado. Es poresto que el Cl- sale

hacialos cagilares Qeritubulares por

el 21| haci afyeradel
tubulo contorneado.

3. Porultimo, la granconcentracion de NaCl
enel plasmade los capilares peritubulares
, obligaal aguaa salirde los tubulos
contorneados por osmosis.

rafael.porcile@vane



Diferencia electroguimica al final
del TCP

CELULAS DE LA
PORCION TERMINAL DEL
M TURULC PROXIMAL SANG A
+4 mV . OoOmV
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Anion Gap
 El anion restante se basa en el concepto de que: los
aniones con cargas negativas y los cationes con cargas

positivas del suero deben ser iguales en magnitud para
mantener la neutralidad eléctrica.

La diferencia entre los aniones y cationes

medidos y no medidos es el anion restante.

e Cuyo valor normal es de 12 +/- 2,

e Y es igual a: [Nat] - [Cl- + CO3H-]

e 0 de 14 +/- 2 si se utiliza [Na+ + K+] - [Cl- + CO3H-].

rafael.porcile@vaneduc.edu.ar



Anion Gap
Mas alla del ¢l y bicarbonato

son los aniones que falatan para
lograr la neutralidad
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Anion Gap

La diferencia entre los aniones y cationes

medidos y no medidos es el anion restante.

e Cuyo valor normal es de 12 +/- 2,

e Y es igual a: [Nat] - [Cl- + CO3H-]

e 0 de 14 +/- 2 si se utiliza [Na+ + K+] - [Cl- + CO3H-].
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ELECTRONEUTRALIDAD

cationes aniones

HCO3

Sulf, Fosf

Ac org

ANION GAP = 12
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hicarbonate
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 659% (osmosis)
Na~ 659 (sodium-potassium
pumps,
symporters, antiporters)
K- 65°c (diffusion)
Glucose 10096 (symporters and

facilitated diffusion)

Amino acids 10096 (symporters and
facilitated diffusion)

o =) < - d

80—-90% (facilitated

diffusion)

Ca**, Mg~" variable (diffusion)

Secretion (into urine) of:

= variable (antiporters)
NH_," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MOsmyJ/iiter).

LOOP OF HENLE
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Anhidrasa Carbonica:

* Anhidrasa carbonica:
cataliza la reaccion:

« CO,yHO — H+yHCO,
 deshidratar al H,CO,

 Reabsorcion de HCO,
(bicarbonato)

Basolateral
membrane

Proximal tubule

Zonula occludens

~~~~~ » Na'
Na* @
NaHCO3 “/ - = \K
\ v
»
HCOa_ H Carbonic — - HCOG
\' / anhydrase
choa (_5 inhibitor
Carbonic
anhydrase
HZO - CO2 ------------ C02
LUMEN Metabolism
BLOOD
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base
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PROXIMAL CONVOLUTED TuUBULE
Reabsorption (into blood) of filtered:

Water 659 (osmosis)
Na~ 659% (sodium-potassium
pumps,

symporters, antiporters)

1009 (symporters and
facilitated diffusion)

facilitated diffusion)

T = 50%% (diffusion)

HCO,; 80—-90%9% (facilitated
diffusion)

Urea 509 (diffusion)

Ca**, Mmg~" variable (diffusion)

Secretion (into urine) of:

1 variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MOsmyJliter).

LOOP OF HENLE
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Difusion facilitada

* 1) generacion gasto de energia
una mayor concentracion
Intracelular

» 2) la glucosa sale de la celula
por gradiente
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[// Glucosa

(arrastre de
CLCa, Mg, Ky

Na".

Na*
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Brush border (microvilli)
Key: l |
Na -glucose symporter

Hl]

Glucose facilitated diffusion transporter
Diffusion
Sodium-potassium pump

i
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A HANDLING OF GLUCOSE ALONG NEPHRON B EARLY PROXIMAL TUBULE (S1)

o, ( Tubule lumen Interstitial :

100%
remaining

PCT-— M

— _-PST
Reee pt@ Fes SGLT 2 can accumulate glucose
_ to a [glucose]; / [glucose]
2% o SG LT as high as 70‘ b
—_ GLUT 1 C LATE PROXIMAL TUBULE (S3)
Nephron segments
beyond the PST LUT 2
reabsorb the 5
remaining 2%, 4L
Glucose 2K*
3
2 Na®
0% of ﬁfteted_ X\
load remaining

...but SGLT 1, which couples
glucose to two Na*, can establish
a ratio as high as 4900.

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition wwwiefatldniiie@vaeesiyc.edu.ar




Transporte maximo tubular

» Las sustancias con difusion facilitada y
transporte activo, dependen de un
mecanismo de naturaleza saturable y su
velocidad maxima de reabsorcion o
secrecion se denomina transporte maximo
para esa sustancia.
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" equivalente a una'¢@ncentracion
plasmatica’de $80 mg/dL, " .
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La carga tubular condicion
diuresis osmotica

oepnTng
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oafntTng
Diabeteses que significa correr a traveés.
Compuesto de

oia (dia-): a traves; y

prtyc (bAtes): correr; derivado de
drafaiverv (diabaAnein): atravesar.

Hace referencia al paso rapido del agua,
debido a la sed y orina frecuentes
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Umbral es la concentracion plasmatica de glucosa por encima de
la cual aparece glucosuria

Reabsorcion de glucosa

Glucosa en la orina

—
100 300 mg/100 ml
Concentracion de glucosa en plasma ’

rafael.porcile@vaneduc.edu.ar




Mellitus: de miel




Healthy
N

Type 1

Type 2

DIABETES MELLITUS

Insulin
Glucose = w ’/receptor
2

@ P
Insulin

FJ
Glucose -

X °

Pancreas failure to
produce insulin

[
o

Glucose @ Insulin
a® ¢ */receptor
) Cells fail to

@ @ respond to
insulin properly

Insulin
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Insipida

Orina sin
sabor...




DIABETES INSIFIDUS

Vaeopreaein
DDAVFP

S&5

Up to 20L Urine/Day
1 Specific Gravity
1 Osmolarity

Nursing Care

Monitor Fluids
Replace Flulds
vNeuro Status
v'Vital Signe
vMucous Membranes

Hypovolemia
T Thirst
Tachycardia
1BP

l!da ©2007 Nursing Education Consultants, Inc.
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water 65% (osmosis)
Na~ 65% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

Amino acids 100% (symporters and
facilitated diffusion)

cr 50% (diffusion)

HCO; 80—-90% (facilitated
diffusion)

Urea 50% (diffusion)

Ca®**, Mg** variable (diffusion)

Secretion (into urine) of:

H* variable (antiporters)
NH," variable, increases in
acidosis (antiporters)
Urea variable (diffusion)
Creatinine small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 mOsmvliter).

LOOP OF HENLE
Reabsorption (into blood) of:

Water 15% (osmosis in
descending limb)

Na* 20—30% (symporters in
ascending limb)

K 20—-30% (symporters in
ascending limb)

Ci- 35% (symporters in
ascending limb)

HCO; 10—20% (facilitated
diffusion)

Ca®", Mg®* variable (diffusion)
Secretion (into urine) of:

Urea variable (recycling from
collecting duct)

At end of loop of Henle, tubular fluid is
hypotonic (100—-150 mOsmvliter).

RENAL CORPUSCLE

Glomerular filtration rate:
105—-125 mblL/min of fluid that is
isotonic to blood

Filtered substances: water and all
solutes present in blood (except
proteins) including ions, glucose,
amino acids, creatinine, uric acid

DISTAL CONVOLUTED TUBULE
Reabsorption (into blood) of:

Water 10—-15% (osmosis)
Na* 5% (symporters)

(o1 iy 5% (symporters)

Ca** variable (stimulated by

parathyroid hormone)

PRINCIPAL CELLS IN LATE DISTAL
TUBULE AND COLLECTING DUCT

Reabsorption (into blood) of:

Water 5-9% (insertion of water
channels stimulated by
ADH)

Na* 1—4% (sodium-potassium
pumps)

Urea variable (recycling to loop
of Henle)

Secretion (into urine) of:

K* variable amount to
adjust for dietary intake
(leakage channels)

Tubular fluid leaving the collecting duct
is dilute when ADH level is low and
concentrated when ADH level is high.

INTERCALATED CELLS IN LATE DISTAL

TUBULE AND COLLECTING DUCT
Reabsorption (into blood) of:

HCO, varible amount, depends

(new) on H® secretion
(antiporters)

Urea variable (recycling to

loop of Henle)
Secretion (into urine) of:

17 P variable amounts to
maintain acid-base
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

Water
Na~

K-

Glucose

Amino acids

ClI
HCO,;

Urea
Creatinine

659% (osmosis)

6559 (sodium-potassium
puUMmps,

symporters, antiporters)
65°6 (diffusion)

100%%6 (symporters and
facilitated diffusion)

1006 (symporters and
facilitated diffusion)

509 (diffusion)
80—-90% (facilitated
diffusion)

509 (diffusion)
variable (diffusion

variable (antiporters)

variable, increases in
acidosis (antiporters)

variable (diffusion)
small amount

At end of PCT, tubular fluid is still
isotonic to blood (300 MOsmyJ/iiter).

LOOP OF HENLE
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Paratrohormonay Tubulo
contorneado proximal

EFECTO HIPERCALCEMIANTE

rafael.porcile@vaneduc.edu.ar



PARATOHORMONA
Aumenta la reabsorcion de Ca?
en tubulo contorneado proximal
Aumenta la resorcion osea

Aumenta la excrecion de fosforo

Aumenta la actividad de |la
10 hidroxilasa



Osmolaridad sanguinea al final
del TCP

8. Counter-current Multiplier

A: Vasa Recta With Passwv
Counter-current Exchange InThe Loop Of Henle
High bioactow :mr mOanel *1 1Tm0smo| ‘
BLoo> 300—— 305100
400+—— 40p 3% 00
800+ 600+ > y—400 Thick
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Diuréeticos osmoticos

——.. Y - O

)
f “M’fl\N'TOL 20% , Osmotic Diuretics -Mannitol

- - -
T — - . - et -y

Prevents re-absorpion of water from the proximsal
tubale

rafael.porcile@vaneduc.edu.ar



Sustancia
farmacolégicamente inerte,
sin embargo es una particula
no electrolitica
osmaoticamente activa, efecto
que aumenta el volumen
vascular transitoriamente y
estimula la diuresis

— diuresis al filtrarse a
través del glomérulo

| reabsorcion pasiva de
agua

| reabsorcion de Na*
Administracion intravenosa

Usos:

Edema cerebral
Hipertension
intracraneana (HIC)

Tx hipertension intraocular

RAF: Expansion transitoria
del volumen extracelular,
hiponatremia, cefalea,
nausea, vomito
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- Reduccion dt ‘
Intracraneal o intraoCoNe
- Disminucion de
nefrotoxicidad de cisplatino
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Acetazolamida <

20 Tabletas

B

5 BLASKOV LTDA.




Disminuyen la habilidad de
intercambiar Na* por H* — diuresis
leve.

Impide la reabsorcion de bicarbonato
(HCO, )

Retencion de bicarbonato en el
lumen: 1 pH urinario

La pérdida de bicarbonato induce
acidosis metabdlica

Efecto diurético muy limitado | ? ol Tonkl e

e
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Edema por Insuficiencia cardiaca
congestiva

Edema de origen medicamentoso
«Cuadros de retencion hidrosalina
Glaucoma de angulo abierto
*Glaucoma conico simple
*Glaucoma secundario
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Acetazolamida en los viajes en altitud
Acetazolamide in high altitude trips

Sr. Director:

En los dltimos afos presenciamos el aumento del llamado
«turismo de aventura», lo que nos afecta, puesto que
muchas veces acuden pacientes a la consulta y solicitan
informacion sobre los posibles riesgos para el viaje, la
preparacion del botiquin, etc.

En los viajes a regiones del planeta por encima de los
3.000m, sobre todo para realizar senderismo o alpinismo,
casi todo el mundo experimenta algin sintoma del sindrome
del mal agudo de montana (MAM) con una gran variabilidad
interindividual, con mas sintomas y mas intensos conforme
mas alto o mas rapido sub Se ha doct do que la
incidencia del MAM es mayor del 43% por encima de los
4.300m y del 34% por encima de los 3.650m".

Para prevenir el MAM se ha generalizado el uso de
acetazolamida®?, con numerosos estudios pero con limi-
taciones metodologicas dadas las dificultades para ello. Este
tratamiento (que con esta indicacion no esta aprobado en
Espaina) se recomienda por parte de las agencias organiza-
doras, los guias locales y los servicios publicos
de sanidad exterior. También los viajeros llegan a conocer
de este por la informacion que circula de boca en boca y
sobre todo a través de Internet. Aunque precisa receta
meédica en nuestro pais, es posible conseguirlo sin pres-
cripcion médica en lugares donde la cobertura sanitaria es
casi inexistente.

La acetazolamida es un diurético inhibidor de la anhidrasa
carbénica y su mecanismo de actuacién no es del todo
conocido. Parece dificultar el transporte del dioxido de
carbono de la célula al interior del alvéolo; la acidosis tisular
resultante probablemente es la causante de la estimulacion
de los quimiorreceptores y del aumento de la frecuencia
respiratoria, y previene, a su vez, la respiracion de
Cheyne-Stockes que se da durante el suefio y la menor
hipoxemia secundaria (fenémeno frecuente en el proceso de
aclimatacion). Este estimulo respiratorio es aumentado por
parte de una mayor excrecion renal de bicarbonato, que
aumenta la acidosis metabodlica. Estos procesos son parte de

la aclimatacién normal del organismo, pero la acetazola-
mida los acelera.

Sin embargo, hay que tener en cuenta las limitaciones de
los estudios que han llevado a esta recomendacion. Estos se
han realizado en alturas no mayores de 4.900 m*, alguno
en alturas mayores pero con una muestra pequea”. Otro de
los mas importantes tomd como muestra a porteadores
nepalies®. Hay que tener en cuenta que estos muchas veces
viven a alturas superiores a los 3.000m y tienen una mejor
«adaptabilidad» genéticamente determinada.

Seglun mi experiencia sobre el terreno, es un medica-
mento efectivo y seguro usado en casos seleccionados, con
frecuentes pero bien tolerados y transitorios efectos
secundarios, y que ha evitado, en alguna ocasién, que la
vida del paciente corriera peligro ante la dificultad para
descender o la imposibilidad de un rapido rescate. Sin
embargo, también he comprobado cémo se abusa de este
por el intenso deseo de subir, pero también por la falta
de informacion, ya que la mejoria de los sintomas provoca
que los montaneros puedan pensar en seguir ascendiendo, lo
que aumenta el riesgo de complicaciones del MAM (edema
pulmonar y edema cerebral de altitud), con riesgo vital, por
tanto, en un medio aislado, salvaje y hostil, muchas veces
sin posibilidad de atencion sanitaria ni de rescate.

Considero entonces, que es un farmaco que valorar para este
tipo de viajes. Se debe informar siempre sobre sus limitaciones,
segln los estudios realizados, y por supuesto sobre sus contra-
indicaciones y sus riesgos; insistir en que la forma mas segura de
aclimatar es una ascension progresiva y cuidadosa, con una
correcta hidratacion, e informar, ademas, sobre los sintomas y
los signos del MAM, como valorar su gravedad, sus posibles
complicaciones y la actuacion ante estos.
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del mal agudo de montana (MAM) con una gran variabilidad
interindividual, con mas sintomas y mas intensos conforme
mas alto o mas rapido subamos. Se ha documentado que la
incidencia del MAM es mayor del 43% por encima de los
4.300m y del 34% por encima de los 3.650m".

Para prevenir el MAM se ha generalizado el uso de
acetazolamida®?, con numerosos estudios pero con limi-
taciones metodologicas dadas las dificultades para ello. Este
tratamiento (que con esta indicacion no esta aprobado en
Espana) se recomienda por parte de las agencias organiza-

de sanidad exterior. También los viajeros llegan a conocer
de este por la informacion que circula de boca en boca y
sobre todo a través de Internet. Aunque precisa receta
meédica en nuestro pais, es posible conseguirlo sin pres-
cripcion meédica en lugares donde la cobertura sanitaria es
casi inexistente.

La acetazolamida es un diurético inhibidor de la anhidrasa
carbonica y su mecanismo de actuacion no es del todo
conocido. Parece dificultar el transporte del didxido de
carbono de la célula al interior del alvéolo; la acidosis tisular
resultante probablemente es la causante de la estimulacion
de los quimiorreceptores y del aumento de la frecuencia
respiratoria, y previene, a su vez, la respiracion de
Cheyne-Stockes que se da durante el suefio y la menor
hipoxemia secundaria (fenomeno frecuente en el proceso de
aclimatacion). Este estimulo respiratorio es aumentado por
parte de una mayor excrecion renal de bicarbonato, que
aumenta la acidosis metabolica. Estos procesos son parte de

0212-6567/% - see front matter © 2010 Elsevier Espana, S.L. Todos los derechos reservados.

At 1™ 101474 st 2010 (Y A2

Jrxamento de Carajg,
9,

s

embargo, también he comprobado como-:
por el intenso deseo de subir, pero tam
de informacion, ya que la mejoria de los
que los montaneros puedan pensar en segu
que aumenta el riesgo de complicaciones aéUFTAAM
pulmonar y edema cerebral de altitud), con riesgo vi
tanto, en un medio aislado, salvaje y hostil, mucha
sin posibilidad de atencion sanitaria ni de rescate.
Considero entonces, que es un farmaco gue valorar p:
tipo de viajes. Se debe informar siempre sobre sus limit:
segln los estudios realizados, y por supuesto sobre sus
indicaciones y sus riesgos; insistir en que la forma mas se
aclimatar es una ascension progresiva y cuidadosa, c
correcta hidratacion, e informar, ademas, sobre los sinl
los signos del MAM, como valorar su gravedad, sus |
complicaciones y la actuacion ante estos.
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