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Homeostasis Hidrica

Water gain

2.2 L/day

Food and drink

0.3 L/day | Metabolism >

Water loss

| Lungs >_

Glucose + O —= COs + H,O + ATP

Insensible

[ Skin >
: — water loss

0.9 L/day

Urine 1.5 L/day

Feces 0.1 L/day

Intake
2.2 L/day

Metabolic
+ | production

0.3 L/day

Output

(0.9 + 1.5 + 0.1)L /day
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Filtracion glomerular

En el glomérulo renal se filtran 125 ml de liquido por minuto. Esto se
denomina filtrado glomerular

El 25% (1.25 /min) van al rindon
e ®

/

0% g / El 55% (690 ml/min) es plasma
. ‘ ',f, /'/
D /.f' /
°® o °p% 2 L LT NI Y VIR X
@ .‘ O\ /) EI 99 % del filtrado
eo® g ( se reabsorbe

El 20 % (125 ml/min) del
plasma se filtra

Aprox. el 1 % del filtrado
(1 ml/min) se excreta

El corazén bombea
5 I/min de sangre
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Tiazidas
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Bgod water
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adaptada con el permiso de Wolters Kiuwer Heaith.
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objetivas éutic i con la elevacion de las presiones de Benado ventricular en pacientes con insuficiencia cardiaca. Imagen

Blood
pressure




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




Heart failure

' acute mountain turia & acidosis
iC states sickness pokalemia
Refractory edemas  Glaucoma Metabolic '
, r‘ alkalosis yperchloremia
Hyeruricemia Acute renal Failure
Uses Side efects Paraesthesias
Ototoxicity acute pulmonary edema
i Renal stones
H nesemia n overdose AN . "
Froe Uses CA inhibitors hypersensitivity
Hypocalcemia Hypertension acetazolamide 110 i glaucoma
Hypokalemia & alkalosi Side J LOOP, & dorzolamide |
Effects  ethacrynic 2 Uses Jintracerebral pressure
bt & Anosemice Oliguric states
hypeseeavy osmotic
o Side effects:acute hypovolemia
Hyertension,CHF - Uses Thiazides
X hydrochlorothiazide B SR = .
Nephrolithiasis & Indsamide K sparing === Amiloride &Triamterene
" "L‘i‘t’hmgen‘% Side efects l Uses
iabetes insipidus . ; . -Adi
Sufonamide hypersenstvty ¢ ironolactone x;t‘,’n";tdtiz;m'
Hyokalemia & alkalosi Uses -Lithium-induced
Hypercalcemia -Hyperaldosteronic state ?e;:hi;ogenic diabetes
-Adjunct to K wasting diuretics] Insipidus
el -Congestive heart failure Side effects
Hyperglycemia Side effects : -Hyperkalemia
Hyperlipidemia -Hyperkalemia & acidosis & acidosis

-Antiandrogen rafael.porcile@vaneduc.edu.ar



¢,La sobrecarga hidriga,
la natremia, la presion
arteria, la Kalemia, la
funcion renal de nuestros
pacientes es

siempre la
misma ?







MAXIMA
EFICACIA =
DIFICIL MANEJO




Diureticos de méaxima eficacia. Actlan en
los segmentos diluyentes; la fraccion de
eliminacion de Na+ es superior al 15 %.

Los mas importantes son los
sulfamilbenzoatos :furosemida,
bumetanida y piretanida,

Derivadode la sulfonilurea torasemida
(torsemida),

Derivado del acido fenoxiacético acido
etacrinico
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¢ El efecto del mismo
diurético en el mismo
paciente es siempre el
mismo o se limita en el

tiempo? ’—ﬂ

—
f/
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o0dium excretion rate

A mayor ericiencla mayor
Impacto sobre sodio y potasio
el efecto primera dosis se pierde
progresivamente

Hospital Universitario

o TA]

Buoavadabliity Maximal response

Diuretic excration rate
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¢ Diuréticos de media eficacia?
cdiscriminar bien cual es el
problema que g
predomina

en el paciente?
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Diuréticos de eficacia mediana.

Actlan en la porcion final del segmento
diluyente cortical y en el primer segmento del
tibulo distal;

la fraccion de eliminacidon deNa+ es del 5-10
%. Pertenecen a este grupo

Las benzotiadiazinas(tiazidas e hidrotiazidas):
hidroclorotiazida,

Clortalidona
Indapamida

rafael.porcile@vaneduc.edu.ar



¢ Diureticos de baja eficacia?

cel paciente necesiia un
“poquito” de
diuretico?

¢ Cual es el tamafio
del problema?




Diuréticos de eficacia ligera.
La fraccion de eliminacionde Na.es inferior al 5 %.
Su sitio de accion es variable:

o) Ahorradores de K.: actuan en el ultimo
segmentodel tubulo distal por inhibicion de la
aldosterona: espironolactona y canrenoato de
potasio,

O con independencia de la aldosterona: amilorida

B) Inhibidores de la anhidrasa carbonica:
acetazolamida diclorfenamida

rafael.porcile@vaneduc.edu.ar



£, S0n 1IN0Cuo0s?

Table 148, Adverse Effects of Diurelics

Adverse reaction Comments
Hypolens: Mast comman after initiation of therapy or increase in dose
Decreased GFR Highes! risk in patients with concurrent ACE inhibitor or ARB
therapy or in those with renal arlery disease
Eleciolyle abnormaltes
Hypokaema Cccurs with thiazide and loop diuretcs
Dose and sodium inlake-dependent
Hyperkalemia Qcturs with potassium-spanng diuretics and can be prolonged
Melabolic alkalosis Cccurs with thiazide and loop diuretcs
Deose and sodium mlake-dependent and ¢an be refractory 1o
treaimentin the presence of hypomagnesemia
Hyponaltremia Occurs with thiazide and kop durebcs.
Hypomagnesemia Cccurs with thiazide and loop diuretcs
Dose and sodum inlake-dependent
Hypercalciuna Qoours with 100p divretics
Hypocaiciunia Qccurs with thiazide-type divrebics
Allergic reactions No significant cross-reaction with sulfenamide antiatics, but
hypersensitivity to a sulfonamide antbiolic is associaled with an
increased nisk for subsaquent allergic reactions for many drugs
Effects on the fetus Avoid use of spironolacione, other compounds should be used

caubiousty with electrolyte disturbances to be avoided, a number
of diuretcs raverse the placenta




Potential Complications of Diuretics and Their Associated Mechanisms.

Increased proximal Na™ reabsorption " Increased arterial resistance

Possible limitation of blood-pressure lowering

Decreased plasma volume Increased proximal Ca** reabsorption
) . == Decreased Ca™" clearance
Decreased cardiac output Orthostasis
- 9
Diuretic =
s
= : . .
o Diuresis Hypomagnesemia
b2
w - .
s Increased distal Ca™ reabsorption
g
- Decreased uric acid clearance Hyperuricemia
Be)
<<
Impaired renal H,O excretion Hyponatremia
Decreased renal blood flow Prerenal azotemia
- Increased activation of RAAS Kaliuresis » Hypokalemia
!! 2 |
- /I
Impaired insulin resistance Dysglycemia
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Diuretic

Adaptations to diuretics

Potential Complications of Diuretics and Their Associated Mechanisms.

Increased proximal Na™ reabsorption - Increased arterial resistance

i

Decreased plasma volume wup ’ Increased proximal Ca** reabsorption ‘

——————————— “lDecreased Ca™" clearance
’ Orthostasis ‘

Possible limitation of blood-pressure lowering

Decreased cardiac output

)

Diuresis

Hypomagnesemia

Increased distal Ca™ reabsorption
- Hyperuricemia

o Hyponatremia
" Prerenal azotemia

Decreased uric acid clearance

Impaired renal H,O excretion

Decreased renal blood flow

- Kaliuresis - Hypokalemia
2 |

> oreveema |

 |Increased activation of RAAS

V7

Impaired insulin resistance
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Table 3. Common Clinical Problems Encountered with Thiazides, and Possible Solutions.*

Clinical Problem

Attack of acute gouty arthritis

Hypokalemia (serum potassium =3.5 mmol/liter)

Increase in serum creatinine from baseline level

No apparent response to hydrochlorothiazide at a dose
of 25 mg/day

Report of dizziness on standing

Discovery of asymptomatic hyponatremia

Thiazide therapy recommended for patient with docu-
mented history of allergy to a sulfa antibiotic

Report of muscle cramps
Impaired fasting glucose level or diabetes at baseline

Development of diabetes during thiazide therapy

Nocturia or incontinence

Baseline GFR <3040 ml/min/1.73 m? of body-surface
area

Development of sun sensitivity

Possible Solution

Obtain uric acid level, and discontinue thiazide if level is elevated. Recheck
level after resolution of the attack, and assess the need for prophylaxis.
Use another antihypertensive agent if uricosuric prophylaxis is not
tolerated or indicated.

Correct hypomagnesemia if present. Add potassium-sparing agent or supple-
mental potassium chloride. Advise salt restriction. If blood pressure is not
controlled, consider adding a RAAS inhibitor.

Assess hydration status and discontinue any concurrent and unnecessary
nephrotoxic drugs (e.g., NSAIDs). Recognize that a slight elevation in cre-
atinine may be the result of improved blood-pressure control in patients
with microvascular disease, in whom renal function is dependent on
blood pressure for adequate perfusion.

Assess lifestyle and advise salt restriction if needed. Consider increase in di-
uretic dose, switch to longer-acting thiazide such as chlorthalidone, or
addition of RAAS inhibitor.

Check for orthostasis. Reduce diuretic dose if necessary. Assess hydration
status, and insure diuretic is administered in the morning. Instruct the
patient to stand up slowly.

Assess concurrent medications (e.g., SSRIs) and determine risks and benefits
of continuing thiazide. Evaluate patient for excessive water intake.

Sulfa antibiotic allergy is not a contraindication to receiving a thiazide. The
risk for cross-sensitivity appears to be more dependent on an underlying
propensity for atopy than on any specific cross-reactivity among the
classes. If true allergy to thiazide is documented, ethacrynic acid
(a non—sulfa-containing loop diuretic) can be used.

Check serum potassium level and normalize if low. Consider another diuretic
if electrolyte levels are normal.

Institute appropriate management of cardiovascular risk factors. Thiazide use
is not precluded.

Institute appropriate management of diabetes and related cardiovascular risk
factors. The average excess increase in glucose attributed to thiazide use
is approximately 3—5 mg/dl (0.2—0.3 mmol/liter). Thiazides will probably
be necessary for achieving blood-pressure targets. The addition of a RAAS
inhibitor{ should be considered, especially if blood pressure is not con-
trolled.

Avoid thiazide dosing in the afternoon or evening. Limit evening fluid intake.
Consider discontinuing thiazide if symptoms are intolerable.

Substitute furosemide or torsemide. A practical formula for determining the
dose of furosemide, in milligrams to be given twice daily, is as follows:
(patient age + blood urea nitrogen level) - 2. Torsemide can be given
once daily.

Encourage sunscreen use.

* GFR denotes glomerular filtration rate, NSAID nonsteroidal antiinflammatory drug, and SSRI selective serotonin-reuptake inhibitor.

T Examples of renin—angiotensin—aldosterone system (RAAS) inhibitors are angiotensin-converting—enzyme inhibitors and angiotensin

ll—-receptor blockers.
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Diureticos en el

DANO RENAL



Funcion renal
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RIFLE

GFR Criteria* Urine Output Criteria
Risk Increased SCreat x 1.5 or UO <.5 mlkg/h
GFR decrease >25% x 6 hr
High
Sensitivity
Increased SCreat x 2
Injury or GFR decrease O i'?zmhlik g/h
>50%
Increased SCreat x 3
. GFR decrease 75% UO =< milkg/n .{P
Failure x 24 hr or
OR SCreat =4 mg/dl A
Acute rise =0.5 mg/dl -
High
Specificity
boes Persistent ARF™" = complete loss
of kidney function >4 weeks
End Stage Kidney Disease
i (>3 months)

rafael porcile@vaneduc.edu.gr



RIFLE

GFR Criteria® Urine Output Criteria
: Increased SCreat x 1.5 or
Risk " CFR decroase > 25% Margen

terapeutico seguro ,
Increased SCreat x 2 e
injury | or GFR decrease para tratamiento

>50%

Increased SCreat x 3

=
Failure GFR decrease 75% on<é£31 ml/:rg/h -
OR SCreat =4 mg/dl . &
. Anuria x 12 hrs
Acute rise =0.5 mg/dl :
High
Specificity
Loss Persistent ARF™" = complete loss
of kidney function >4 weeks
End Stage Kidney Disease
EOKD (>3 months)
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RIFLE

GFR Criteria® Urine Output Criteria
Risk Increased SCreat x 1.5 or UO <.5 mlikg/h
GFR decrease >25% x 6 hr
High
Sensitivity
Increased SCreat x 2
Injury or GFR decrease O i'?thVrkg/h
>50%
Increased SCreat x 3 :
caie  GFRdecrease75% | YOS 3miAem &
OR SCreat =4 mg/dl

Acute rise =0.5 mg/dl Atk ZO n a.

Persistent ARF™" = comple de altO rleSQO

ED8S of kidney function >4 w
para tto
End Stage Kidney Diseaos
EoKD (>3 months)
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EPIDEMIOLOGIA

Acute Decompensated

Heart Fallure National
Registry ADHERE




Acute Decomperf@ited Heart Failure
National Registry ADHERE
Registro de pacientes admitid@s por

Insuficiencia cardiaca a

» 30% con historia de disfuncio al
1% con mas 2 mg % de cre a
% de los paciente clearenc or a
ml/mil

* 9% mas de 3 mg % de creati
|

l




¢ Como modificar
mediante la terapéutica el
volumen extravascular de
nuestros pacientes

SIN HACERLES
DANO?
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CONDICIONEMIENTO =
DEL FILTRADO
GLOMERULAR

COMO HERRAMIETA

TERAPEUTICA



Arteriola
eferente

Glomerulo

Presion oncotica
glomerular -

it Presion de
resion

vidrostatica filtracion neta :>
de la capsul
€SI 10 mm Hg

Arteriola
aferente

Presion
sanguinea

/

Capsula
de Bowman



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 mOsmV/liter).

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
homeostasis (H® pumps)




RENAL CORPUSCLE

Glomerular filtration rate:
105—125 mbL/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



REGULACION DE FLUJO
PLASI\/IATICO RENAL
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Arteriola
eferente ﬁ

Glomerulo
Presion oncotica
=N glomerular -
- 30 mm Ha Presion Presion de
. mm ! 5 2 .
Arteriola il B g lidrostatica pf filtracion neta m
aferente \) de la capsul: 10 mm Hg
Presion
55 mm Hg sanguinea

/

Capsula
de Bowman




Difereqcia de presion

Arteriola
eferente ﬁ
Glomérulo ‘ ) A
L . Ty
mq Presion oncotica
- v glomerular Do d
. 30 mm Hg Presion f;eS'Q') e |
Arteriola lidrostatica litracion neta :>
aferente de la capsul: 10 mm Hg

. \Presion
sanguinea

/

Capsula
de Bowman
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Factores metabdlicos:

El aumento de la concentracion de Cloruro
(posiblemente también de sodio) en el tubulo distal
genera una sefial que produce vasoconstriccion arteriolar
aferente. La reduccion de la concentracion de cloruro
genera una sefial en sentido opuesto.

Endotelio oxido nitrico y endotelina
Autorregulacion (respuesta miogena) una
vasodilatacion arteriola aferente frente a la
reduccion de la presion y una vasoconstriccion
frente al aumento de la presion de perfusion.

: . L s - :
AU ST TSRS 4 HIHL Fe Uil | @ \‘Lljjl ‘-\(

i A

NerVIOSOS El tono basal S|mpat|co es minimo, por lo que
dichos vasos se encuentran dilatados en reposo.

El incremento de la actividad simpatica supone
incremento del tono y disminucion del FPR

HumoralesVasoconstriccion renal:, All ADH , Adr,

NAdr, TxA2. Adenosina

rafael.porcile@vaneduc.edu.ar



180 —

Glomerular filtration rate (L/day)

T T | T T T 1 | | T T

0 40 80 120 160 200
Mean arterial blood pressure (mm Hg)
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INT CIONTERAPEURICA/@UE LLEVE

~“LATAM POR DEBAJOBE 80 O POR ENC

DE 180 CONDICIONAIEL FILTRADOM
GLOMERULAR . TAM INFERIORAS0D |
INTERRUI EEILTRADO, ERULAR
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COMO MEDIR EL
FILTRADO
GLOMERULAR




Sintesls de creatinina

Creatina
Arginina +
Glicina

CH,
A
» H.N N
OH
Metlonma \n/

’ NH
- }3 - &TF

e cr:_as?f;‘:__';‘a Fosfato de Creatina

ATP->ADP Ui

CK\‘+/‘







Patient Hospitalization Episodes in ADHERE
End 2003 — Now (= 170,000 end 2004)

Cumulative Patient Episodes Enrolled

110,000 -
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& 000
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¢ Mejoramos la
creatinina de nuestros
pacientes durante la
Internacion?




The frequency and time course of developing an increase in
creatinine in patients hospitalized with HF. The percent of patients
with an increase (by that time in the hospitalization) in creatinine of at
least the value indicated is shown.

100

80 -
Y )K"")K"")K"")K"")K""X""'X"")K ..... )K"")K"‘-)K""X >0.1 Carbios

o, 00 - X g g g4 >02en

40 - A creatinia
o-h-h-hkkk ok khh ok >0.3 durante la
20 -/ _,._x---—x---—><---—><----><-—--X----><----><----><---~><-"’X 504 ; -
; i o P QR R A 6666 ¢ ¢ 4 internacion
0 i’f’g. >0.5
I [ [ I [ [ [

1 3 5 / 9 11 13 15

Jeremy S. Bock, and Stephen S. Gottlieb Circulation.
2010;121:2592-2600

e American

Heart
Association.
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Entonces con el
dosaje de cretinina

Ilegamos tarde 11




La urea y creatinina se elevan cuando el dano
renal ya se ha establecido.

Por tanto, son necesarios parametros que de una forma
precoz alerten sobre la existencia de una disfuncion renal

’ a creatinina solo se
& » /!\ Eleva con un
: - clearence menor de
g . 60 ml/mim

CFR s/ min
Figure 1. Relationship between glomerular filtration rate (GFR) and serum creatinine (SCr). Large
changes in GFR (e.g., 509 decrease from 120 ml/min to 60 ml/min) are reflected in only small
changes in SCr (0.7 mg/dL to 1.2 mg/dL). rafael.porcile@vaneduc.edu.ar



Barsanulfo






Ucr = Concentracion urinaria de creatinina, mg/dl.

V = Volumen del flujo urinario, ml/min.
Pcr = Concentracion de creatinina en plasma, mg/dl.

ASC = Area de superficie corporal, m2.

Lors Uerx Ve 170
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P'.:I.. xun LK
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Dopamina

HO

NH
HO :
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dopaminergic

DA1 a 2 rec.

|

*inotropic
*chronotropic
carrhythmogenic

v

vasoconstriction

renal and
peripheral
vasodilatation




realmente modifica el filtrado
glomerular?
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Efecto diurético de la
Dopamina ¢verdad o mito?




Que pasa con la
dopamina a dosis...
“diureticas”



ROSE Study Design
HEART >

[ AHF + Renal Dysfunction N = 360 T'LURE\ ET '~.'..'c)
I «

Open; 1 to 1 randomization
L

Nesiritidé Strategy

Double-blind; 2 to 1 randomization Double-blind; 2 to 1 randomization

Low Dose

Nesiritide

(72 hours)
N=119

= 61

\----‘

Pooled Placebo (N=119)

\---————---—-—-——‘

Standardized Diuretic Dosing For 15! 24 hours
2.5 x Outpt Furosemide Equivalent in Divided (BID) IV Doses



Low Dose Dopamine:
Co-primary End-points

HEART * %

FAILUREnETwWo Rk

72 Hour Urine

Volume
— 1 - an
o L P=0.58
@ | 1
£
5 10
(4 83 85
Q
£
= 84
—
o
.;
™~
~ 0 A,

Placebo Dopamine

Chen, HH et al. JAMA 2013

Change in
Cystatin-C
% 0.20 - P=0.72
E l 1
g 0.15 845
0.11
o
c
@ 005
g
§ 0.00 -

Placebo Dopamine







QUE DICE LA
FISIOLOGIA...



INOTROPICOS Y VASOPRESORES

DROGA MEC ACCION
DOSIS PRESENT

Dopamina Receptor DALl 0,5-3 ‘
mcg/kg/m

Receptor Bl S

amp

Receptor Bl+alfa

! 200 mg

Receptor alfa > 10 d ; 5
” opaminergic
DA1 a2 rec.

Dobutamina Receptor B1
amp
Receptor B2? 2-20
mcg/kg/m 250 mg renal and

peripheral
vasodilatation

Isoproterenol Receptor B1y B2 1-6
mcg/min 1-2 mg




. Solo
vasodilatacion?



/' Fore Dopamine
-

Pharmacological effects:

B o\
(1\\ ! // o, B receptor, dopaminergic
) ncreased receptor agonists
(1) Cardiac effects : 1 receptor,
weak

(2) Vascular effects :

DA receptor: vasodilatation of
renal, mesenteric arteries (small
doses);

a1 receptor: vasoconstriction of
skin, mesenteric/renal vessels
(larger doses)

Dopaminergic

Increased
blood flow

Dopamine




|_a Biblioteca Cochrane

Barrington K, Brion LP Dopamina versus ningun tratamiento
para prevenir la disfuncion renal en recién nacidos prematuros
tratados con indometacina La Biblioteca Cochrane Plus, 2008
NUmero 4. Oxford

La dopamina mejoro la diuresis
IDMP: 0,68 ml/kg/hora

(IC del 95%: 0,22; 1,44)],

pero no hubo pruebas del efecto
sobre la creatinina sérica




|_a Biblioteca Cochrane

Barrington K, Brion LP Dopamina versus ningun tratamiento
para prevenir la disfuncion renal en recién nacidos prematuros
tratados con indometacina La Biblioteca Cochrane Plus, 2008
Numero 4. Oxford

La dopamina mejoro la
diuresis

[IDMP: 0,68 mi/kg/hora

(IC del 95%: 0,22; 1,44)],

pero no hubo pruebas del
efecto sobre la creatinina sérica




En Insuficiencia renal aguda

Incrementa el flujo plasmatico renal
Filtracion glomerular
Flujo urinario y promueve la natriuresis.

Entre 0,5y 3,0 ug/Kg/min, se produce vasodilatacion intrarrenal por
activacion de receptores especificos DA1

En dosis mayores a 3 ug/Kg/min y hasta 10 pg/Kg/min, dopamina
se une a receptores alfa-adrenérgicos vasculares aumentando la
frecuencia y el inotropismo cardiaco, elevando el débito cardiaco y
secundariamente la perfusion renal.

Dosis superiores, con umbral de 5 y hasta 20 ug/Kg/min, hacen
que los efectos beneficiosos tiendan a contrarrestarse por activacion
de receptores periféricos adrenérgicos alfa-1

rafael.porcile@vaneduc.edu.ar



Dopamine D,-like receptors
regulate the o, -adrenergic
receptor in human renal proximal
tubule cells and D,-like dopamine

American Journal of Physiology - Renal
Physiology Published 1 December 2014
\Vol. 307 no. 11, F1238-F1248 DOI.
10.1152/ajprenal.00119.2014



LLLLL

La depamlna reduce
la absorcion de sodio y
agua en el tubulo

contorneado proximal







Farmacos que incrementan
el flujo plasmatico renal

—Serelaxina
—Ularitide



UAI Estimulacion y activacion de la
- Guamilato ciclasa soluble
En el citoplasma
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Se producen en el cuerpo luteo
del ovario, Ia-m, ma y, durante b
el embarazo, j@@iblelen la + AUMENTO DEL 20 %

placenta, col ' dua. h VM CARDIACO A
/ PARTIR DEL PRIMER
& TRIMESTRE
) " ' . AUMENTO
: » CLEARENE DE
) CREATININA 30%

« AUMENTO DEL
FLUJO
PLASMATICO

RENAL 45 %
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Working model of relaxin sustained-vasodilatory response.

PREGNANCY/RELAXIN

- RXFP1 | « RXFP1 knock-out mice

(relaxin receptor)

- SU5416 S
- Neutralizing >3 /:9 « GM6001
ibodi - Cyclic CTT

¢ Vascular Vascular| - TIMP-2
VEGF & PGF <ECM o P— MMP 2 MMP-9| < Neutralizing

/ \ antibodies

Prepro-ET —> BIg ET Elges

N

- . - ETg receptor
- Endothelial removal Endothelial -
[. L-NAME/L-NMMA } T NO <€ ET t knock-out rats
p receplor | . Res-701-1
- SB209670

¥ Myogenic Constriction * GFR 4 RPF Flujo plasmético

Mouse, Rat and Human Small Arteries) (Conscious Rats) renal

Kirk P. Conrad Am J Physiol Regul Integr Comp Physiol
2011:301:R267-R275 AMERICAN JOURNAL OF PHYSIOLOGY

Regulatory, Integrative and Comparative Physiology

©2011 by American Physiological Society



Serelaxin
Trnal
Program
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@ FASITRALK CLINICAL RESEARCH

Effects of serelaxin in subgroups of patients with
acute heart faillure: results from RELAX-AHF

Marco Metra'™, Piotr Poanhowshi®, Gad Cotter?, Both A, Daviaoe’, G, Michac] Felker?,
Gerasimes Fllippatos', Barry H. Greonberg®, Taushung A Hua', Themax Severin®,
ELaine Unomori®, Adeaan A Yoors™, and John R, Teerlink'!

Hemodynamic Effects of Serelaxin
in Patients with Acute Heart Failure

PRESION CAPILA
PULMONAR

c
R E D U C E LA § ; ‘ { 1 Treatment group —e&— Serelaxin
'C; , l [ | ?r- Placebo
R
=
Q.

\
\* % AF
4

weoge pressure (mmHg)

Hours post dose

REDUCE LA
PRESION Arterial
PULMONAR

Mean PAP (mmHg)

Hours post dose

Ponikowski P, et al. Eur Heart J 2014;35:431-441.



Journal of the American College of Cardiology Vol. 61, No. 2, 2013 g

i© 2013 by the American College of Cardiology Foundation 155N 0735-1097/836.00
Published b}' Elsevier Inc. hl'rp:-";'dx.dui.c:rg.-"‘ll:l.1D1&.‘rj.jacc.2'|}11.11.m5

EXPEDITED PUBLICATION

Effect of Serelaxin on Cardiac, Renal, and
Hepatic Biomarkers in the Relaxin in Acute
Heart Failure (RELAX-AHF) Development Program

Correlation With Outcomes

Marco Metra, MD,* Gad Cotter, MD,T Beth A. Davison, PHD, G. Michael Felker, MD, MHS,%
Gerasimos Filippatos, MD,§ Barry H. Greenberg, MD,| Piotr Ponikowski, MD, PuD,{

Elaine Unemorn, PHD# Adriaan A. Voors, MD, PHD,* Kirkwood F. Adams, JR, MD, 1t

Maria I. Dorobantu, MD,## Liliana Grinfeld, MD,§§ Guillaume Jondeau, MD, PuD,|

Alon Marmor, MD,¥q Josep Masip, MD ## Peter S. Pang, MD,™ Karl Werdan, MD, {7
Margaret F. Prescott, PHD,$3F Christopher Edwards, BS,T Sam L. Teichman, MD #

Angelo Trapani, PHD, 4% Christopher A. Bush, PHD, £ Rajnish Saini, MD

Chnstoph Schumacher, PHD,§§§ Thomas Severin, MD,§§§ John R. Teerlink, MD,|

for the RELAX-AHF Investigators
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(@ ]J ACC Journals

From: Effect of Serelaxin on Cardiac, Renal, and Hepatic Biomarkers in the Relaxin in Acute Heart Failure

(RELAX-AHF) Development Program: Correlation With Outcomes

J Am Coll Cardiol. 2013:61(2):196-206. doi:10.1016/j.jacc.2012.11.005
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Renal Hemodynamic Effects of Serelaxin

In Patients with Chronic Heart Fallure

7OOJ
E
3y
o
if
1
it
#3
i
|
" 0024 ¢ 8 R
{8 Hours post-dose

Less use of IV diuretics
serelaxin group

o
S

*p=0.006

N
=

2

=

24%
difference

IV diuretics use (cumulative
total dose from day 1-5 [mg])
S

o

Placebo Serelaxin




Effects of serelaxin on the outcome of patients
with or without substantial peripheral

edema: A subgroup analysis from the RELAX-
AHF trial

Am Heart J. 2017 Aug;190:113-122. doi:
10.1016/j.ahj.2017.05.012. Epub 2017 May 27

Overall, patients with AHF and moderate/severe peripheral
edema have a worse prognosis but appear to receive similar

relative benefit and perhaps greater absolute benefit from
serelaxin administration



UAI Estimulacion y activacion de la
- Guamilato ciclasa soluble
En el citoplasma
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Ulatitide



& Urodilatin



Physiology of Urodilatin (INN: Ularitide)

Renal corpusce Distal ~bule
Bowman's copsule  Glomerulus  Afferent

arteriole

Descendi
o 8

Natrniuresis
Diuresis




@ European Heart Journal (2015) 36, 715-723 REVIEW

sonorean  doi10,1093/eurheartj/ehu484
SOCIEIY OF
CARDIOLOGY

Clinical update

Ularitide for the treatment of acute
decompensated heart failure: from preclinical
to clinical studies

Stefan D. Anker', Piotr Ponikowski?, Veselin Mitrovic?, W. Frank Peacock?,
and Gerasimos Filippatos®

"Department of Innovative Clinical Trials, University Medical Centre Géttingen, Gottingen, Germany; *Medical University, Wroclaw, Poland; *Oepartment of Cardiology,
Kerckhoff-Klinik, Bad Nauheim, Germany; *Emergency Medicine, Baylor College of Medicine, Mouston, TX, USA; and *Athens University Hospital Attikon, Athens, Greece
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Ularitide improves the Cardiac Index

N
-

30 ng/kg/min

)
~

7.5 ng/kg/min

Placebo

C1 (min/m?)
s

4012 4 6 8 24 26
Time (Hours)

Ularitide Decreases Myocardial Consumption (Change from BL)

o

15 ngn@nj// //

\_=""30 nglkg/min

% changes
& u & & b b L L
/



Effect of Ularitide on
Cardiovascular
Mortality in Acute
Heart Fallure

N Engl J Med 2017; 376:1956-196 2017



Probability of Freedom from

Cardiovascular Death

No. at Risk
Ularitide
Placebo

Ularitide

.. . [
Sin diferencias en Placebo
terminos de
mortalidad
Hazard ratio, 1.03 (96% Cl, 0.85-1.25)

P=0.75

| | | | | I I

| T I | I
3 6 9 12 15 18 21 24 27 30 33 36

Months since Randomization

1088 988 942 789 669 546 456 356 234 106 26 2 O
1069 987 934 786 668 547 444 338 219 104 19 5 O




TUBULO CONTORNEADO
PROXIMAL
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TUBO
CONTORNEADO
PROXIMAL



INHIBIDORES DE LA REABSORCION DE SODIO

DIURETICOS OSMOTICQOS
- Manitol

DIURETISO INHIBIDORES DE LAANIDRASA CARBONICA

-Acetazolamida
DIURETICOS DEL ASA
- Furosemida
-Bumetanida
-Torasemida
TIAZIDICOS:

- Bendroflumetiacida

- Hidroclorotiazida

- Clortalidona

- Indapamida
AHORRADORES DE POTASIO
- Espironolactona

- Amilorida

- Triamtereno

rafael.porcile@vaneduc.edu.ar



INHIBIDORES DE LA REABSORCION DE SODIO

DIURETICOS OSMOTICOS

- Manitol
DIURETISO INHIBIDORES DE LA ANIDRASA CARBONICA

-Acetazolamida

DIURETICOS DEL ASA

- Furosemida

-Bumetanida

-Torasemida

TIAZIDICOS:

- Bendroflumetiacida

- Hidroclorotiazida

- Clortalidona
Indapamida

AHORRADORES DE POTASIO

- Espironolactona

- Amilorida

- Triamtereno

rafael.porcile@vaneduc.edu.ar



Tubulo contorneado proximal

e Diuréticos osmoticos

 Diureticos blogueantes
de la anhidras
carbonica




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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PROXIMAL CONVOLUTED TUBULE

Reabsorption (into blood) of filtered:

Water 65% (osmosis)

Na-“ 659% (sodium-potassium
pumps,
symporters, antiporters)
K~ 65% (diffusion)
Glucose 100% (symporters and

facilitated diffusion)

100% (symporters and
facilitated diffusion)

ClI 50% (diffusion)

Amino acids

HCO, 80—-90% (facilitated
diffusion)

Urea 509% (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 mMOsmJ/liter).

MVWWEET U WaleT s T VLW '/ vTaveawvs praen

Lumen of proximal tubule
Apical
membrane

2) Na* CiI— Na* Glucose Na* Vitamins
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LRY
\l-‘_
3
3 CI- 3Na* Glucose Vitamins
H20
b 4 b8 ~ membrane
r_ . 2K*
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PROXIMAL CONVOLUTED TUBULE
Reabsorption (into blood) of filtered:

K~ 659 (diffusion)

Glucose 1009 (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:

H™ 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 MmOsmviiter).

LOOP OF HENLE

 em TP QNPT S N VTR ¢ MNEOTOCRES Y Wy PP S UAERY o-

1
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UNA formas de movilizar sodio
de la celula tubular al capilar

Bomba sodio potasio



Extracellular fluid
Potassiumions (K*) 0 .

Sodium ions |
(Na*) ATP .

¢ Cytoplasm

The Sodium-Potassium Exchange Pump



Extracellular Cytosol

Na*



Model of water and solute reabsorption
Lumen of proximal tubule

Na* Glucose

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



Fuerza de la osmolaridad

_as fuerzas osmoticas

_os diuréticos
0SMOtICOS
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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.

rafael.porcile@vaneduc.edu.ar
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La carga tubular condicion
diuresis osmotica

oepnTng
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oafntTng
Diabeteses que significa correr a traveés.
Compuesto de

ora (dia-): a traves; y

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

Hace referencia al paso rapido del agua,
debido a la sed y orina frecuentes

rafael.porcile@vaneduc.edu.ar
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Farmacos que
Interfiere la reabsorcion
de glucosa




TG

o] e
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Empagliflozina

Actla como inhibidor del co-transportador sodio-
glucosa tipo 2 (SGLT?2), evitando la reabsorcion

de glucosa a traves del tibulo renal y asi favoreciendo
su eliminacion a través de la orina, produciendo por

tanto disminucion de los niveles de glucosa en sangre
Medscape

Glucose
> 3 SGLT-2

S1/S2 segments oﬁ~ i o
proximal tubule & - | :
i < 7. SGLT-1 ~____ Collecting
Reabsorption 9(/ Colle
S=2 segment of '

proximal tubule

106

No giucose

Source: Access Medicine © 201713 McocGraw Hill Companies



Effects of Sodium-Glucose Cotransporter 2 Inhibitors
for the Treatment of PatientsWith Heart Failure
Proposal of a Novel Mechanism of Action

JAMA Cardiol.
doi:10.1001/jamacardio.2017.2275

Can bang glucose Nnoi maoi

Ong lumen ] Ka

e

Kénh
K* Na*“K™*

ATPase

. MNa* MNa*
Van chuyéen
chu dong
Glucose Glucose
thu dong

Khuéch tan




Effects of Sodium-Glucose Cotransporter 2 Inhibitors
for the Treatment of PatientsWith Heart Failure
Proposal of a Novel Mechanism of Action

JAMA Cardiol. doi:10.1001/jamacardio.2017.2275
Published online August 2, 2017.

La reduccidon de la congestion en
pacientes con insuficiencia
cardiaca mediante el bloqueo de
receptores SGLT2 se presenta
COMo una estrategia diuretica
efectiva



INHIBIDORES DE LA REABSORCION DE SODIO

DIURETICOS OSMOTICOS
- Manitol

DIURETISO INHIBIDORES DE LAANIDRASA CARBONICA

-Acetazolamida
DIURETICOS DEL ASA
- Furosemida
-Bumetanida
-Torasemida
TIAZIDICOS:

- Bendroflumetiacida

- Hidroclorotiazida

- Clortalidona

- Indapamida
AHORRADORES DE POTASIO
- Espironolactona

- Amilorida

- Triamtereno
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INHIBIDORES DE LA REABSORCION DE SODIO

DIURETICOS OSMOTICOS

- Manitol

DIURETISO INHIBIDORES DE LA ANIDRASA CARBONICA
-Acetazolamida

DIURETICOS DEL ASA

- Furosemida

-Bumetanida

-Torasemida

TIAZIDICOS:

- Bendroflumetiacida

- Hidroclorotiazida

- Clortalidona

- Indapamida
AHORRADORES DE POTASIO
- Espironolactona

- Amilorida

- Trlamtereno rafael.porcile@vaneduc.edu.ar



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
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Heart failure

' acute mountain turia & acidosis
iC states sickness pokalemia
Refractory edemas  Glaucoma Metabolic
- : ”‘ alkalosis yperchloremia
Hyeruricemia Acute renal Failure U
ses Paraesthesias
Ototoxicity acute pulmonary edema Side efects
i ' i Renal stones
ypomagnesemia n overdose AN . "
% Uses CA inhibitors hypersensitivity
Hypocalcemia Hypertension acetazolamide ‘
Hypokalemia & alkaloss Side J LOOP, & dorzolamide JI0P in glaucoma
Effects  ethacrynic 2 Uses Jintracerebral pressure
sz B (asarice Oliguric states
IYpSSaERIVEY osmotic
o Side effects:acute hypovolemia
Hyertension,CHF - Uses Thiazides
rochlorothiazide g = >
Nephrolithiasis m& Indaamidez K sparing === Amiloride &Triamterene
goshrogenlc .} Side efects | Uses
Sufonamide hypersenstty  oironolactone TIOKE 1O
kalemia & alkalosi Wakting Suretics:
Hyo a Uses -Lithium-induced
Hypercalcemia -Hyperaldosteronic state nephrogenic diabetes
-Adjunct to K wasting diuretics| insipidus
H ricemi
YRR -Congestive heart failure Side effects
Hyperglycemia Side effects -Hyperkalemia
Hyperlipidemia -Hyperkalemia & acidosis & acidosis

-Antiandrogen



JI0P in glaucoma
Uses E luntraoerebral pressure

Oliguric states
osmotlc

Side effects:acute hypovolemia
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Sustancia
farmacolégicamente inerte,
sin embargo es una particula
no electrolitica
osmoticamente 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



- Reduccion dt ‘
Intracraneal o intraoCoNe
- Disminucion de
nefrotoxicidad de cisplatino
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CONTRAINDICACIONES Y PRECAUCIONES
Manitol esta contraindicado en los siguientes casos:
- Pacientes con anuria bien establecida debida a enfermedad
renal
- Congestion pulmonar severa, franco edema pulmonar o
Insuficiencia
cardiaca congestiva severa.
- Deshidratacion grave.
- Edema no debido a enfermedad renal, cardiaca o hepatica
que este
asociado con fragilidad capilar anormal o permeabilidad de
membrana.
- Hemorragia intracraneal activa, excepto durante
craneotomia.

rafael.porcile@vaneduc.edu.ar



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 mOsmV/liter).

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
homeostasis (H® pumps)




PROXIMAL CONVOLUTED TuUuBULE
Reabsorption (into blood) of filtered:

Water 659% (osmosis)
Na~ 659% (sodium-potassium
pumps,
symporters, antiporters)
K- 65% (diffusion)
Glucose 1009 (symporters and

facilitated diffusion)

Amino acids 1009 (symporters and
facilitated diffusion)

Cli 50% (diffusion)

HCO, 80—-90% (facilitated
diffusion)

Urea 509% (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 MmOsmyJ/liter).




PROXIMAL CONVOLUTED TuUBULE
Reabsorption (into blood) of filtered:

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

facilitated diffusion)

Amino acids 1009 (symporters and
facilitated diffusion)

80—-90% (facilitated
diffusion)

Jrea D% (chh S1onN

Ca**, Mmg=" variable (diffusion)

Secretion (into urine) of: l) g

H variable (antiporters) = %=

NH,"* variable, increases in /’/Q\\i’\ (
acidosis (antiporters) TN

Urea variable (diffusion) 1

Creatinine small amount

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

LOOP OF HENLE |
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INHIBIDORES DE LA REABSORCION DE SODIO

DIURETICOS OSMOTICOS
- Manitol

DIURETISO INHIBIDORES DE LAANIDRASA CARBONICA

-Acetazolamida
DIURETICOS DEL ASA
- Furosemida
-Bumetanida
-Torasemida
TIAZIDICOS:

- Bendroflumetiacida

- Hidroclorotiazida

- Clortalidona

- Indapamida
AHORRADORES DE POTASIO
- Espironolactona

- Amilorida

- Triamtereno

rafael.porcile@vaneduc.edu.ar



Tiazidas
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Heart failure

' acute mountain turia & acidosis
iC states sickness pokalemia
Refractory edemas  Glaucoma Metabolic '
, r‘ alkalosis yperchloremia
Hyeruricemia Acute renal Failure
Uses Side efects Paraesthesias
Ototoxicity acute pulmonary edema
i Renal stones
H nesemia n overdose AN . "
Froe Uses CA inhibitors hypersensitivity
Hypocalcemia Hypertension acetazolamide 110 i glaucoma
Hypokalemia & alkalosi Side J LOOP, & dorzolamide |
Effects  ethacrynic 2 Uses Jintracerebral pressure
bt & Anosemice Oliguric states
hypeseeavy osmotic
o Side effects:acute hypovolemia
Hyertension,CHF - Uses Thiazides
X hydrochlorothiazide B SR = .
Nephrolithiasis & Indsamide K sparing === Amiloride &Triamterene
" "L‘i‘t’hmgen‘% Side efects l Uses
iabetes insipidus . ; . -Adi
Sufonamide hypersenstvty ¢ ironolactone x;t‘,’n";tdtiz;m'
Hyokalemia & alkalosi Uses -Lithium-induced
Hypercalcemia -Hyperaldosteronic state ?e;:hi;ogenic diabetes
-Adjunct to K wasting diuretics] Insipidus
el -Congestive heart failure Side effects
Hyperglycemia Side effects : -Hyperkalemia
Hyperlipidemia -Hyperkalemia & acidosis & acidosis

-Antiandrogen rafael.porcile@vaneduc.edu.ar



acute mountain
sickness

Hypokalemia

Glauco Metabolic
ﬂ& alkalosis yperchloremia
Uses de efects Paraesthesias
v Renal stones

CA inhibitors
acetazolamide
& dorzolamide

Diuretics
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Proximal Distal convoluted
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(65—70°%5) <
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(efferent arteriole) T
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(= ; ‘w - Na™* \< Thiazides I
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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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Acetazolamida <

20 Tabletas
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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

Epithelial cell
of renal tubule

e
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Acetazolamide + diet

Placebo + diet

Mean Change in PMD (Worst Eye)
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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

rafael.porcile@vaneduc.edu.ar
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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.
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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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From: 2014 Evidence-Based Guideline for the Management of High Blood Pressure in Adults: Report From the
Panel Members Appointed to the Eighth Joint National Committee (JNC 8)
Adult aged =18 years with hypertension

v

Implement lifestyle interventions
(continue throughout management).

Y

Set blood pressure goal and initiate blood pressure lowering-medication
based on age, diabetes, and chronic kidney disease (CKD).

General population

(no diabetes or CKD) Diabetes or CKD present
A\ 4 b L\ J b4
Age =60 years Age <60 years All ages All ages
Diabetes present CKD present with
No CKD or without diabetes
L 4 v v v
Blood pressure goal Blood pressure goal Blood pressure goal Blood pressure goal
SBP <150 mm Hg SBP <140 mm Hg SBP <140 mm Hg SBP <140 mm Hg
DBP <90 mm Hg DBP <90 mm Hg DBP <90 mm Hg DBP <90 mm Hg
Nonblack Black All races
h A 4 v
Initiate thiazide-type diuretic Initiate thiazide-type diuretic Initiate ACEIl or ARB, alone
or ACEIl or ARB or CCB, alone or CCB, alone or in combination with other
or in combination.? or in combination. drug class.?

h J v

Select a drug treatment titration strategy

A. Maximize first medication before adding second or

B. Add second medication before reaching maximum dose of first medication or
C. Start with 2 medication classes separately or as fixed-dose combination.

-w



S0 mm Rg S <140 mm Hg SEP <140 mm Hg SBP <140 mm Rg
)O mm Hg DBP <90 mm Hg DBP <90 mm Hg DBP <90 mm Hg
Nonblack Black All races

v w v
tiate thiazide-type diuretic Initiate thiazide-type diuretic Initiate ACEI or ARB, alone
ACEI or ARB or CCB, alone or CCB, alone or in combination with other
in combination.? or in combination. drug class.?

4 h 4 A4

Select a drug treatment titration strategy

A. Maximize first medication before adding second or

B. Add second medication before reaching maximum dose of first medication or
C. Start with 2 medication classes separately or as fixed-dose combination.

v
Yes

At goal blood pressure? >
No

v
Reinforce medication and lifestyle adherence.

For strategies A and B, add and titrate thiazide-type diuretic or ACEl or ARB or CCB (use
medication class not previously selected and avoid combined use of ACEl and ARB).

For strategy C, titrate doses of initial medications to maximum.

v
Y
At goal blood pressure? €s >

No
v
Reinforce medication and lifestyle adherence.

Add and titrate thiazide-type diuretic or ACEIl or ARB or CCB (use medication class
not previously selected and avoid combined use of ACEI and ARB).

v
Yes

At goal blood pressure? - >
No

v
Reinforce medication and lifestyle adherence.

Add additional medication class (eg, B-blocker, aldosterone antagonist, or others)
and/or refer to physician with expertise in hypertension management.

No v Yes

At goal blood pressure? > -

Continue current
treatment and
monitoring.P
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