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Descripcion matematica de los
movimientos tubulares

/, Diferencia de presion entre los puntos de movimiento

F = APIR

/ N

Flujo de liquido

AP=FxR

MAP = CO x SVR

l Gasto cardiaco
Presion arterial media
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Resistencia periférica

Resistencia vascular sistémica
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CO = Heart Rate « Stroke Volume
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Mean Arterial Pressure (MAP)
MAP = CO « SVR
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M Systemic Vascular Resistance (SVR)



Resistencia vascular sistémica (SVR)

Resistencia periférica total
(sin considerar la circulacion pulmonar)
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Mayor viscosidad, mayor SVR
Mayor largo, mayor SVR

Menor diametro de los vasos, mayor SVR
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Presion arterial media (MAP)
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La presion es el factor dependiente (es el
resultado de la modificacion del flujo y/o la
resistencia)
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Mean Arterial Pressure (mmHg)

o

MAP = DBP + [1/3 x (SBP - DBP)]

Cardiac Output (L/min)




GENETIC INFLUENCES

-+ ENVIRONMENTAL FACTORS

Defects in
renal sodium
hemostasis

Inadequate sodium
excretion

y

Salt and water
retention

Functional
vasoconstriction

t Natriuretic

hormone

Y

Defects in vascular
smooth muscle
growth and structure

M

» t Vascular wall

» +\Vascular

%+ Plasma and ECF
volume

'

t Cardiac output
(autoregulation)

thickness

reactivity —=s

I-| HYPERTENSION \-l

t Total peripheral
resistance

CcO

= HR

X

SV

BP
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Valores de referencia de presion
sanguinea (Criterio AHA)

SYSTOLIC mm Hg

BLOOD PRESSURE CATEGORY
(upper number)

DIASTOLIC mm Hg
(lower number)

NORMAL LESS THAN 120
ELEVATED 120 - 129
HIGH BLOOD PRESSURE 130 - 139

(HYPERTENSION) STAGE 1

HIGH BLOOD PRESSURE

(HYPERTENSION) STAGE 2 180 OB HIGHER

HYPERTENSIVE CRISIS

(consult your doctor immediately) EESRIER NUAN EY

and LESS THAN 80
and LESS THAN 80
or 80 -89

90 OR HIGHER

and/or HIGHER THAN 120

pressure (mmHg)

Diastole
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Presion aorta

Presién ventricular

Systole



Criterio ISH

Category Systolic (mm Hg) Diastolic (mm Hg)
Normal BP <130 and <85
High-normal BP 130139 and/or 85-89
Grade 1 hypertension 140159 and/or 90-99
Grade 2 hypertension =160 and/or =100
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+ Quiet room, comfortable temperature

+ No smoking, coffee, exercise for 30min

+ Empty bladder

* Relax for 3—5 min

« Take 3 measurements at 1 min intervals

+ Use the average of the last 2 measurements

Back
supported No talking during

and between measurements

Cuff to fit arm size
(small, usual, large)’

Arm bare and resting.
Mid-arm at heart level

Validated
electronic
upper-arm cuff2
or manual
auscultatory

1 For manual auscultatory
devices the inflatable bladder
of the cuff must cover
75—100 % of the individual's
arm circumference.

For electronic devices use
cuffs according to device
instructions.

2 See validated electronic
devices lists at
www.stridebp.org
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What's the big deal about raised blood pressure?

It's the NOI1 10 Million Only 1/2 of

contributing risk people with high blood

for global death people die each year pressure are aware of it
needlessly

VISION LOSS i g 1 BRAIN STROKE
Hypertensive Retinopathy ; - - - - - --- - - Reduced blood supply to the
can damage blood vessels in the Ry brain lead to rapid loss of brain
retina, resulting in loss of vision. " function or stroke.

HEART ATTACK
BLOOD VESSEL DAMAGE Hypertension causes the heart
Atherosclerosis to pump against high blood

pressure, making it work harder
than necessary. Over time, this
causes the heart muscle to
thicken, restricting blood flow
which can lead to heart failure.

Hypertension is a leading
cause of atherosclerosis, the
artery-narrowing process that can
result in heart attack and stroke.

f—____—-h\
= ~

KIDNEY FAILURE RN

Damaged blood vessels in
the kidneys can't affectively
filter your blood, resuiting in a
dangerous accumulation of
fluid and waste. P
~ -

|
! ~ — -
e o mm w— -

BONE LOSS

High blood pressure may
increase the amount of calcium
in your urine. That excessive
elimination of calcium may lead to
loss of bone density (osteoporosis).
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Hipertension primaria o esencial (90%). No hay
una causa especifica, puede ser una combinacion
genética, ambiental y estilo de vida.

Hipertension _secundaria _ (10%). Condicion
subyacente que implica retencion de sodio y/o
vasocontraccion periférica.

Amount
of blood
in vessel

Mormal _. . H_i?h

Mormal

Taa much High
1 MNormal
Mormal

Marmal ' !"_iQh
Mormal
’ Marrow
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Blaod
pressure

Diameter of
blood vessel

Factores de riesgo
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Aumento de presidn por incremento
de osmolaridad sanguinea

Osmoreceptors
in hypothalamus

Hypothalamus

l

g Thirst

%

Drinking reduces
blood osmolarity
to set point

Distal
tubule

e

/ Increased
Pituttary permeability
gland
STIMULUS:
The release of ADH is
triggered when osmo-

receptor cells in the

hypothalamus detect an
increase in the osmolarity

of the blood

Collecting duct

Sal (NaCl) de la dieta
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Homeostasis:
Blood osmolarity

--------- > Hormona antidiurética

(ADH, vasopresina)

A .
{(— Vasopressin

H,0 [ H,0

Aumento de la precarga



Efecto de la sal sobre el sistema
simpatico

{ High salt-ingested condition }
" [Na*]4 in blood and CSF

jf% t , SNt
_ i
2 Ependymal the sympathetic

Activation of
= / cell nervous system

Nt-?:lj ron ¢

, 3rd _
PVN 'Ntricla BP elevation

Propiedad UV 2020_compartido excepcionalmente con UChile 2020



Inervacion simpatica y vasocontraccion

Sympathetic
nerve fiber

Artery

RARRAAS

high rate of firing

% Vasoconstriction

Sympathetic
nerve fiber

low rate of firing
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Inervacion simpatica y vasocontraccion

Baja estimulacion simpatica Alta estimulacion simpatica
(poca adrenalina) (mucha adrenalina)
®
° L]
L ]
] . . o®
L o,
L/ v U e
Beta
adrenergic adrenergic
receptor receptor
Constriction Constriction | Relaxation of 1 Constriction | Conctriction . lConstncnon | Relaxation of |Con5tr|ct|on :
ki oo Mitiahasatl B L_ofblood 1 [ofblood ___! bloodvessels | ofblood !
Gs —> AMPc Gq —> IP3/DAG ——> Cat2
Relajacion de la musculatura lisa Contraccién de la musculatura lisa
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4 Aumenta frecuencia cardiaca

,' Extracellular

fluid Funny T-type
Norepinephrine  Adenylate channel calcium

\ or epinephrine cyclase channel

Q’D......C.l'( ...Gl.‘...l IO

a

0

A (XA
0—ca?
Vagus nerve / Cytosol Depolarization
(parasympathetic)
decreases heart rate.
1 ., .

/) 7 Aumenta contraccion cardiaca
SympatHetic cardiac nerves P S T TR T .
increase heart rate and 7 Sl L-type
force of contraction. e \ 7—Norepinephrine Adenylate calcium

Sarcoplasmic
reticulum (SR)

Ca?*
~ channel

Myosin st
Crossbridge cycle




Aparato yuxtaglomerular

Efferent arteriole

_ Juxtaglomerular cells
. — ) Endothelium

54
Detecta niveles bajos de  Células yuxtaglomerulares .,
, : LT = e > Produce contraccion
NacCl en tubulo liberan renina
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Sistema renina-angiotensina-
aldosterona (RAA)

Macula densa
senses low fluid
flow or low Na*
concentration

Juxtaglomerular Angiotensin-converting
cells secrete renin  enzyme (ACE) in
pulmonary blood

Widespread vasoconstriction

Kidney releases enzyme
renin into blood

LR

Adrenal cortex
to secrete

Enzyme
reaction

Enzyme

- Aldosterone
reaction

Angiotensin | Angiotensin Il Stimulates

Liver releases
angiotensinogen
into blood

~(o)

Aldosterone stimulates Na*
uptake on the apical cell
membrane in the distal
convoluted tubule and
collecting ducts
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Las distintas formas de angiotensina

ACE2

Ang | » Ang (1-9)
ACE
inhibitor lACE lACEINEP
TACE2
&7 TAng Il > TAng (1-7)
AT,R
antagonist
\, AT,R TATZR MasR
ACE/Ang Il/AT R axis: ACE2/MasR/AT,R axis:
Pathogenesis of CVD

Counter-regulates AT,R

=\/asoconstriction *Vasorelaxation

= Proliferation/growth *Anti-proliferative

= Oxidative stress *Anti-oxidative stress
= Pro-fibrotic *Anti-fibrotic
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Efecto de la angiotensina-Il sobre |la
musculatura vascular

Adventitia

Endothelial
cells

Vascular smooth Elastic
MLC

‘ CAM muscle cells lamina
Inactive Active Ve
MLCP MLCK
P-MLC
A Vasoconstriction
A Blood pressure
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Sistema renina-angiotensina-
aldosterona (RAA)

Angiotensinogen Lumen Interstitium
Renin———» Principal cell
Angiotensin | Na —‘E—:’ 2K
Converting
enzyme =
’ . 4—8— ------ Aldosterone

Angiotensin |l ' o o
Stimulation . ‘_ Vasopressin
aldosterone secrection — Oj

Constriction H0 © H0
Aldosterone of vascular

smooth muscle

Increased water
and sodium
retention

L8
I Increased
| n;,’ggggd I ‘ Afterload l
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SNA simpatico activa
sistema RAA

Exceso de sal en dieta

/ Podocytes

Mesangial cells

Sympathetic
nerve fiber

Juxtaglomerular

Efferent arteriole cells

Afferent arteriole

Smooth muscle
cells

| SNA simpatico
Renal Afferent

Nerves

Macula densa

Distal tubule

= 1 Renin Release > RAAS activation —» Vasocontracciony
) aumento de presion
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Hipertension secundaria

C

Cushing’s
Syndrome

Hyperaldosteronism
(aka Conn's
syndrome)

Aorta
coarctation

Stenosis of renal
arteries

Phaeochromocytoma
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Hipertension secundaria

Adrenal
Cortex
Sindrome de Conn
} Aldosterone Arterial (Hiperaldosteronismo primario)
l Pressure
Renal T
Na* & HyO Blood Cardiac

Retention —> TVolume —> | Output
(AK+ & H*excretion)

o BT 7

Feocromocitoma
(Paraganglioma adrenal)

Clusters de cromocitos en la médula
adrenal con células de sostén
(Alveolar/Zellballen)
cie 2Rresencia de granulos (catecolaminas)




Sintomas:

Dolor de cabeza

Edema

Dolor en pecho

Crisis hipertensiva

( C * J X C * ) X C * J ) ( | == ’ -
ATII NO ADH “TxAs ) Platelet aggregation
: DIC
TxA;

1 Fibrinogen

CAMs

(=X =D

RBC
Platelet

(=

Fibrinoid necrosis
Perivascular edema

Normotension
or
chronic hypertension

it

End-organ ischemia

Hypertensive
urgency

Hypertensive
emergency

>180/120 mmHg

-Aumento de resistencia vascular
y presion (BP),

sistémica (SVR)

-Pérdida de regul

gque lleva a dafio endotelial
isqguemia en tejido de irrigacion

acion



Tejidos blanco de dafo por
hipertension

‘@ €= HBP =———p

Hemorrhage, / I

stroke, dementia

@) =<

Peripheral

vascular :
Retinopathy disease Renal failure
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Progresion Hipertension — Enfermedad
renal cronica



PROGRESSION OF CHRONIC KIDNEY DISEASE (CKD)

INCREASED KIDNEY
NORES RISK DAMAGE
Test Complications Detected

Hemoglobin levels Anemia

Red blood cell indexes, reticulocyte For ruling out other causes of anemia *Nausea

count, iron studies, fecal occult blood | before erythropoietin therapy is started ~ *Vomiting

test *Loss of appetite and weight loss

Serum electrolyte levels Hyperkalemia, hyponatremia, acidosis 'IFatlgue*and VRS

*Insomnia

Calcium, phosphorus, and parathyroid | Hypocalcemia, hyperphoslf)h.atemia, *Changes in urine output

hormone levels secondary hyperparathyroidism (polyuria = oliguria)

Serum albumin and total protein levels | Hypoalbuminemia, decreased levels *Decreased mental sharpness
of immunoglobulins in patients with *Muscle twitches and cramps
nephritic levels of proteinuria or signs of
malnutrition
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Proteinuria

1 nephron number

v

Adaptive hyperfiltration at glomerulus

v

v

T glomerular
permeability

T RAAS

—» T SNGFR

'

¢

!

Dyslipidemia

T filtration of
proteins and
macromolecules

'

v

EARLY IN COURSE

Hypertension

Nephrotoxic inflammation/remodelling

v

-y
2

o

Tubulointerstitial fibrosis and'gc' FSGS ,‘

D L

v v Li
L GFR 4 Urine Syst.em!c
output complications
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LATE IN COURSE

» Glomeruloesclerosis
segmental focal



Funcion renal en Enfermedad Renal
Cronica

* CREATININE CLEARANCE=
Urine creatinine in mg/dl x Total volume of urine

Serum creatinine in mg/dl x 1440
REF.RANGE: Male:125ml/mt
Female:115ml/mt

500 mL/min plasma

f

£ ¥
A
( f am—

[ V. O
Efferent — \‘ /C / f
arteriole | |

-\ 1V

125 mLImin flGaE8

y
/ /
. Plasma flow rate = 625 mL/min
Afferent —— "-, Glomerular filtration rate = 125 mL/min
arteriole \ A Filtration fraction = GFR
| T :
v\ * 125 mUmin _ o 50 = 20%
625 mL/min
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Etapas de la Enfermedad Renal Cronica

GFR
Stage Description (mL/min/1.73 m?)
1 Kidney damage >90
with normal or T GFR
2 Kidney damage 60-89
with mild 4 GFR

3 Moderate . GFR 30-59

4 Severe | GFR 15-29

5 Kidney failure <15 (or dialysis)

Chronic kidney disease is defined as either kidney
damage or GFR <60 mL/min/1.73 m? for >3 months.
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Hipertension — Tratamientos
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Tratamiento

"u

ENALAPRIL W M i

00®
5mg .’:::oooo

co00®°®
20 Comprimidos B) ploequivalent®
R
—

Inhibidor de ECA
(enzima convertidora de angiotensina)

Amlodipino

10mg LCh®

L B

30 COMPRIMIDOS Recubiertos

Blogueador de canales de calcio vasculares
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Kidney

Angiotensinogen

Angiotensin |

Angiotensin || ——

Vascular smooth muscle

Contraccion
vascular

2
Ca * Caz+
CaZ+

l}— ccl
CaZ+

ADP

DILATATION




Distal
convoluted
tubule

Interstitium-
blood

Tratamiento Loy

Na*

Hidroclorotiazida
50mg LCh

K+

e BORMIOROCHILE,

@ Bioequivalente fu

—

Diuréetico (bloqgueador de transportadores
sodio-cloruro NCC) - Na*

H"'

Angiotensin Il

Losartan

Potasico 50 mg LCh

CaZ*influx

AT, receptor (L-type)

Ca%t channels
N

Losartan 30 COMPRIMIDOS Recubiertos LABORATOHOCH".E

@ Bioequivalente ‘\!)

e

Propiedad UV 2020 "compartido ex e'lon me. Llr._uue:)ozo Intracellular Caz"

Antagonista de receptor de angiotensina-I|
(receptor AT1)



Cambios en estilo de vida

Salt reduction There is strong evidence for a relationship between high salt intake and increased blood pressure.* Reduce salt added when preparing
foods, and at the table. Avoid or limit consumption of high salt foods such as soy sauce, fast foods and processed food including
breads and cereals high in salf.

Healthy diet Eating a diet that is rich in whole grains, fruits, vegetables, polyunsaturated fats and dairy products and reducing food high in sugar,
saturated fat and trans fats, such as the DASH diet (http://www.dashforhealth.com).* Increase intake of vegetables high in nitrates known
fo reduce BP, such as leafy vegetables and beetroot. Other beneficial foods and nutrients include those high in magnesium, calcium and
potassium such as avocados, nuts, seeds, legumes and tofu.*

Healthy drinks Moderate consumption of coffee, green and black tea.*® Other beverages that can be beneficial include karkadé (hibiscus) tea,
pomegranate juice, beetroot juice and cocoa.®

Moderation of alcohol Positive linear association exists between alcohol consumption, blood pressure, the prevalence of hypertension, and CVD risk.s" The

consumption recommended daily limit for alcohol consumptions is 2 standard drinks for men and 1.5 for women (10 ¢ alcohol/standard drink). Avoid
binge drinking.

Weight reduction Body weight control is indicated to avoid obesity. Particularly abdominal obesity should be managed. Ethnic-specific cut-offs for BMI and waist
circumference should be used.® Alternatively, a waist-to-height ratio <0.5 is recommended for all populations.==*

Smoking cessation Smoking is a major risk factor for CVD, COPD and cancer. Smoking cessation and referral to smoking cessation programs are advised.=

Regular physical activity Studies suggest that regular aerobic and resistance exercise may be beneficial for both the prevention and treatment of

hypertension.®™"* Moderate intensity aerobic exercise (walking, jogging, cycling, yoga, or swimming) for 30 minutes on 5-7 days

per week or HIIT (high intensity interval training) which involves afternating short bursts of intense activity with subsequent recovery
periods of lighter activity. Strength training also can help reduce blood pressure. Performance of resistance/strength exercises on 2-3
days per week.
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Preguntas que deberian poder
responderse tras haber estudiado esta
clase

« ¢Como el consumo de sal induce hipertension? ¢ Que
parametros de las ecuaciones de flujo altera y como?
(BP =?)

« ¢ Como la hipertension produce falla renal?

« ¢En gqué se basan los tratamientos farmacologicos de la
hipertension?
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