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What do Blood Pressure Numbers Mean?

Top number (Systolic) while the bottom number (Diastolic).
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Normal Blood Pressure: Blood Pressure of < 140/ 9§U’ - D}a 5}o)~ ( Relaration) % patdic

Blood Pressure of 130 to 139/ 85 to 89 should be closely watched.

bipei oy sion High Blood Pressure: Blood Pressure > 140/ 90. Usually NO SYMPTOMS! “The
Cancer ; Silent Killer”. May have headache, blurry vision, chest pain, and frequent
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:stages 3

Hypertension o Stage1=Mild HTN
¢ 140-159 systolic
¢ 99-90 oi diastolic Hypertension pdf
¢ Stage 2 = Moderate HTN
Hypertension is a chronic disease and is usually asymptomatic in . 160-179 systolic
the early stages. Symptoms may appear later in advanced stages, .. X
soitis called the silent killer. * 109-100 gl diastolic Hypertension .pdf
¢ Stage 3 = Severe HTN
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¢ 2180 systolic
e 110= oi diastolic  Hypertension paf
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®- sympatheticblockers

@. 9l adrenergic antagonists
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:Jass 3ole sympathetic nervous system JI o35 i)

. \msoconslnclmn of arterioles - Jj» TPR
f veins > i
* Wj; heart rate g contractility
.jis pualg iblood pressure g9 JWbg

sympathetic antagonists aubsy HTN JI d90b @y
adrenergic antagonists 9
@ peripheral vasodilation @wic Jass Cuy

angina Jes g3l complications JI (» 0a>9 553 chest pain Joss g
workload on the heart ogj bauall glas)l gidg
stage 2 Jl gstage 1 JL pwv Z1) Lo w22 0]l silent killer sol g9
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Hypertension becomes more common with

aging because blood vessels
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heart and arteries may not function
appropriately

loss of vascular - Wilsio 95 gilid] il o
. increased vascular stiffnessy elasticity
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Temporarily or sustained l\g

In slides intermittent or sustained elevation of blood pressure
Temporarily [ intermittent : jal!
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sustained elevation of diastolic or

Rub g2y @ bl Glay baall
Sustained
&&_/_%‘ ilyabs 65l Wiy by bl yatue ey o )
rnorma L CJF mum Hypertension is an intermittent or

Sprognosis s s systolic blood pressure.
5 Hypertension pef

e s » — * sustained elevation = jaiue ¢la3)l
LS 1igd ipmub 822y asys & sl el aliud gi)ls stress J yoai pasub X o L
temporary | transient elevation of blood pressure o gyl JJ ibyle bamlg del)d Lio G
hypertension diagnosed &3 xaJl; puls Cid3o gLl 1gss 205ie of ol
good prognosis Wasyg bad prognosis gsswi Jsi :03]

"ibfsa _).E. b 3o
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80 ’A:“s ’4’:’&“ m tsw @331l = Bad prognosis 9 s> @3sill = Good prognosis Lic (% sdwall

Hypertension is an intermittent or (sustained elevation of diastolic or systolic
blood pressure. Generally, a sustained systolic blood pressure of 139 mm Hg or
higher or a diastolic blood pressure of 89 mm Hg or higher indicates

hypertension.

Increased blood pressure is the most common health problem in adults and the leading
risk factor in CVD.
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Males more than females
until menopause
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Hypertension .pdf .(menopause) u.unh“.”

s b

db)e ;ST )l > menopause 3 o
Mol » menopause vy ©
cludd] oice
3 ZPE] I L)
acliw (pa>9yuwyl :menopause Jud o
JST HTN eldJ il ducodll lo> e
PMC+1 eludd] e
Oligorgll J45 :menopause o o
GSgas B olojid gl
il jblog hypertension

Oral contraceptive drugs wluwi o secondary hypertension
Shsuall 8855 Josdl gio Wga> i
estrogen (ke (S9iou Lgi¥ :iswmi Wl ol
wJl A angiotensinogen gaiuai 1 o
RAAS (Renin-Angiotensin-Aldosterone System) Jusai 1 o
-EH]|
e 4 Angiotensin Il - vasoconstriction
e 4 Aldosterone = y~li=>I Na + water
e 1 blood volume
blood pressure 1 :4gJL



Drug type used in HTN Effect on BP

Alpha-blockers Increases BP by
increasing TPR

Beta-blockers......... Increases BP

Halins
] Gl Jans il

sedopaill

heart rate < 60 beats/min usSs L) +

Sown il
:dy98lg HTN I Gl

When stimulated

Vasoconstriction

T Heart rate, 1
contractility, 1 renin
release

Not the main target May decrease Vasodilation and
in HTN peripheral resistance bronchodilation
Prevention Josi

Lifestyle modification
1)Exercisedclui 4oLyl aus
1) Exercise can improve collateral circulation
Oy HJLLg s o] dueg Bl 8elas ol HIST G e aslud 08 dsly I
+doui U padl Jouog
2) Itincreases metabolism
0 P9 1diowd| JLiig weight loss Lle deluwid 55ST AW §ow pwund] s
hypertension ;b= Jolge
3) It helps lower blood pressure over time
= i WlagMudl M dacgBlg i) 32laS (muaig pigd] Jhii ¢jedl Jhiti :lgi3
893l Jolos o lack of exercise juisig regular physical activity
2) adaJ! Jukisi Nacl

£lodl an0 Lo pga0gally isodium G kel
dacodl Y510 bl g blood volume wuj water retention Jujy ;iU
blood Julii e oeluw kol Julii rdouisl] . Alg uldll e ST Jaoy adg

blood pressure waasy JULg volume

Atrial Natriuretic Peptide S paJb pgaogiall daosS Jiy Glice jrd oand] g
(ANP)
29381 003 Wju of blood volume wuj LoJ atria of the heart (o j3&u Hgo
blood Jiud water 29,3 dujy WUy Jodl P sodium gpb oo j :diiub
blood pressure ya&susg volume
RAAS + aldosterone - retain sodium and water - 1 BP
ANP - excrete sodium and water - 4 BP

Location Receptor

Alpha adrenergic receptors

Vascular smooth muscle Alpha-1

Beta adrenergic receptors

Heart, kidney Beta-1
2"”\%4 Beta adrenergic receptors
Bronchi, some Beta-2

blood vessels

Diagnose hypertension
SHTN posuini WS wb
pdl bsus 98y lad auaduin

*=140/90

s [ 35550 JSaing *
bid su=lg 82l)8 (ro Lino *
Lifestyle modification le wilo Lol gaiy bo oo
(BP level) bsuall doyd > pharmacological treatment s pj3
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- American Heart Association

WWRecommended Blood Pressure Levels

BP Systolic Diastolic Follow-up
Category (mmHg) (mmHg)
Optimal <120 and <80 Recheck
2 years
y it Lovdy
Normal <130 and < 85 Recheck 2 yearé R
N
High Normal | 130-139 or 85-89 Recheck 1 year
ﬁ ven if blood pressure is below —— - ':g;:; ’\
\f) f40[9:’t)ilndic\lli':|ualswith :Sll( red Sdoni g 03] § SEEC_SCUEEC RS DS M YT R X A e ___ _..__,_,..,._-._,,\{
factors such as family history are - ioation s o :
atincreased risk of developing e
hypertension and should start el s+
lifestyle modifications to prevent S

progression. Hypertension pdf = ,::jw
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Normal blood pressure: < 140/90

~
2 American Heart Association
Recommended Blood Pressure Levels

BP Systolic Diastolic
Follow-up
Category (mmHg) (mmHg) [ pay b e
e oo
Stage 1 140-159 e 90-99 Confirm within
(mild HTN) months |
Stage 2 Evaluate within
160-1 100-1 |
(moderate HTN) sl o lilig 1 month (/2gresed)
|
Slageh 180 or > or 110 or > ?Evaluat'e
= (severe HTN) A0 £ T immediately
“?,_ﬁ, @ i i i ' | Lab +_hauing (omphcakion +__ealh.




severe guic JI 3 yalpedl obis b W

o< 51 Diastolic Jl i 200 (o 51 systolic JI o5 13
9 (emergency) {sylobdl & J>a0 8,00 pj¥ 120
oral bujw Lo IV JSo e H9<U medications!

BP=CO x TPR
CO=HR xSV

\/

stage 1 =1 o=>lg
Within 1 month
Lifestyle modification ase gidw

confirm Within 1 month jlo WJ o
J«au 9 pharmacological treatment aso gily
Lifestyle modification

2o I 8>y 9 dbsus Qo Juow 9

aule lgadl ;5 W el oline

dc > JOl pmgbsy stage 1 pdaice Al gwlldl Joor
Hypotensive aidas de > J3I 131 Igo

BP Jl odic &> S ddlai>] g ol dilisne
normal yeay &>

oS 9 O pgais s ) dousSulwlole 1gadl 15]
Hypotensive saic Jos b normal JI Jle ABSL>
stage 1 99

Hypotensive o gil WY el (Suu s

Hypotensive o gil <llais Al Ll )l g
American Heart J! wau= optimal o JSI Ho5s
Association

oo J91 100 J systolic JI lghois 120 (o JSI O559
Hypotensive Patient jwas 100




_ QuesTion

What are the main factors affecting blood pressure from venous
return to blood pressure formation?
o0 Toug U1 b ] 9 jluwad] (e lluw o
Pl bud (35 ] eing 1 il pall €922
sl | Aty JIgud] S
J=w Ul Jelesdl 2 bog .BP w=J venous return (» Ul G2l s
Skl i B
factors affecting daols
BP ke 5385 of Jisi VI eluis ¥l gy
from venous return to blood pressure formation 4olSg
BP o>J Jududd U (sinolg venous return o9 dbii Joi (o Saliss
Sedall pall g9 0lj 18] BP 8850 wauS
BP (] venous return g Juwdwidl =il gl

75/;5!5\ 2
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The sequence starts with venous return, where increased blood return to the
heart increases ventricular filling (preload) and end-diastolic volume
(EDV). This leads to an increase in stroke volume (SV).

Stroke volume, together with heart rate (HR), determines cardiac output
(CO) according to the equation:
CO=HRx SV

Blood pressure is then determined by:
BP=CO x TPR

Therefore, any increase in venous return, preload, stroke volume, heart
rate, or cardiac output will increase blood pressure.

(apandl Biasll) 13 juodi dsuuns

Venous return + - preload (EDV) 1t - stroke volume 1 + heartrate >
cardiac output 1 - BP 1
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*Venous return = )| J pauadl (o podl g9

Gl podl dnosS 1 ST il ] sl o dszl ) padl daaS Sl Lo JSe
right ventricle JI Slaiuw ($J1 poJl dxaSg 134T g right atrium JI Loiw
.preload J1 010js HJWUg 18T oS
.preload Jl ol :venous return Jl olj lods o
«The sequence starts with venous return, because when more
blood returns to the heart, ventricular filling (preload) increases.
This leads to an increase in stroke volume (SV).

«End-diastolic volume (EDV) $\=u:
Laowwl 10 899>g0ll pull daoS systole v bo J1dg paIb Gkl Loy Lo sy
end-diastolic volume
Spislon LA b bl U pll pon
:venous return olj LaJS: preload JU aidile
80l e aclui EDV [ preload 6oL @i preload olj EDV olj gubud] eliol olj
stroke volume

WLy send-diastolic volume (EDV) JI olojs :venous return Ji ogjs LaJ«
.stroke volume (SV) JI 60Lj JI $os ldmg ipreload JI olojs
Stroke volume (SV) = End-diastolic volume (EDV) - End-systolic
volume (ESV)
(SV = EDV - ESV)
Suind
9lj JWUg send-diastolic volume (EDV) JI olj ;venous return Ji olj laJ 43
.preload Ji
WLy 10 left side of the heartJl J] lungs JI (o ds ] podl deeS (s
.55 2, left ventricle JI =i 2l @I pol] duas
llungs U right ventricle JI o gl Ul pressure of blood Jlg
.2js 21y systemic circulation U left ventricle JI (- oi
doudig theart rate J1 ogjy i) douiig afterload olaow pressure JI 1in
stroke volume Jl aujy <UdJ

Cardiac output s\ gse
Cardiac output is the amount of blood pumped by the ventricles per
minute.
Cardiac output (CO): CO =HR x SV
e CO = Cardiac Output
¢ HR =Heart Rate
e SV = Stroke Volume
= daBdl S it LSy I poll dnes
o> JS (B pdl e x Al S Caliil] Gl das



Stroke Volume (SV):
Stroke volume 8u=>lg d o JS P bl lasudy (VI pall daoS oo,
Stroke volume is the amount of blood ejected by the ventricle in one
beat and equals EDV minus ESV.
SV =EDV -ESV
e EDV = End-diastolic volume = yoldil Jud (bl 8 9g=>sall pall
e ESV = End-systolic volume = o Liill sy gubull 8 isiall padl

EDV = oliidl Jud pubdl e Al pull
ESV = jlo o asy bl 8 Jud Al pull
contraction
i Jlg
SV = o Ul padl - e I paldl

:blood volume centrally JI g0 BP JI dd)c o
1 Jle stroke volume Jlg . JLle afterload Jlg i Jle preload JI os55 LoJ =
e cardiac output Jly . Jle heart rate Jlg
e BP J! 9 JLle blood volume J! (55
Increased blood volume - increased venous return - increased
preload = increased stroke volume + heart rate - increased
cardiac output - increased BP.

.49,b dd)e blood pressure centrally JI 20 blood volume JI dd)e o
Peripherally JI J5& resistance Us juas 48 1 JolsS branching U blood
vessels.

.resistance JI 335 ;radius Jl of diameter JI J3 Lols
.4oyb ddMe resistance Jlg BP JI (w d3M)l Zuuaid



BP =CO x TPR

* BP = Blood Pressure
* CO = Cardiac Output
* TPR = Total Peripheral Resistance

:systolic blood pressure ¢ gLai)l poais juas GUI guld

JI gy (JUlg istroke volume of heart rate J1 80bj G scardiac output (CO) JI 8obj) dais Oy

Systolic blood pressure

venous return
preload
stroke volume
e heartrate

e contractility

.blood pressure

w1 5351 iy Vi
i)l o 85 o
stroke volume e
cardiac output e
2005 13] g

.systolic blood pressure gii JUby cardiac output 23, ligd

i 89)93 Gaii Oig scontractilitys heart rate usj sympathetic stimulation i ;S35 Oy

e heart pt ing | stroke

Systolic = heart factor

| cardiac output-> 245, systolic

.stroke volumey venous return
2uall §g89 cardiac output 8olyj s ST 095 systolic BP glajyl: 03]
1 ST Aol 19]

:diastolic blood pressure ® i)l ppsic ymas GUI Guldl
49 bl duco¥l (A vasoconstriction wuaw stotal peripheral resistance (TPR) J1 80LjJ dauis o952
.(arterioles)

Diastolic blood pressure

1 JiST i lim
o total peripheral resistance (TPR)
o dwols vasoconstriction of arterioles
S Olasslud]
Vasoconstriction of arterioles results in incr | vascular resi 1ce
Dlo 13 =

arteriolar vasoconstriction
Lol of resistance
o Jxii of RAAS )Log angiotensin Il - g4, diastolic blood pressure xsi.
.peripheral resistance 60bj Guww 5T 395 diastolic BP gl : 03]
1D ST dlinadl 13]

¢ arterioles | vascular resistance | TPR- g4, diastolic

Diastolic = resistance factor
H



Analotensin i cauces
arteriolar constriction

Anglotensin | e comnwerted to .
angiotensin il (a potent
VAGOCONGTrcCtor) In the lungs.
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Divided into two categotries:
s kress
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Primary or idiopathic hypertension:

Chronic elevation of blood pressure without evidence of other diseases.
Affect 90-95% of hypertensive patients.

Secondary hypertension: caused by other diseases like kidney disease (if it’s related
to a systemic disease that raises peripheral vascular resistance or cardiac output.).

ik may be Cavsec As a resulF of Disease oR l’)’}’e- of D“’ﬂs (medl'(al'ions\




%ﬁj Secondary hypertension

Secondary hypertension may be caused by:

Syl glaf
Renal hypertension. * bt
1) H-K(J
Adrenocortical hormone as: Dt
Lipids

Primary hyperaldosteronism. T oyt
Excess corticosteroids (Cushing’s syndrome).

- WeAdrenal gland abnormalities: Pheoc.hromocytoma (rar§ catecholamine—s.ecreting
tumor of adrenal chromaffin cells it producesTadrenahne & noradrenaline, and
they cause hypertension), characterized by episodes of headache, excessive
sweating, and palpitation.




% Secondary hypertension

Secondary hypertension may be caused by:

metabolism 4l ke iyjue (a\d
Coarctation of the aorta (narrowing or Bysiunction: s of=the ~*thyroid
constriction of the aorta). pituitary, or parathyroid gland.
el g . .
Oral contraceptive drugs. Pregnancy (gestational hypertension.

which is part of the preeclamptic

Drugs as cocaine, amphetamine, and . : :
5 ol : toxemia that is characterized by

erythropotetin. :
pill s (il o edema, hypertension, and
Obstructive sleep apnea. proteinuria (protein in urine).+ lWeﬂ Fenssion
Diabetes mellitus. Neurologic disorders. = Pregnenl foximua
 Kidneg bobok 01 u%, ) / b )
\&o\;,j‘ S }f Neurologic disorders wlac3| 9 OLlbus] = * <\£ \5.)3\5):.5 uh_‘(“
B dxlewmis patatonaormathetes mpathete do | AR g @ |
I\J . C JI (o ST Ui £ 5955 sympathetic neurons y|Lﬂ~u&l~S>b>|9 l\a/ |

iparasympathetic
PST 080 il clad linsd
.hypertension Ggu> J] $05) (»Xow idisorder lgad jLo 1319




renal disease si stenosis in the afferent arteriole

iy A1 I g0 @il podl o Gy g
TS oy Doy labe
sdosid (il dyg il of of yidsuie bl oi x4 dulsJl
renin release
Ju=di RAAS
02955 angiotensin Il
©J vasoconstriction
5 aldosterone release
woli>! 05 Na and water

blood pressure 1 9 blood volume 4 :d>uid!
hypertension Guuws a8 ddsl Juolgll padl dd: 03 Sago lim i G

Narrowing of the afferent arteriole decreases blood flow to the kidney, so the kidney
activates RAAS, which increases blood pressure.

renal arteriole stenosis wy ! 1S 13] .Over time
ikidney JI % uwJ9 other disease s cause JI yig.afferent arteriole stenosis oi
renal hypertension juas i (Xo:systemic hypertension e aic juas O osud

Primary hyperaldosteronism wu:
oliog swlwi JSin Lgaii dypasdl susd] (o aldosterone Ogo d 319 30U

e 1 sodiumretention
e 4 water retention
e 4 potassium loss

Late distal tubule gCollecting duct.

Saldosterone Jos g
1w aldosterone JI

.Collecting duct Jlg Late distal tubule JI 3 slaJlg pgioguall yolaisl sole]

)l pudd e Igdsilis ADHg aldosterone JI

.reabsorption lgkossg :waterg sodium U secretion lgsios 0gii G2xb (»= blood volume J1 lgaujug

Cushing's syndrome wu:
dlysb 8,i8) cortisol (o dle dnasd yojmio uu! Lgad juas Ul
1l S0 cortisol 30bj
¢ hypertension
o obesity 4ol 1diise Skl . abdomen
* moon face
¢ 4 blood glucose level
Cortisol has anti-inflammatory effects and suppresses the immune system
1) Anti-inflammatory effects
wlgl3l JUi, Cortisol ;=
paininfl ion : 9 19]
.pgaisy cortisol 5

swellingr
2) Suppresses the immune system
deliall jlg=> asuay of by Cortisol s

dacliadl puudl & lovial JUdy 9 immune cells blis JUa) (=

Cortisol Lelioll jlgadl dsloviul biisg wlei3l JLay

Lo 9ol Igousuians Uil (Jlaw) 458 paaic Ul puld]
Jio corti .
109Sizg cortisol duid dygo¥l sl
anti-inflammatory - waiill jlevl S Ll Jis
Croasuiuwl 13] 653 Salugh 8id Lgolasuim] (o i i)
agb 8,a)
immune system U suppression Jasi *
infections b wji (Koo *
blood glucose 89,5 (Soo *
Cushing'’s syndrome s (o2 hsi Cdgll gog *
rdduogll e Gusiy WWd
3] pLi Baz (r0 4i5¥ pasiiad ¥ [ Alysb §id) pasiius ¥
Jashl placniwdl 453 5 fouwl Jany 458 capbal] Syl
8y dpilor )UT asanny




31291 o Jgsuall adrenal medullaJl &8 tumor a>gs wll yasy 2
.norepinephrineg epinephrine

Pheochromocytoma: ow pyol! 1dn
Pheochromocytoma is a rare catecholamine-secreting tumor of
adrenal chromaffin cells. It produces adrenaline and
noradrenaline, which cause hypertension.

Coarctation of the aorta

(aorta) »g231 Uil (o i B GindS 18wy

S el juay g

aorta 2 rou > il o gy pal 1

"5 Olowil” (8 Al dggums pow Lo padl 1 EST B Ve ) .2
2 PNl oy Olins bsudl 8950 el 9 jaST 398y Fudy )] S0 S ounn|

0 ST I
G"H‘hi

Blood pressure (hypertension) 1 :d>uiil
secondary hypertension g»
buall Jos Ul oo (aorta ¥ §udi) gudly uw 9 ¥

Drugs such as cocaine, amphetamine, and erythropoietin o
epinephrine snorepinephrine.

:termination lgJ Josi Uy neurotransmitters Jl s
«degradation lgJ jua) Ll L neurotransmitters JI s =
reuptake lgJ juau9 Wj)81 GUI neuron J1 guidd g5 Ll b
.vesicles J31v lgisj3u @iag AU neuronJ 29y oi
ireuptake o) ;02 norepinephrineg epinephrine U 2w o cocaine JI
.systemic circulation JI ¥ gule lghoud
epinephrine ks &gi>wll vesicles JI 2id (o 9o jv amphetamine Jlg
.norepinephrineg
JI & norepinephrineg epinephrine Jl release ( lgasjs Jooo 1dilgilg

circulation

Erythropoietin:
.blood pressure JI ($aic 3333 0@l 3255 Ladg ;RBCs U synthesis (o 320
TS

blood &} >resistance a2 i - paJl viscosity oy RBCs JI ol 19]
.pressure



Obstructive sleep apnea:
248 10a9S |gandiily Log Igoliy Lo
.hypoxia oaic

Thypoxia U o cuadl s
.heart muscle U contractility ..

Dysfunction of the thyroid, pituitary, or parathyroid gland:

. TSH 8 1,y ipituitary disease ouic a>lg 13]
T4y T3 S 1 boasyg
.hyperthyroidism cuic juoud

T4o T3 wji LJ

metabolism ouju o
tachycardia couic juay o
cardiac muscle -U more contraction juaug ©

Sojyiiy I o pituitary gland JI
:adrenocorticotropic hormone (ACTH) aoul o902 Lic %
.blood pressure Ju 190js Ladg scortisol uuju

.parathyroid hormone (PTH) j,2u parathyroid gland JI

Sl (299 Jiiny g
.early distal convoluted tubule JI _$ .kidneys 9 Jsuiiv

oy guis
.calcium U reabsorption (o s
.contraction uju .calcium aujs Lol



S(preeclampsia) dws podl UL juucy g
shypertension JoloJl 8iyall dic jauay

baby U paJl Juogw Ul artery JU casus B9

14usJl of kidney tubules JI & destruction juas JWULg
1Oowig il filtration B juway ipuslUd

.urine (proteinuria) JI & wigdl reby jucas
.interstitial fluid JI % edema powic jmas 1dg)l pumiisg

Sedemad juay yind

Lojsl (20 gy Lo (oo sl L9 aall (ko yod

.interstitial fluid JI J] capillary wall JI g2,b (<

«destruction Clos Ul factors JI o (I

«capillary wall JI J® weakness . ;Lo

8l oIS ey siid

iglucosey chlorideg sodium s gy LoJg

.suction of water jua

sinterstitial fluid J1 J| bojdJd] (o by Lod (i IO

.edema pdaic juay ud Gliscg ((suction of water) sladl dso o

©

.tachycardia lais juwas (Sowo normal pregnant women JU
preeclampsia LS ls
1(Jo] pouwnd) toxemia of

proteinuria 9 hypertension g (pjs5) edema :pal el O baic juos
Somady 2l 8l s i

«arteries o (dowirall) placenta Ju

PG b clud] oy wic arteries JI s

FiST g g phall bl i g bl sy wics

.oxal 0,9 nutrientsg blood (o dxeS ST Juogi oline

ischemia oi hypoxemia | hypoxia :juas Glsi oS

o) dlolgll nutrientsy paJl dses (lads = ischemiay

Srwei yodw Lo artery JI i L)

proper remodeling 419 juas b Lo 43
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Hypertension j;j'”

Controllable Risk Factors:

Increased salt intake.

Obesity (Lectin works fine in non-
obese people, but when an adipose
tissue (fat) increases in the body, the
sensor gets damaged).

Alcohol.
Stress.

T.ack of exercise.

\ ,C;lo,w, ,

Uncontrollable Risk Factors:
Heredity.
Age.
Men between age 35 and 50.
Women after menopause.
Race:

1 out of every 3 African Americans.
Higher incidence in non-Hispanic

—blacks and Mexican Americans. ®
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Controllable Risk Factors
:controlling lgule Josi judi Jolss

¢ Increased salt intake
e Obesity

TObesity JI yiwJ
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e Alcohol gStress
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Hypertension

Women and High Blood Pressure:

Birth Control Pill.
Pregnancy.
Overweight.

After Menopause.

African Americans.
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What does High Blood Pressure do to my body?:
Stroke. High blood pressure adds to the workload of the heart.
Congestive heart failure. The heart must pump harder.
Kidney failu?e. If high blood pressure continues for a long time, the

heart and arteries may not function appropriately.
Heart attack. S pprop V.

The heart may at first thicken and then dilate and

Heart thythm problems. weaken causing heart failure.
e MIE’L Other body organs may also be affected.
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Sympathetic Nervous System
Centrally (<&l Lle):

e 1 heart rate
e 1 contractility
- 1 cardiac output (CO)

Peripherally (dxco¥l Lic):

e Vasoconstriction U arterioles

- 1 total peripheral resistance (TPR)
e Vasoconstriction U veins

- 1 venous return

- 1 preload

dwilgl] douid]
1T CO + 1™ TPR = 1 Blood Pressure

Parasympathetic Nervous System
Centrally (&) Lle):

e | heartrate

o contractility (¢luiibowd! oo J8T JSin)
Peripherally (g3l Lic):
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Branching of blood vessels:
* Artery - Arterioles =

* Arterial Capillaries =

* Venous Capillaries =
*Venules - Vein
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Arterial Blood Pressure Regulation

Short term regulation of blood pressure:
A regulation of blood pressure duertora change in position.

Baroreceptor reflex (Immediatenrapid mechanism). This is done/regulated by
baroreceptors, which are responsible for regulating blood pressure from moment
to moment. Baroreceptors prevent fluctuating BP.

Baroreceptors are neurons (collection of nuclei) located in the arch of the aorta
and large blood vessels of the chest.

These baroreceptors are sensitive to either increase or decrease in blood flow.




Arterial Blood Pressure Regulation

Short term regulation of blood pressure:

In the case of decreasing blood flow (hypotension), these receptors will send an
impulse through the glossopharyngeal nerve to the wasomototr center, which 1s
located in the medulla oblongata (have a collection of nuclei which are called
tractus solitarius).

The vasomotor center (tractus solitartus) will stimulate the sympathetic nervous
system, increasing contractility, and cardiac output. It also enhances the release of
epinephrine & norepinephrine from the medulla of the adrenal gland which leads
to central vasodilation and peripheral vasoconstriction; so, BP will return to
normal.




Arterial Blood Pressure Regulation

Short term regulation of blood pressure:

In the case of an increase in blood flow, the impulse will be sent to the vasomotor
center (tractus solitaries). It will block the sympathetic nervous system rather than
stimulate the parasympathetic nervous system. Thus, contractility and cardiac
output will be decreased, vasodilation peripherally will occur, and BP will return to
normal.
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Nervous Regulation of
the Circulation

Nervous control of the circulation mainly affects more global functions (e.g.,

redistribution of blood flow, cardiac contractility, and rapid control of arterial
blood pressure).

Autonomic Nervous System

® Sympathetic Nervous System (Norepinephrine is the neurotransmitter

substance): It stimulates vasoconstriction by activation of alpha adrenoceptors on
vascular smooth muscle.




Nervous Regulation of
the Circulation

Autonomic Nervous System

® Sympathetic Nervous System:

* Vasoconstriction of arterioles results in dncreasedrvascular resistance and
redistribution of blood flow.

*  Vasoconstriction of veins results in increased circulating blood volume,
increased venous feturn, which subsequently leads to increased yventricular filling-and
stroke volume.

* Increase in the activity of the heart (heartrate'and contractility ).




Nervous Regulation of
the Circulation

Autonomic Nervous System

® Parasympathetic system:

Plays a minor role in the regulation of circulation. Its important function relates to
its control of the heart rate (sttmulation of vagus nerves results in a decrease in heart
rate and contractility).
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Anatomy of the Sympathetic
Nervous Control of the

Circulation

Nerves leave the spinal cord through
thoracic and lumbar spinal nerves, pass
into the sympathetic chain, and then into
the circulation through:

® Specific sympathetic nerves innervate the
vasculature of the internal viscera and the
heart.

° The spinal nerves innervate mainly the
vasculature of the peripheral metarterioles.
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The Sympathetic Vasoconstrictor System and its
Control by the Central Nervous System

The distribution of vasoconstrictor fibers varies:
- Greater distribution in the kidneys, gut, spleen, and the skin.
- Less potent in the skeletal muscle and brain.
Vasomotor center:
- Located in the brain (reticular substance of the medulla and lower pons).

-transmits impulses through the spinal cord and hence sympathetic vasoconstrictor
fibers to almost all blood vessels of the body for blood pressure control.
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Areas of the Vasomotor Center:

1. Vasoconstrictor Area:

Neurons secrete norepinephrine which stimulates the vasoconstrictor neurons of
the sympathetic nervous system.

2. Vasodilator Area:

Fibers from neurons in this area project upward to the vasoconstrictor area and
inhibit vasoconstrictor activity.

3. Sensory Area:

Receives sensory nerve signals from the vagus and glossopharyngeal nerves and the
output signals from this sensory area then help to control the activities of both the
vasoconstrictor and vasodilator areas, thus providing “reflex” control of many
circulatory functions (e.g., baroreceptor reflex for blood pressure control).

N (i)\
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All vessels except capillaries, pre-capillary sphincters, and most metarterioles are
innervated. Small arteries and arterioles when stimulated will increase resistance to
flow and decrease the flow of blood to the tissues. Innervation of large vessels
(e.g., veins) decreases the volume of the veins and alters the volume of the venous
side of the circulation, so the volume is transferred to the arterial side. (Again,
“reservoir function”)
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@ Sympathetic
Vasoconstrictor Tone

Under normal conditions, the
vasoconstrictor area transmits
signals  continuously  (0.5-2
impulses/sec). These impulses
maintain a partial state of
contraction in vascular smooth
muscle (vasomotor tone).
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Control of Heart Activity by the Vasomotor Center:

Sympathetic nerve fibers to the heart increase heart rate and contractility when stimulated,
whereas impulses from the vagus nerve (parasympathetic nerve fibers) decrease heart rate.

Control of Heart Activity by Higher Nervous Centers:

Reticular substance

Hypothalamus can either excite or inhibit the vasomotor center
Cerebral Cortex

The Adrenal Medullae:

Excitation of sympathetic fibers to the adrenal medullae cause the secretion of epinephrine
and norepinephrine into the circulation.
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Role of the Nervous System for Rapid
Control of Arterial Pressure

The entire vasoconstrictor and cardioaccelerator functions of the SNS are
stimulated as a unit. At the same time, there is reciprocal inhibition of the
normal parasympathetic vagal inhibitory signals. As a result, 3 changes occut,
each of which contributes to increasingrarterial'blood pressutre: arteriolar constriction
and large vessel constriction (especially veins) increases citculating blood volume and
vénous return, increased cardiac” contractility and strokemveolume, and increase in
artefial “pressure. Direct stimulation of the heart (HRwincreases up to 3-fold and
contractilityss ificreased).

These effects can double arterial pressure within 10-15 sec. Sudden inhibition
can decrease pressure by half within 10-40 sec.




Increased Arterial Pressure during Exercise:
During exercise, active muscles require greatly increased blood flow.
® [ ocal vasodilatory mechanisms.

® Elevation of arterial blood pressure (an increase of 30-40% can increase blood

flow by 2-fold).

Exercise 1s initiated by activation of the motor areas of nervous system. At the
same time these areas are activated to initiate exercise, the reticular activating system of
the brain stem 1s also activated (incl. stimulation“of “the vasoconstrictor and
cardioacceleratormareas wof mthe"wvasomotorcenter). These raise arterial pressure
instantaneously to keep pace with the increase in muscle activity. This occurs with
many other types of stress (e.g;, fight or flight reaction).
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The Baroreceptor Reflex

150} p—. -
Once signals have entered the medulla 5 |
secondary signals inhibit the vasoconstrictor ¢
center and excite the vagal center. This results = = 100 | B
in wvasodilation of the veins and artetrioles Z T 1,\

: 3 . o Both common Carotids released
throughout the systemic circulation and & |carotids clamped
decreased heart rate and contractility. g o

<
Therefore, stimulation of the baroreceptor
reflex reduces blood pressure through a O
decrease in peripheral resistance and a decrease Minutes
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Stretching receptor

The Baroreceptor Reflex

Function during changes in body posture:

When going from laying down to standing up there is a decrease in a
stretch of the baroreceptors which respond immediately to increase
pressure by removal of inhibition on the vasoconstrictor center.




Mechanisms for Maintaining Normal
Arterial Pressure

® Arterial Baroreceptor Control System:
Receptor:  Spray-type nerve endings

Location:  in the wall of large arterial vessels (internal carotid artery and the wall of aortic
arch; (baroreceptor, pressoreceptors)

Stimulus: Stretch

Normally, the carotid baroreceptors are not stimulated by pressures between 0-60 mmHg, Above
00 mmHg they respond progressively more and more rapidly and reach a maximum at about
180 mmHg. The aortic baroreceptors behave similarly but operate at pressures 30 mmHg
higher than the carotid. Respond very rapidly to changes in pressure, with the rate of impulse

@ firing increasing during systole and decreasing during diastole. ®




Arterial Baroreceptor Control
System:

Pathway: Internal carotid
transmits impulses through Herring’s
nerve to the glossopharyngeal nerve
and hence to the tractus solitarius in
the medulla.

Signals from the aortic arch are
transmitted through the vagus nerves
also into this area of the medulla.

Carotid body
Carotid sinus

Vagus nerve

Aortic baroreceptors
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Baroceptor Reflex with decreased Art. Pressure

 Stretch on carotid sinus baroceptors

{ Firing rate of carotid sinus nerve

! Parasympathetic activity T Sympathetic activity
to the heart to heart and blood vessels
T Heart rate T Heart rate

T Contractility

Constriction of arterioles (T TPR)
T Venous return

J Unstressed volume

Pa toward normal
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® Carotid and Aortic Chemoreceptors:
Closely associated with the baroreceptors.
Stitnulus:lackiof O excess of GO, ot extess of v H:
Receptor: located in several small organs (1-2 mm in size), carotid, and aortic bodies.

Each body has close contact with the arterial blood. Low pressure stimulates the
chemoreceptors because diminished blood flow reduces oxygen and increases carbon
dioxide and hydrogen ions. These receptors are not strongly stimulated until systolic

pressure falls below 80 mmHg.

Pathway: same as Baroreceptor.

The Reflex: The signals transmitted from the chemoreceptors into the vasomotor
center EXCITE the vasomotor center and increase arterial pressure.
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Arterial Blood Pressure Regulation

Long-Term Control

It 1s done through the Renin-Angiotensin-Aldosterone System [RAS].

When cardiac output decreases, it decreases CO in all the body including the
kidneys.

When the globular filtration rate or the renal perfusion decreases, the kidneys will

respond to this by increasing renin production. SINR IR
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Baroceptors in long term AP
regulation

However, if BP is maintained for 1 to 2 days, the baroceptors
will reset at this ‘new’ level of 160 mmHg. Therefore,
baroceptors are not as important, in long-term regulation.
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Renin

* Renin is a protease that cleaves angiotensinogen to angiotensin I. Then
angiotensin 1 is converted to angiotensin 2 by the angiotensin-converting
enzymes (ACE) in the lungs.

* Renin is secreted by the juxtaglomerular apparatus in response to a reflexive
sympathetic activity or beta receptor stimulation, decreased central volume of
blood or decreased plasma Na+.




Angiotensin 11

* One of the most potent vasoconstrictors known.

* Octapeptide (8 amino acids).

* Constricts principally arteriolar smooth muscle to increase resistance.
* Stimulates the vasomotor center of the brain.

* Stimulates the release of Aldosterone (steroid hormone) by the
adrenal medulla.

* Inactivated by angiotensinase enzyme.




Effect of Angiotensin to Cause Retention of Salt and Water

@ Direct Renal Effect (can decrease urinary output 4-6 fold):

Enhances the reabsorption of Na ions from the proximal tubule (Na
reabsorption = water retention = increase in volume... vasoconstriction).

@ Stimulation of Aldosterone Secretion from the adrenal glands

Increase in salt reabsorption by the kidneystubulesyrincrease in extracellular fluid
sodiumy and water retention.

@ Blocks bradykinin, which is a local mediator of vasodilation:

So, blocking it causes vasoconstriction.




Aldosterone

 Steroid hormone secreted by the adrenal medulla in response to
angiotensin II formation.

* Increases blood volume by promoting the reabsorption of sodium and
water.

*Takes hours to be effective in raising blood pressure and volume
because it requires protein synthesis.



The Role of the Renin-
Angiotensin System in
Regulating Arterial
Pressure

Decreased Arterial Pressure

)
Renin (kidney)

:

Renin Substrate =" Angiotensin | (10 amino
(Plasma protein) acids)

= Angiotensinogen _
Converting enzyme

(Lung)

Angiotensin |l

(8 amino Angiotensinase
acids)
(Inactivated)

Renal Retention Vasoconstriction

of Salt and Water /

Increased Arterial Pressure



Antidiuretic Hormone (ADH, Vasopressin)

1. ADH is an oligopeptide that 1s synthesized in the hypothalamus and stored in
the posterior pituitary before it 1s released into the bloodstream.

2. ADH release 1s stimulated by osmoreceptors in the anterior pituitary, triggers
ADH and thirst (2% osmolarity) change is enough.

3. These hormones prevent diuresis (loss of water 1n urine) in case of
dehydration and hypovolemia.



ADH (Vasopressin) and Blood Volume
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ADH (Vasopressin) receptors

V|, receptors are in vascular smooth muscle.
V, receptors are in the principal cells of the renal collecting duct.

V, receptors are involved in water reabsorption in the collecting duct and in
the maintenance of body osmolarity.
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The Renal-Body Fluid System for Long Term Control of Arterial Pressure:

When the body contains too much extracellular fluid, arterial pressure rises. This increase in
pressure causes the kidneys to excrete the excess fluid until pressure returns to normal
(pressure diuresis).

Quantification of pressure diuresis using renal function curves

As pressure increases urinary volume, there is an equal effect on the urinary output of salt
(pressure natriurests),

i.e. the relationship is similar for sodium excretion (
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JWhat Can I Do?

* High blood pressure is a lifelong disease.
* Blood pressure can be controlled not cured.

* Controlling blood pressure will reduce the risk of stroke, heart
attack, heart failure, and kidney disease.
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JWhat Can I Do?

* Loose weight if your overweight.

Get regular physical activity.

Avoid excessive alcohol.

Stop smoking.

Manage your stress.

* Decrease salt intake.
e Eat for heart health.

* Discuss the use of oral
contraceptives with your doctor.

* Discuss the use of some
medications with your doctot.




* Commandments for Blood Pressure Control:

-Know your blood pressure -Eat a low-fat diet
* Have it checked regularly * According to AHA regulations
-Know what your weight should be -Don’t smoke cigarettes
* Keep it at that level or below * Or use tobacco products
-Don’t use excessive salt in cooking or at meals -Take your medicine exactly as prescribed
*  Avoid salty foods * Don’t run out of pills even for a single
day

-Keep your appointments with the doctor

. -Follow your doctor's advice about exercise




Main medication for HITN
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> Diuretics:

AMF ADY
* Rid the body of excess fluids and salt

» Beta-blockers:

* Reduce the heart rate and the work of the
heart

» Calcium antagonists:

* Reduce heart rate and relax blood vessels

B~ Blockers «— wia\B.P  oic oy
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» Angiotensin Il _receptor _blockers

(ACE):

* Interfere with the bodies production

of angiotensin, a chemical that
causes the arteries to constrict
(narrow)

> Vasodilators:

®* (Cause the muscle in the wall of the

blood vessels to relax, allowing the
vessel to dilate (widen).
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