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>t is a sustained elevation of systemic arterial blood pressure

» 1t is defined as systolic blood pressure more than or equals 140 mm Hg
or diastolic blood pressure more than or equals 90 mm Hg

»Hypertension results from increased peripheral vascular arteriolar
smooth muscle tone, which leads to increased arteriolar resistance and
reduced capacitance of the venous System

»chronic hypertension can lead to heart disease and stroke, the top two
causes of death in the world.

»Hypertension is also an important risk factor in the development of
chronic kidney disease and heart failure



- Vasoconstriction in the arteriolar smooth muscle
will cause increasing in arteriolar resistance and
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Classification of blood pressure

Systolic Diastolic
mm Hg mm Hg
Normal <120 |and| <80
Elevated 120- or | <80
129
Stage 1 130- | or | 80-89
hypertension |39
Stage 2 2140 or | 290
hypertension
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Response mediated by the sympathetic nervous system
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Figure 16.4 Response of the autonomic nervous system and the renin—angiotensin—
aldosterone system to a decrease in blood pressure.
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Baroreceptors and the sympathetic
nervous system

»Baroreflexes act by changing the activity of the sympathetic and
parasympathetic nervous system.

»They are responsible for the rapid, moment-to-moment regulation of
blood pressure. A fall in blood pressure causes pressure-sensitive
neurons (baroreceptors in the aortic arch and carotid sinuses) to send
fewer impulses to cardiovascular centers in the spinal cord.

»This prompts a reflex response of increased sympathetic and decreased
parasympathetic output to the heart and vasculature, resulting in
vasoconstriction and increased cardiac output.

»These changes result in a compensatory rise in blood pressure



Renin—angiotensin—aldosterone system(RAAS)

»The kidney provides long-term control of blood pressure by altering the
blood volume. Baroreceptors in the kidney respond to reduced arterial
pressure (and to sympathetic stimulation of B1-adrenoceptors) by
releasing the enzyme renin

»Low-sodium intake and greater sodium loss also increase renin release.

»>Renin converts angiotensinogen to angiotensin |, which is converted in
turn to angiotensin Il, in the presence of angiotensin converting enzyme

(ACE). w2l RCE JI9 ACE inhibitors JI & gui (o334 el (jLdis -
anti-hypertensive J/ o8 ago 90



i
A-, 'l

Angiotensin 1 —b.

=g
Lungs

— Angiotensinogen

| ,\R 3
| & A Lf‘\t I

. - ./‘

Angiotensin converting

Aets i Enzyme (ACE) ===
Liver Renin Adrenaly ‘ A
# adrenal gland J/ (s

< Aldosterone—»

Lgawl nephron Jbs dalais ¢ Jaidan JI Al (o g il 4l

:Jasa § collecting tubules heartifaliugs

. Sodium & Water
Retention

Kidney l

Increased BP

. ,:;‘:}: ~ Arteries

—b Angiotensin 11

‘potent Vasoconstrictor

-

Heart

A




Prostaglandin
afferent JI xs vasodilation Jaxs
glomerulus filtration rate (GFR) J/ 3 3uly) | glass (a2 20 (Y g - [ Afferent Arterlole

. . . . . . Interlobular /
»Angiotensin Il is a potent circulating vasoconstrictor, Artery

constricting both arterioles and veins, resulting in an
increase in blood pressure.

Efferent Arterlole

»Angiotensin Il exerts a preferential vasoconstrictor
action on the efferent arterioles of the renal glomerulus, | /
increasing glomerular filtration.

»Furthermore, angiotensin Il stimulates aldosterone P
secretion, leading to increased renal sodium reabsorption Capsule
and increased blood volume, which contribute to a
furtherincrease in blood pressure. These effects of

angiotensin Il are mediated by stimulation of angiotensin

Il type 1 (AT1) receptors
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ACETAZOLAMIDE

@ A carbonic anhydrase inhibitor that inhibits the reabsorption
of HCO; in the proximal convoluted tubule.

THIAZIDES AND THIAZIDE-LIKE :Ls» anti-hypertensive J (o

@® Inhibit reabsorption of Na® and CI” in the distal convol-
uted tubule, resulting in retention of water in the tubule.

® Most commonly used diuretic for the treatment of
hypertension.

® Weak diuretic properties.

Proximal
convoluted
tubule

SPIRONOLACTONE,
AMILORIDE,
TRIAMTERENE

@ Spironolactone, an
aldosterone antagonist,
inhibits the aldosterone-
mediated reabsorption of
Na"' and secretion of K*.

® smiloride and triamterene

BUMETANIDE, FUROSEMIDE, block Na* channels.

TORSEMIDE, ETHACRYNICACID

@ The loop diuretics inhibit the
Na*/K'/2CI" cotransportin the
ascending loop of Henle, resulting
in retention of Na*, CI", and water
in the tubule.

@® These agents can prevent
loss of K* that occurs with
thiazide or loop diuretics.

5

@® These drugs are the most

Collecti
efficacious of the diuretics. " -

tubule and duct

diuretics JI




anti-hypertensive medication J/ Js (» full effect JI (odls Jcans Ll

Thiazide diuretics
> hydrochlorothiazide and chlorthalidone, lower

blood pressure initially by increasing sodium Amiloride »Danon

and water excretion. Bumetanide BUME X
»This causes a decrease in extracellular volume, Chlorthalidone caen on s
resulting in a decrease in cardiac output and Eplerenone INSPRA

renal blood flow . Ethacrynic acid cDECRIN

i OF prlua] et ppliud gLy 34wy Furosemide | #51x
»With long-term treatment, plasma volume Hydrochlorothiazide MICROZIDE
approaches a normal value, but a hypotensive
Indapamide s vy

effect persists that is related to a decrease in
peripheral resistance. Metolazone crem: v

o , . o , Spironolactone ALDACTONE
»Thiazide diuretics are not effective in patients Triamterene DYRENIUM

with inadequate kidney function (estimated
glomerular filtration rate less than 30 mL/min/ Torsemide DEMADEX

mZi.. 90 (o ST (s normal J!




Actions

Increased excretion of Na+ and Cl-

Decreased Increased
urinary urinary
Loss of K+ p¢*4 SIZEY. excretion | excretion
Na*
Loss of Mg2+pg2 &llasd —

Decreased urinary calcium excretion :pull o a gacullSIl (po 395244

Volume
of urine

Thiazide and thiazidelike diuretics




Adverse effects

Potassium depletion the most frequent problem with the thiazide diuretics, and it can

porkalenia Juss digoxin J

EVETFT- Y JPY
J! y&ais hypokalemia J/ «digoxin salu g hypokalemia suis (s (aa,0 13

8 saageall guis Al ventricular arryhmias J aga,25 (Saa toxicity of dlgoxm

wenevema s Hyp onatremia: Hyponatremia may develop due to elevation of ADH as a result of

FUROSEMIDE hypovolemia, as well as diminished diluting capacity of the kidney and increased thirst

Limiting water intake and lowering the diuretic dose can prevent hyponatremia

Hyperuricemia: Thiazides increase serum uric acid by decreasing the amount of acid
excreted by the organic acid secretory system

Volume depletion

Hypercalcemia

Hyperglycemia: lead to glucose intolerance, possibly due to impaired release of insulin and
tissue uptake of glucose. JI o4 3992 L/ potassium receptors JI e alaci JUA (o ellig
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Loop diuretics anti-hypertensive J agosicuis Lo

»The loop diuretics (furosemide, torsemide, bumetanide, and ethacrynic
acid) act promptly by

»blocking sodium and chloride reabsorption in the kidneys, even in
patients with poor renal function or those who have not responded to
thiazide diuretics.

»Loop diuretics cause decreased renal vascular resistance and increased
renal blood flow.

»Like thiazides, they can cause hypokalemia.

»However, unlike thiazides, loop diuretics increase the calcium content of
urine, whereas thiazide diuretics decrease it.

dosA il

£ 93
»These agents are rarely used alone to treat hypertension, but they are
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» Amiloride and triamterene are inhibitors of epithelial sodium transport at
the late distal and collecting ducts.

heart faliure J/ o3 sodium water retenstion Jaxs </ aldesterone J/ | g2iasa IGIL

» spironolactone and eplerenone are aldosterone receptor antagonists.

. . . ‘ J"-—“’f-'&"t.s‘-"-‘ :Iinl-(e.(i.agss,nLg,\L-:.IM_gdl’frans-portersfjl
»All of these agents reduce potassium l0ss in the urine. .. 2ot seonpossun e v

poruligny

»Aldosterone antagonists have the additional benefit of diminishing the
cardiac remodeling that occurs in heart failure

»Potassium-sparing diuretics are sometimes used in combination with
loop diuretics and thiazides to reduce the amount of potassium loss
induced by these diuretics.



=Sodium entry in these segments occur through aldosterone sensitive
sodium channels

=The reabsorption of cationic sodium without an anion creates a lumen
negative electrical gradient that then favors the secretion of potassium
and hydrogen ions.

=Thus inhibition of sodium reabsorption at this site can lead to
hyperkalemia and metabolic acidosis

Amiloride and triametrene are cations that directly block sodium
channels but don't affect mineralocorticoid receptor.
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Spironolactone and eplerenone competitively inhibit che
mineralocorticoid receptor

Eplerenone is better tolerated than spironolactone, as it has lower
incidence of endocrine side effects (gynecomastia, menstrual
abnormalities, impotence)

Spironolactone has non selective binding to estrogen and progesterone
receptors.
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B-Adrenoceptor—Blocking Agents

B-BLOCKERS Non-Selective

Acebutolo] o r onv p1 & p2
Atenolol TENORMIN . Nadololl |
Betaxolol covenc ony “;1’::‘%?; .
Bisoprolol cevenc on Sotalol
Carvedilol COREG, COREG CR
Esmolol BrEVIBLOC Cardio-Selective
B1
Labetalol ThANDATE
RxKeySlides

Metoprolol LOPRESSOR, TOPROL XL " atenolol
Nadolol cORGARD :;ioxol'o:

: oprolo
Nebivolol aystoLiC Esmolol
Pindolol ceveac oy Metoprolol

Nebivolol

Propranolol INDERAL LA, INNOPRAN XL

Mixed al, g1 & B2

Carvedilol
Labetalol

With ISA* ... <.

Acebutolol
Pindolol

"Inlrinsic Sympahomimelic Activity
Associated with LESS Resting Brodycardia

Mortality Benefit
in HFrEF

Bisoprolol
Carvedilol

Metoprolol Succinate
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»The primary therapeutic benefits of B-blockers are seen in hypertensive
patients with concomitant heart disease, such as supraventricular
tachyarrhythmia (for example, atrial fibrillation), previous myocardial
infarction, stable ischemic heart disease, and chronic heart failure.

»Conditions that discourage the use of B-blockers include reversible
bronchospastic disease such as asthma, second- and third-degree heart
block, and severe peripheral vascular disease
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v
Ad ff non selective J/ o dols d<.s 8 ‘) Zf,:f‘:;‘r" - . Hypotension
Verse e eCtS males J/ sic beta blockers

*Non cardioselective B-blockers may disturb lipid metabolism, decreasing v
HDL high-density lipoprotein cholesterol and increasing triglycerides. ‘o e &

agale Jaidiigd selective

Bradycardia
heart rate J/ Jasa

"Hyperkalemia ( minor elevation of less than 0.5 meq/L)
=Lipophilic beta blockers ( propranolol and metoprolol) >>> CNS effects
Drug withdrawal @sidls a3 3aag 50 beta blockers JI 48 g3 & 9100 v

Abrupt withdrawal may induce severe hypertension, angina,

Fatigue
heart rate J/ Jal85 caacws
contractility Jly

myocardial infarction, and even sudden death in patients with ischemic heart
disease.

Therefore, these drugs must be tapered over a few weeks in patients with

hypertension and ischemic heart disease.

Insomnia
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CONCOMITANT

DISEASE DRUG CLASSES INDICATED IN TREATING HYPERTENSION
st
| [ STABLEISCHEMIC | _ } i _[ W } i { ]_ i [ Ca2* channel ]
& HEART DISEASE , [3-Blockers ACE inhibitors ARBs Blochkass
- - . : | s par | |-~ ca2?*channel
‘ DIABETES | k Diuretics ‘ ; ACE inhibitors ‘ ; ARBs ‘ [ Blockirs ’
— RECURRENT STROKE |- - -1 Diuretics R ACE inhibitors | - ARBs  |---------
% g 4 ) ( ( ) ( ) [ Aldosterone-
_— HEART FAILURE @/ =~  Diuretics -—-- f-Blockers | --| ACEinhibitors | - - ARBs --- receptor
L \MJ \MJ . . : - : - | antagonists
PREVIOUS MYO- Al ] . ) Aldosterone-
| CARDIALINFARCTION |~~~ "~~~ 777777 °°° | P-Blockers j=={ ACEinhibitors j=sssmsssmmsssmoos antagonists
[ CHRONIC KIDNEY | "
—‘ DISEASE | L ACE inhibitors | ARBs  |---------

Figure 16.6
Treatment of hypertension in patients with concomitant diseases. [Note: Angiotensin receptor blockers (ARBs) are an
alternative to angiotensin-converting enzyme (ACE) inhibitors.]
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ACE inhibitors are recommended as Benazepril LOTENSIN
first-line treatment of hypertension in Captopril e on.«

. . : : Enalapril vAsoTEC
patients with a variety of compelling Fosinopril covesi ey
indications, including high coronary Lisinopril PRINMIL, ZESTRIL
disease risk or history of diabetes, Moexipril cocacony

- fail dial Quinapril ACCUPRIL
stroke, heart tfailure, myocardia Perindopril cresc oy
infarction, or chronic kidney disease Ramipril aLiack

Trandolapril cvenc oe
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Angiotensin || Receptor BlockerSéAEXOCBS/“?\;LG@BE

~ARBs block the AT1 receptors, decreasing the activation of AT1 receptors CSo~Lomere® dl//

by angiotensin I1. seVvere S;Cge Bfnp@C{’

~ Their pharmacologic effects are similar to those of ACE inhibitors in that  gyware=rrm

they produce arteriolar and venous dilation and block aldosterone
secretion, thus lowering blood pressure, Azilsartan tonegl

Candesartan rniacann

»They may be used as first-line agents for the treatment of hypertension,
Eprosartan o owie

especially in patients with a compelling indication of diabetes, heart

failure, or chronic kidney disease. Irbesartan AvAPRO
Losartan COZAAR

~ Adverse effects are similar to those of ACE inhibitors, although the risks  Olmesartan BENICAR

of cough and angioedema are significantly decreased. Telmisartan v sa0s
Valsartan D10van

5T AL BladyKinin S 2.2,
An )\ 4\1,1/ (AZ?BS JI r°|.,.s<mnl J-\.C— d)l




Renin Inhibitor

wasiss A JiSKiren  is available for the treatment of hypertension.

Aliskiren dirgctly inhibits renin and, thus, acts earlier in the renin—angiotensin—aldosterone

tem than ACE inhibit ARB - -
A S N B ISRE =S it would cause hyPerKulemia
Aliskiren should not be combined with an ACE inhibitor or ARB in the treatment of hypertension.

It also causes cough and angioedema but less often than ACE inhibitors.
As with ACE inhibitors and ARBs, aliskiren is contraindicated during pregnancy.
Aliskiren can cause diarrhea, especially at higher doses.

Aliskiren is metabolized by CYP3A4 and is subject to many drug interactions.
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w90~ Dihyalyo - 9 Youb JI

They are beneficial in treating hypertension. 2ess Dl —Oﬂlgf intercrion than
— Non -;(Dlhyet’fo- 9Youb.

The dihydropyridines have the advantage in that they show little interaction with other
nonainyaro o1 s 3 CATAiOVascular drugs, such as digoxin or warforin,Awhich are often used concomitantly with

calcium channel blockers. Has Pocitive =T Anwil'coagulun} “bleod thinner:

Tt slows +he Heart Rate by inotrofic effect T} blocK vitamin K which is essential

by aPfecting electical activity L i _
of Hear}. CN%’ChfonO'}To\”iC effech ﬁ:a',t( 'c"o%?r:;ﬁ gfm"ﬁh. in blood Clot.
Calcium channel antagonists block the inward movement of calcium by binding to L-type

calcium channels in the heart and in smooth muscle of the coronary and peripheral arteriolar

vasculature.
This causes vascular smooth muscle to relax, dilating mainly arterioles. Calcium channel blockers

do not dilate veins ——>= Aﬂ@r* I (5 b




Most of these agents have short half-lives (3 to 8 hours) following an oral dose. 3—'—"3) veraPamiJl Ji’

IR = B"“”C)"’
Sustained-release preparations are available and permit once-daily dosing. zwwoa' Sustaineol UJ”
1/- cobwg N 05>
Amlodipine has a very long half-life and does not require a sustained-release formulation. 4
] = 20-5ok uls Aaps g2 1
l S Sustained - releas
once 0«0“ Y do mcd* Pl P 6559 6,5 —leis (SN
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i o— DIFOZIMN )1 25 Chvono Hopic eflech))
e o&omonic AV nadigl I (s 55801 re0 s VeTapanil
EHect: AV Dl RY o s 52 s 15299

VevaPamil veloxes swooth muscle
inCluding hose i G T Hact So Hhis veSults
(Peristalsic ) slow movement of digestive muscles

Adve rse effects So this make Stools Yasting iS harder + verPomil

decrease Pluid secretion which hardening the Stoa-
negative inotdopic effect «/ _(Hemﬂl» b\OCkJ\ Zly,i ,_v‘{

First-degree atrioventricular blockgnd constipation are common

&/ oy « dose-dependent side effects of verapamil. —— <) o= Difszem 4 as g f(”’;/
e A 31 B9e) ol heart 1ot
'[))\ (\)’g/ﬂ Verapamil and diftiazem should be avoided in patients with hear | Slow hed

. 1515 failure or with atrioventricular block due to their negative
sideJl oL inotropic {force of cardiac muscle contraction) and dromotropic

ePfect (velocity of conduction) effects. (s:6' 1 sciazy Dihydle N 4L

— : . HyPeriension of yescels Jl
Z\J.)-‘“ A4 Dizziness, headache, and a feeling of fatigue caused by a decrease

— .., in blood pressure are more frequent I.fith dihydropyridinas
e Jlyul > Dose devendant

- Peripheral edema is another commonly reported side effect of this
IMPUISCS_ class.
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Hy0ade 1 6210 5295 TePlexX (s sl == > et 250 g
Nifedipine SIHD orccanrl 55 FEflex Téchy.c S ool
Verapamil 'J”i’”"’ 9 fe ischemia C_ss~s serso
Diitlazen Pezic thetal  Diz2iness
Weak Strong gdema .
action action < c Frequency Of "
adverse effects ,
h/PerPJagla-
Nifedipine | 18%
. Verapamil 9%
B AV Conduction Dilticzem o
[LS apfact. v Infrequent Frequent
Nifedipine | & why ¢ 9 9

/;' LA . : 4}}/ ]
Verapamil | S 23 Dibydvo Jl
Diltiazem Cardiac Sl Il fs M5

. Decreased ‘ Increased .




blood vessels JI s 509290

o-ADRENOCEPTOR—BLOCKING AGENTS

prazosin, doxazosin and terazosin.

These agents produce a competitive block of al-adrenoceptors. They decrease peripheral
vascular resistance and lower arterial blood pressure by causing relaxation of both arterial and
venous smooth muscle,

Zu\»‘d\-’-w v Q;‘/"
Long-term tachycardia does not occur, but salt and water retention does. 7y, @' ©;
N33 Cmsp G225ell Py W oy NV

Reflex tachycardia and postural hypotension6ften occur [at the onset of treatment|and with

=EEE5Edose increases, requiring slow titration of the drug in divided doses.~—s- Becouse «-blocKers
are Potent hypertensive

<o Due to weaker outcome data and their side effect profile, a-blockers are no longer +reatments.
Ihey ave nod <= recommended as initial treatment for hypertension but may be used for ﬁr%%%gs__}, ob &Il
First Zint-- Other a1-blockers with greater selectivity for the prostate are used in the treatment of benign  tsv o
prostatic hyperplasia ACERNRA Y

230\ \j2 ¥
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used in Hyperiension Emeygenancy

when BY (Sys =180 or Diy >z llo) +
Q There iS organ Puilur liKe heort atacK
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b-Adrenoceptor—blocking Agents

s Labetalol and carvedilol block al, 1, and B2 receptors.

@l pulall first line hypertensive medication yiiay
heart faliure and hypertension Lasic

~Carvedilol is indicated in the treatment of heart failure and hypertension. It has been shown to
reduce morbidity and mortality associated withmheart failure.

ditalol is used in the management of gestatlonal hypertension and hypertensive

emergencies. Prednancy Ji et Hyper. T
ibe wsed Por
ﬁg%ﬂaﬂ/ woén.
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Centrally Acting Adrenergic Drugs

L

Nov efi. Plow 3] gz sws 21 5L 'awlej

» acts centrally as an a2 agonist to praduce inhibition’of
sympatheatic vasomotor centers. decreasing sympathatic outflow

. *
C I 0 ni d N e to the periphery. savarlnd s <1 3 U A o0

low injestinal muscle Gontvaction
on g Al o =) w in sk

¢ Adverse effects includes sedation, drv mouth; and censtipation

. <
. ﬁlﬁgJB-'tlzili;:?zZec&ocu\e! stof treatment step by step to

aveid Severe MWyPertension.

¢ a2 agonist that is converted to methylnorepinephrine centrally
to diminish adrenergic cutflow from the CNS

M et hy I d O pa * The most comman side effects of methyldopa are sedation and

drowsiness
¢ [t is mainly used for management of hypertension in pregnancy

Short half life clela 6 Js §i clelos 8 JS Ly 33

I eyl st
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1o be ustd:
potent vasodilator ,siss i nitric oxide Ji 3Ly Gasko ¢ % _}_ NF |
Vasodilators ok Erh Lt

Lgoladical 2ty Lo Juld

~The direct-acting smooth muscle relaxants, such as hydralazine and minoxidil, are not used as
primary drugs to treat hypertension.

~These vasodilators act by producing relaxation of vascular smooth muscle, primarily in arteries
and arterioles. This results in decreased peripheral resistance and, therefore, blood pressure.




fotent c==\aSodiladore I\ £=—
et AR oo reies Vb ledes coye i
B-blocKerdrs =G Vaso dilation )l 551 ==

SI de o ffeC tS . Contrackliins WK Ngse o=

» Both agents produce reflex stimulation of the heart, resulting in the competing reflexes of
increased myocardial contractility, heart rate, and oxygen consumption.

These actions may prompt angina pectoris, myocardial infarction, or cardiac failure in
predisposed individuals ischemic heart disease <l ig 0 o cardiac JI sl o8 dsla

~Vasodilators also increase plasma renin concentration, resulting in sodium and water retentio
. N . o ‘ & .
DiureHCs yoszwl N3

I y€ watels Nt w357 G
uriné




Hydralazine is an accepted medication for controlling blood pressure in pregnancy-induced
hypertension preeclampsia J/ c¥la o8 dsla

Adverse effects of hydrolazine include headache, tachycardia, nausea, sweating, arrhythmia, and
precipitation of angina.

A lupus-like syndrome can occur with high dosages, but it is reversible upon discontinuation of
the drug.

Minoxidil treatment causes hypertrichosis (the growth of body hair). This drug is used topically
D)5\ £~ 1o treat male pattern baldness

Anbi h‘/"‘iflT >
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Antiarrhythmic part 1




Atrial arrh

This common arrhythmia involves multiple
ectopic foci of atrial cells, creating a chaotic
movement of impulses through the atria.
The ventricular response may be rapid
(100-150 beats per minute) and irregular.
Cardiac output is decreased and exercise
intolerance is common.

g TYPE OF
ARRHYTHMIA

Class |

ATRIAL
| ARRHYTHMIAS

\_f e |
|

ATRIAL [ Propafenone ]

V\m AN

R

' eree this vid

FIBRILLATION

More common




- Atrial arrhythmia:

AV node I dasls ja83 oJl cventricle Hy AV node H Jas signals JI s s -
JI (o s oo (5 9sa atrial contraction J/ (esa claa leas (ventricle H daus

ventricular J/ () ssuag dincrease in HR s55 uaad (<19 «ventricular contraction
sle response

Jaza yadas Lo atrium JI oY 134y dschemic stroke H a3 9 ‘death“‘J.l ($952 (Sas -
& T aMll Js s aatria JI o8 blood JI asandil (su3as (maawall Jsills contraction

H T 95 Ll Ol sl (Olse Y T 939 thrombosis Jaxs (sas 1329 ventricle JI
brain



Supraventricular tachycardias

SUPRAVENTRICULAR

ATRIAL RHYTHMS
TACHYCARDIAS ]

AV Nodal Reentrant
Tachycardia (AVNRT)

AV NODAL
! REENTRY

ACUTE SUPRA- |
VENTRICULAR
TACHYCARDIA




Tachycardia JI g/ g1 sl (0

Ventricular tachycardia

Implantable cardioverter ¢
VENTRICULAR ] commonly used to termin:

TACHYCARDIAS arrhythmias.

r

ACUTE VENTRICULAR
TACHYCARDIA Udocalne

Jdsais

VENTRICULAR
PIDRILLATION Lidocaine

(not responding to
‘ electrical defibeillation)

This arrhythmia is a common cause of death in patients who have had a

myocardial infarction. Cardiac output is impaired, and tachycardia may ! -(f{
deteriorate into ventricular fibrillation. Therefore, ventricular tachycardia C . ~
requires prompt management. S 15min in 15s

- ) N\ .

2




action potential J/ 3,49 1931 ,slowing of conduction | glasa (<as -
SAY AlA (o LAY e peu (o JBT (LI

Antiarrhythmic drugs

Many of the antiarrhythmic agents are known to have dangerous proarrhythmic actions—that is, to
cause arrhythmias

Inhibition of K+ channels widens the action potential and can, thus, prolong the QT interval. If
prolongation is excessive, these drugs increase the risk of developing life threatening ventricular
tachyarrhythmias (torsades de pointes).

Causes:: drug induced, ischemia and hypokalemia) and genetic abnormalities may contribute.

Long QT interval Torsades de Pointes (twisting of points)




dangerous | glaza (Sas agal od 4 9aY/ 03¢l side effect JI aai (1o Saalg -
proarrhythmic actions

inhibition of potassium Jaxis oJl canti-arrhythmic medications J/ dwola

refractory JI 549 Jgkaiag «action potential JI 5,38 od gkas 1) (sul¢gs «channels

abnormal beat and s jaaags crepolarization JI Cuxas 5,581 Johasi 1, 9 <period
electrical impulse, renentry

torsade de JI a9 tachyarrythmia J/ g1921 (40 £ g9 (950 il dnyd (olaxing
pointed

drug induced J/ Lgaswu duls g

JI ol casymptomatic (9<u (<19 QT interval H prolongation suis (4450 (Sas (1o 4l
symptomatic () ¢<is torsades decpoimts
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Repolarization
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depolarization :
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Na* channels close Ca™
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Phase 4

Resting potential
Leaky K* channels
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Anti-arrythmic classification

CLASSIFICATION MECHANISM OF ACTION COMMENT

OF DRUG

abnormal rythim Lasic oJi tissues JI (o3 (195 (! firing H Jaasis Jazs claa LB

1A Na* channel blocker Slows Phase 0 depolarization in ventricular muscle fibers

1B Na* channel blocker Shortens Phase 3 repolarization in ventricular muscle fibers

IC Na' channel blocker Markedly slows Phase 0 depolarization in ventricular muscle fibers
n [-Adrenoreceptor blocker Inhibits Phase 4 depolarization in SA and AV nodes

Beta one AV N0de I 8 GLsS 352,943 dasins 2asss SA NOde Jl b 35259

m K' channel blocker Prolongs Phase 3 repolarization in ventricular muscle fibers
refractory period J/ J gk claag

v Ca** channel blocker Inhibits action potential in SA and AV nodes




Class |

Mechanism of action :: blocking voltage-sensitive Na+ channels.

They bind more rapidly to open or inactivated Na+ channels than to channels
that are fully repolarized. repotarization i atays 5 1 channels s susseall s Jsi Lilisyf s

Pharay PheitO Proge| Pranl  prased

+ a4
Therefore, these drugs show a greater degree of blockade in tissues that I & T C"T 1
frequently depolarizing. elei Lyt gsss oo K+ * K+ lk* K+

Use dependence (or state dependence): +40n/

It enables these drugs to block cells that are discharging at an abnormall
high frequency, without interfering with the normal beating of the heart.

normal beating of the heart J/ s lua Gaas 00 () 9<aa

proarrhYthm |C alag class 1 drugs (o dbayi,l | AUt Bk |
194 (18 agll clinical practice JI



CLASS | (Nat*-channel blockers)

A Disopyramide (IA) NORPACE
C Elecdinide (IC) TAMBOCOR

B (Lidocaine(IB) xYLOCAINE
Wiexiletine (IB) c:neric oLy

Procainamide (IA) ceeric oy

(Propafenone (IC) RYTHMOL
Quinidine (IA) ceneric onwy




potent Na channel agss o8 a2z (Na channels JI s action JI daals (o Slias

a9 weak agas o399 long Na channel blocker agxs o49 blocker

Jazs o489 prolongation of action potential Jazs agis o8 (Y1 (a2 intermediate

C I a S S I 99 Laaaias Aals il (99 refractory period JI ol il Lo agio o3 shortening

3

|3 Ilg_.‘_

Class IA Moderate Na channel blocker

Prolong action potential and refractory period

Slows conduction velocity
Class IB Weak Na channel blocker
sodium channel < limited effect </ shorten phase 3 repolarization and decrease

the duration of the action potential
ClassIC Powerful and strong fast Na channel blockers
The strongest Depress phase 0 depolarization

Has limited effect on repolarization and
refractory period
more potent antiarrhythmics.

mechanism of action JIg agixsi efficacy J/ e £l cails dapndills
depolarization J/g repolarization J/g refractory period J/ sls a2 ,aliy



«blocking of potassium channels | glass agal jaslad agas 4 ﬁ_\s galeadl
prolongation repolarization J«xid (Na channels J/ ods (1 paido yiio Lags

Class IA antiarrhythmic drugs: Quinidine, procainamide, and
disopyramide
proarrhythmia

“*Because of their concomitant class Il activity, they can precipitate arrhythmias that can progress
to ventricular fibrillation. or torsade de point (death J! 5 yils (535 (Sa05)

“*Mechanism of action:
Slowing the rapid upstroke during phase 0

It slows conduction velocity and increases refractoriness

wl:ausudymo (hu.ag.ll.i.\u&aum‘,ll
CNS effects 3 sasig urinary retension (s «constipatiol

Quinidine also has mild a-adrenergic blocking and antlchollnerglc actions.

Neither procainamide nor disopyramide has a-blocking activity
less anticholinergic activity with procainamide and more with disopyramide

Disopyramide produces a greater negative inotropic effect, and unlike the other drugs, it causes
peripheral vasoconstriction Joff e ol et o e vt 0

ventricular dysfunction. herat failure



Class |IA drugs slow Phase 0
depolarization. In addition,
because of their Class Il
activity, these drugs prolong
the action potential.




Therapeutic uses:

They are used in the treatment of a wide variety of arrhythmias, including atrial, AV junctional, and
ventricular tachyarrhythmias

Adverse effects:

3 acd Jale 91 cheart faliure, ischemic heart disease, atherosclerosis JI (a0 (o8 agas saiaj38

»Enhanced proarrhythmic effects and ability to worsen heart failure symptomes,

Class IA drugs should not be used in patients with atherosclerotic heart disease or systolic heart
failure

<»Large doses of quinidine may induce the symptoms of cinchonism (for example, blurred vision,
tinnitus, headache, disorientation, and psychosis)

“*Intravenous administration of procainamide may cause hypotension.

» Disopyramide has the most anticholinergic adverse effects of the class IA drugs (for example, dry
mouth, urinary retention, blurred vision, and constipation)



Class IB antiarrhythmic drugs: Lidocaine and

meXxiletine

dThey are useful in treating ventricular arrhythmias
JThey have little effect on atrial or AV junction arrhythmias
INeither drug contributes to negative inotropy

Mechanism of action:

In addition to Na+ channel blockade, lidocaine and mexiletine
shorten phase 3 repolarization and decrease the duration of

the action potential

Adverse effects:

Class IB drugs shorten
Phase 3 repolarization

and decrease the duration
of the action potential.




Adverse effects

Lidocaine has a fairly wide therapeutic index.

e dao alladf ils yalf (S) e o e g epetitive HORIZONTAL NYSTAGMUS
Central nervous system (CNS) effects include nystagmus (early indicator of

toxicity), drowsiness, slurred speech, paresthesia, agitation, confusion, and @
convulsions, which often limit the duration of continuous infusions.

clinical practice as antiarrythmic drug is very rare J/ (o3 dolaiicul

VERTICAL NYSTAGMUS

Mexiletine has a narrow therapeutic. Nausea, vomiting, and dyspepsia are the
most common adverse effects. @ @

ROTARY NYSTAGMUS

® &
U



they will slowely o222 slow pharmacokinetics JbLs /9ysais
bind to Na channels and they will slowely deassociate
from resting Na channel

Class IC antiarrhythmic drugs: Flecainide and propafenone

These drugs slowly dissociate from resting Na+ channels and show prominent effects even at normal
heart rates abnormal heart rhythim J/ dla o8 a2, 00 0950 (o) ((n8lall (uss alag normal heart rate JI (ols | glicidia (9,08 agdl (ol (5950 ol
’ . L normal heart rate JI slass 1, class 1C JI Loi -
they will cause arrythmia o2

Due to their negative inotropic and proarrhythmic effects!!i!

dysfunction
The use of these agents is avoided in patients with structural heart disease (left ventricular hypertrophy,
heart failure, atherosclerotic heart disease).

Mechanism of action::

“+»They suppress phase 0 upstroke in Purkinje and myocardial fibers

“* Flecainide also blocks K+ channels, leading to increased duration of the action potential.

“*» Propafenone, like flecainide, slows conduction in all cardiac tissues but does not block K+ channels.

“*propafenone possesses weak B-blocking properties.



Class IC drugs markedly
slow Phase O
depolarization.




Therapeutic uses

daa Gls doaadiuns Lo clinical practice J/ (o8 (o
Flecainide is useful in the maintenance of sinus rhythm in atrial flutter or fibrillation in patients
without structural heart disease and in treating refractory ventricular arrhythmias. swsss.

Use of propafenone is restricted mostly to atrial arrhythmias: rhythm control of atrial fibrillation or
flutter and paroxysmal supraventricular tachycardia prophylaxis in patients with AV reentrant

tachycardias




Adverse effects

Flecainide is generally well tolerated, with blurred vision, dizziness, and nausea occurring most
frequently.

Propafenone has a similar side effect profile, but may cause bronchospasm and should be avoided
in patients with asthma. broncho constriction Jaxy




Class |A Moderate Na channel blocker

Prolong action potential and refractory period
Slows conduction velocity

Class IB Weak Na channel blocker
shorten phase 3 repolarization and decrease
the duration of the action potential

ClassIC Powerful and strong fast Na channel blockers
Depress phase 0 depolarization
Has limited effect on repolarization and
refractory period
more potent antiarrhythmics.



Anti-arryhthmic part 2
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J M »si side effect Lgdl u% (non selective beta blocker J/ (s a2 -
«ayto be avoided to people who have asthma </ J«533 Propranolo

bronchospasm | glass (<as

Class Il Antiarrhythmic Drugs

CLASS Il (B-adrenoreceptor blockers)

Atenolol TENORMIN
B-bIOCkerS' o %WEsmOIOI BREVIBLOC short and rapid acting beta blocker

-~z Metoprolol LOPRESSOR, TOPROL-XL

Bisoprolol ss¢ie 525

They are also used for atrial flutter and fibrillation
AV nodal reentrant tachycardia.
~ Prevent life-threatening ventricular arrhythmias following a
Lt myocardial infarction.



They will block beta one blocker so they will suppress the action potential

Class Il Antiarrhythmic Drugs

Mechanism of action :

1- Diminish phase 4 depolarization

2-Depress automaticity,
3-Prolong AV conduction sy uss;

4-Decrease heart rate and contractility

Common adverse effects:

include bradycardia, hypotension, and fatigue




Class lll Antiarrhythmic Drugs

»Class lll agents block K+ channels and, thus, diminish the p
outward K+ current during repolarization of cardiac cells. Class |l drugs prolong
Phase 3 repalarization,
»These agents prolong the duration of the action potential without altering Phase 0.

without altering phase 0 of depolarization or the resting
membrane potential

»They prolong the effective refractory period, increasing
refractoriness.

> All class lll drugs have the potential to induce arrhythmias.

CLASS Ill (K* channel blockers)

IV or oral 132503 215 41 A Miodarone CORDARONE, PACERONE
Dofetilide TIKOSYN
Dronedarone MULTAQ
Ibutilide CORVERT
oray a2 SOE@IOI BETAPACE, SORINE




Am i Od a rO n e King of the group, very effective, used in emergency

lodine groups

» Amiodarone contains iodine and is related structurally to thyroxine.

»Its dominant effect is prolongation of the action potential duration and the refractory period by
blocking K+ channels

»It has complex effects, showing class |, Il, lll, and IV actions, as well as a-blocking activity.

Therapeutic uses

Amiodarone is effective in the treatment of severe refractory supraventricular and ventricular

tachyarrhythmias. class 2 aglosiios sols

Amiodarone has been a mainstay of therapy for the rhythm management of atrial fibrillation or
flutter.

Despite its adverse effect profile, amiodarone is thought to be the least proarrhythmic of the class |
and Il antiarrhythmic drugs.




The drug is unusual in having a prolonged half-life of several weeks (25-100 days), and it distributes

extensively in tissues. tissues Ji s Accumulation diyeay LI
44393 Lo J g dspeus T 90 Lga) B850 Lo cdio side effect olas s (aa 0 (51 (LG

Full clinical effects may not be achieved until months after initiation of treatment, unless loading doses
are employed.

Adverse effects::
reversible suls «Jigb aladlicl aay

Layd
pulmonary fibrosis, neuropathy, hepatotoxicity, corneal deposits,

optic neuritis blue-gray skin discoloration, and hypo- or hyperthyroidism

uniiateral or bilataral fission J 9 o<es face J/ dalais (o8 dola
blindne! u}u&syh rley (<! dos: =

dale Sl S dagaig dugal s & Al

Drug drug interaction

Numerous DDIs :: since it is metabolized by CYP3A4 and
serves as an inhibitor of CYP1A2, CYP2C9, CYP2D6, and P glycoprotein

efflux Jass (nigym (s )las







structure of amiodarone J/ (s didis

Dronedarone

» It has a shorter half-life than amiodarone.

»It does not have the iodine moieties that are responsible for thyroid dysfunction associated with
amiodarone.

» Dronedarone has a better adverse effect profile than does amiodarone but may still cause liver
failure.

>t is used to maintain sinus rhythm in atrial fibrillation or flutter, but it is less effective than
amiodarone.

»The drug is contraindicated in those with symptomatic heart failure or permanent atrial fibrillation
due to an increased risk of death

risk of death JI says (uladl J gagd doladieuld O Gaang Gilealyadl 4oy




Sotalol

»Nonselective B-blocker activity

» Sotalolblocks a rapid outward K+ current. This blockade prolongs both repolarization and duration
of the action potential, thus lengthening the effective refractory period

Therapeutic use : Sotalolis used for maintenance of sinus rhythm in patients with atrial fibrillation,
atrial flutter, or refractory paroxysmal supraventricular tachycardia and in the treatment of
ventricular arrhythmias

»It has a low rate of adverse effects when compared to other antiarrhythmic agents

»To reduce the risk of proarrhythmic effects, sotalo/ should be initiated in the hospital to monitor QT
interval.



Dofetilide oraiy

It can be used as a first-line antiarrhythmic agent in patients with persistent atrial fibrillation and
heart failure or in those with coronary artery disease.

Because of the risk of proarrhythmia, dofetilide initiation is limited to the inpatient setting.

The half-life of this oral drug is 10 hours.

Ibutilide

Ibutilide is a K+ channel blocker that also activates the slow inward Na+ current (mixed class Il and
|A actions).

Ibutilide is the drug of choice for chemical conversion of atrial flutter.

It is not used orally. Initiation is also limited to the inpatient setting due to the risk of arrhythmia.



Class IV Antiarrhythmic Drugs

constipation Jaxs

Nondihydropyridine Ca2+ channel blockers verapamil and diltiazem

Both drugs show greater action on the heart than on vascular smooth muscle, but more so with verapamil

In the heart, verapamil and diltiazem bind only to open depolarized voltage-sensitive channels, thus decreasing
the inward current plateau phase J/ cidg | glasiys oiny

@diusla

They slow conduction in tissues that are dependent on Ca2+ currents, such as the AV and SA nodes

These agents are more effective against atrial than against ventricular arrhythmias, in treating reentrant
supraventricular tachycardia

Common adverse effects include bradycardia, hypotension, and peripheral edema




Other Antiarrhythmic Drugs

Narrow therapeutic index

Digoxin Na k ATpase pump inhibitor

Prolonging the effective refractory period and diminishing conduction velocity in the AV node, while
shortening the refractory period in atrial and ventricular myocardial cells

IV Digoxinis used to control ventricular response rate in atrial fibrillation and flutter

‘entricular arrhythmia

At toxic concentrations, digoxin causes ectopic ventricular beats that may result in VT and

fibrillation.
toxicity « <1 9dh (Sas el (e 0l o
Note: Serum trough concentrations of 1.0 to 2.0 ng/mL are desirable for atrial fibrillation or flutter

a1y renal impairment JI o0 44y kidney JI w50 o8 dose H adjusment Jaxa ags
digoxin H ,asiaccumolation yuas digoxin JI @il ya adaac

Trough concentration : J31 34 concentration aalls #1903 5/ ddean (3Sas



Adenosine

»Adenosine is a naturally occurring nucleoside, but at high doses, the drug decreases conduction
velocity, prolongs the refractory period, and decreases automaticity in the AV node.

»Intravenous adenosine is the drug of choice for converting acute supraventricular tachycardias.
>t has low toxicity but causes flushing, chest pain, and hypotension.

» Adenosine has an extremely short duration of action (approximately 10 to 15 seconds) due to
rapid

RS a4

uptake b)y’/ erythrocytes and endothelial cells.



Magnesium sulfate

Magnesium is necessary for the transport of Na+, Ca2+, and K+ across cell membranes.

It slows the rate of SA node impulse formation and prolongs conduction time along the myocardial
tissue.

Intravenous magnesium sulfate is the salt used to treat arrhythmias, as oral magnesium s not
effective in the setting of arrhythmia.

Most notably, magnesium is the drug of choice for treating the potentially fatal arrhythmia torsades
de pointes and digoxin-induced arrhythmias.




Ranolazine

Ranolazine is an antianginal drug with antiarrhythmic properties similar to amiodarone

Its main effect is to shorten repolarization and decrease the action potential duration similar to
mexiletine.

It is used to treat refractory atrial and ventricular arrhythmias, often in combination with other
antiarrhythmic drugs.

dizziness and constipation as the most common adverse effects




Drugs for Heart Failure
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Heart failure (HF)

1t is a complex, progressive disorder in which the heart is unable to pump sufficient
blood to meet the needs of the body.

edema suis g (pddis dala

»Its cardinal symptoms are dyépnéa fatigue, and fluid retention.

»HF is due to an impaired ability of the heart to adequately fill with and/or eJect blood.
~ It is often accompanied by abnormal increases in blood volume and mterstltlal T fluid.
»Underlying causes of HF include, but are not limited to, atherosclerotic heart disease,

hypertensive heart disease, valvular heart disease, and congenital heart disec

HF J (5053 (Sas LI ischmeic heart disease JI Mo « i dalawad
HF suie juen (Kaad myocardial infarction slas jlo (1ou 40
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with preserved ejection fraction



blood JI 222 9 cardiac output JI ga s 4l agae Sugdl 441 2o mechanism JI Jgaa (sd
progression of heart faliure J/ o8 caacull Lo (I g 4 940l (s g normal M pressure

Role of physiologic compensatory mechanisms in the
progression of HF

2.
1.Chronic activation of the sympathetic nervous system and the renin—angiotensin-
aldosterone system (RAAS) is associated with remodeling of cardiac tissue, loss of
myocytes, hypertrophy, and fibrosis. This prompts additional neurohormonal activation,
creating a vicious cycle that, if left untreated, leads to death
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Renin Angiotensin and Sympathetic Nervous System

TAngiotensinll | o __ ' gninephrine

I T Norepinephrine
AT, ReceptOl’S 1\ Renin

Vasoconstriction

 Blood Pressure

T Sympathetic tone
TAldosterone

" Fibrosis

M Ventricular Hypertrophy
™ Apoptosis
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Natriuretic Peptide System

T NP (ANP, BNP)
T NP Receptor Density

Vasodilation

Js Blood Pressure

J Sympathetictone
Anti-hypertrophic/-fibrotic
Diuresis and Natriuresis
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T Clearance of NP by neprilysin
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more and strong contraction to the heart | glass29 heart muscle

I ypes Of H F ability of the ventricle to relax and to accept J/ L

blood is impaired, this is called diastolic heart faliure

s enrsen overen s H@art failure(HF) with reduced Heart failure with preserved
i iy s e oot s @j @c tion fraction (Systolic HF) ejection fraction (Diastolic HF)

ventricle Jb weakining 3 jlo
diminshed ability to ;Lwog walls |
eject blood /

Thickened
ventricular
muscle
hypertrophy Lo
dracii (Y suie (9% UL r
conjective heart failure

el gewats ius ventricle JI (L o 1) blood (51
pulmonary congestion Jaxaa slag lung JI ¢ daeé

This results from reduced The left ventricle becomes stiff and does
contraction of the left ventricle not relax normally. As a result, it cannot fill
such that not enough blood is properly, and pressure begins to increase

- pumped into the circulation. in the left heart chambers and in the lungs. -



Types of HF

If the compensatory mechanisms adequately restore cardiac output, HF is said to be compensated.

If the compensatory mechanisms fail to maintain cardiac output, HF is decompensated and the
patient develops worsening HF signs and symptoms.

Typical HF signs and symptoms include:

Dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea, fatigue, and peripheral edema.
L 97 ol adlas L (<o gicmylad sr‘_ae»awfﬂ'@el{f'fi' B0 Slad g
at rest (is gi plaalldidé oz g V9 flat Gali U guaia
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Goals of pharmacologic intervention in HF
(h i3 98 Vg dadlaa Th) s

alleviate symptoms

SIOW disease
rodaression

Improve survival
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Therapeutic strategies in HF

Non pharmacolical therapeutic strategy

1-Fluid limitations (less than 1.5 to 2 L daily) <3

2-Low dietary intake of sodium (less than 2000 mg/d
3-Treatment of comorbid coONditioNS s smomeson s os ot o dapees e o
4- judicious use of diuretics.

5- inhibitors of the RAAS,

6- inhibitors of the sympathetic nervous system

7-drugs that enhance activity of natriuretic peptides
contractility J/ a9 acute signs and symptoms aasis (4553 Il .decompensated heart faliure o8 dosiicu

8- Inotropic agents are reserved for acute signs and symptoms of HF and are used
mostly in the inpatient setting. clddit| o8 syl o gosdicg suls

fluid and Na retention Jaxis <3 NSAIDs JI s gane (10 al¥) GiliSeus ((nd gdSanll ((ndg il (55
9-Avoid nonsteroidal anti-inflammatory drugs (NSAIDs), alcohol, nondihydropyridine
lcium channel blockers, an me antiarrhythmic dr houl VOi if ibl




Inhibitors of the Renin—Angiotensin—
Aldosterone System

Angiotensin-converting enzyme inhibitors:

Output of
‘%w bulin hmodl sympathetic
nervous system
Vasodilation
of vascular
smooth muscle
Decreased
‘ preload and
M“'“u":"":‘:' afterload
g water
ACE inhibitors decrease
circulating levels of angio- ‘
tensin Il and inhibit degrad- t l
ation of bradykinin, which has bradykinin
the four major effects shown.

cardiac output




Inhibitors of the Renin-
Angiotensin—Aldosterone System

ANGIOTENSIN RECEPTOR BLOCKERS

Captopril cenericonty
Candesartan ATACAND EnalapsilvAsoTeC
Losa' tan COZAAR Fosinopril GENERIC ONLY
Telmisartan MICARDIS Lisinopril PRINIVIL, ZESTRIL

Quinapril ACCUPRIL
VG’SGI’ tan DIOVAN Ramlp"l ALTACE
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Actions of ACEls

ACE inhibitors decrease vascular resistance (afterload) and venous tone (preload), resulting in
increased cardiac output.

R . . . . _and norepinephrine
ACE inhibitors also blunt the usual angiotensin II-mediated increase in eplneprmne and

aldosterone seen in HF.

ACE inhibitors improve clinical signs and symptoms of HF and have been shown to significantly

improve

patient survival in HF. ACE |NH||T0RS
Captopril ceneric ony
Enalapril VASOTEC

Fosinopril ceneric oniy
Lisinopril PRINIVIL, ZESTRIL
Quinapril ACCUPRIL
Ramipril ALTACE




Therapeutic use

»~ACE inhibitors may be considered for patients with asymptomatic and symptomatic
HFrEF. ACE inhibitors or ARBs «23,: (heart faliure J risk factor saic 44 (uad (& ,kl Ls J9i

~ACE inhibitors are indicated for patients with all stages of left ventricular failure.

~These agents should be started at low doses and titrated to target or maximally
tolerated doses in the management of HFrEF.

~ACE inhibitors are also used in the treatment of hypertension .

cardiac olas yuay Gl (5520 (1553 sy Lo sy LY
heart JI o3 Jsliieg remodiling, hypertrophh

~Patients who have had a recent myocardial infarction or are at high risk for a
cardiovascular event also benefit from long-term ACE inhibitor therapy.




ACEls

Pharmacokinetics

Food may decrease the absorption of captopril, so it should be taken on an empty stomach.

active form of oral enalapril ora v

Except for captopr//and injectable enalaEr//at ACE inhibitors are prodrugs that require activation by
hydrolysis via hepatic enzymes ! hypertensive JI c¥La o8 dolukiod st &l enalapril B yeas bl alaiicl o8 cudla

ST ald A (Gleulll Giadi daa alazis .emergency
Adverse effects:

clua activation A/ s £l plie Y Y Laab
w1550~ pOstural hypotension, if used concomitantly with a diuretic

e - Renal insufficiency, . Serum creatinine levels should also be monitored, particularly in patients with
underlying renal diseasechronic kidney diseases J! &y )

»~Hyperkalemia, the risk of hyperkalemia, potassium levels must be monitored, particularly with

concurrent use of potassium supplements, potassium-sparing diuretics, or aldosterone antagonists
JI pladicel als £ gias yualis Lo o3 arare Lgi<ly fatal o ‘Z‘_.’JS_"_.‘ WS dia ouss L.Ass:' Ué:‘,)‘u C)S-Mji

Ui gzl ph Bradyldnin J1 1) e Juadlg @il Jas ole 39549 b Ll skl ACE inhibitor
“‘“*“*"“‘“‘“‘2‘1:%’ Persistent dry cough, and angioedema . s ;s sy anse Jorsiioie

29645 6 a3 (Sasg Ayl 4 alakiul
L5 ARBs JI (» angioedema olas yuas df dacud oany

08 7 J 4 aa3 A543 (Sasg revers
Uy sis Jgbl ey JAL (Sasg S

#+%% ACE inhibitors are teratogenic and should not be used in pregnant women.
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Dysgeusia:: more with captopril >>> reversible loss or alteration of taste sensation




Angiotensin receptor blockers

»Competitive antagonists of the angiotensin Il type 1 receptor

~ARBs have the advantage of more complete blockade of the actions of angiotensin Il. ﬁﬁ@ﬁz?%z‘%‘%ﬁ?ﬁﬁ
»ARBs do not affect bradykinin levels g o
»ARBs have actions similar to those of ACE inhibitors, they are not therapeutically identical.

»ARBs are a substitute for patients who cannot tolerate ACE inhibitors.

Actions

»Their actions on preload and afterload are similar to ACEis cardiac output 93932 oLl

»Their use in HF is mainly as a substitute in patients who cannot tolerate ACE inhibitors due to cough or
angioedema.

»Hypertension



Adverse effects

ARBs have an adverse effect and drug interaction profile similar to that of ACE inhibitors.

ARBs have a lower incidence of cough and angioedema.

Like ACE inhibitors, ARBs are contraindicated in pregnancy.
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Aldosterone receptor antagonists

e e Patients with HF have elevated levels of aldosterone due to angiotensin Il stimulation and reduced

Jadidy 35.- Las diver JI (i s> congestion ‘,s dale 9 HF JI Wa,a Lie
hepatic clearance of the hormone. Teducton in s reducton n hepatis functon g ot 1005 J5i
hepatic cleracne to aldesterone hormone

Aldactone awlbs S,20

steriod receptors (s 5 lac
Spironolactone and eplerenone are antagonists of aldosterone at the mineralocorticoid receptor,

thereby preventing salt retention, myocardial hypertrophy, and hypokalemia.

42 structure JI Y UL‘&“J‘GJI ‘9-‘-4‘9-4-‘@-\“‘;-\41-‘ Cay LS‘"’-’
* s Opironolactone also has affinity for androgen and progesterone receptors, and is associated with

clas gus painful 5s<sg males Jl s il pas 5 sLuill Menstrual period o alasad

endocrine-related adverse effects such as gynecomastia and dysmenorrhea.

Aldosterone antagonists are indicated in patients with symptomatic HFrEF or HFrEF and recent
myocardial infarction.

androgen and progesterone receptor M affinity s Lo oJLIL
Eplerenone is more selective for aldosterone receptors and causes less endocrine effects
(gynecomastia) than spironolactone, which also binds to progesterone and androgen receptors.




B-Blockers
These agents improved systolic function and reverse cardiac remodeling .
How??2211l

»Their ability to prevent the changes that occur because of chronic activation of the sympathetic
nervous system.

inhibition of RAAS system Jaxia goaxa
»These agents decrease heart rate and inhibit release of renin in the kidneys.

ym a elu:n hibilio MALQ.IIM
N JI G (lasy sy

»B-blockers prevent the deleterious effects of noreplnephrlne on the cardiac muscle fibers,
decreasing remodeling, hypertrophy, and cell death.

B-ADRENORECEPTOR BLOCKERS

Beta one selective Bisoprolol ceneric onwy
beta one and two and alpha one s J&idNon selective  Carvedilol COREG, COREG CR
seiective Metoprolol succinate TOPROL XL
Beta one selective Metoprolol tartrate LOPRESSOR




> Negative inotropic effect
treversing to cardiac remodeling clas g systolic function J/ (» Cavwa us L b

mortality and morbidity in heart faliure pateints J/ ¢S Beta blockers J/ 45l Gaag &ilealyudl

sympathetic nervous J/ &as actions H reversing | glass agal 3,48 adaac
sympathetic M chronic activation J/ (s | gllsa 1) aga? system
sympathetic nervous nervous system JI s 19,5cws <nervous system
sympathetic nervous J/ 4l Luld Lialg <beta one receptor JI e Lglaciy
progression of Jaxis oIl compensatory system J/ (s daa9 system
heart failure
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~B-Blockade is recommended for all patients with chronic, stable HFrEF

. I . . hypotension Jaz.s
» Carvedilolis a nonselective B-adrenoreceptor antagonist that also blocks a-adrenoreceptors,

whereas bisoprololand metoprolol succinate are 31-selective antagonists.

» Bisoprolol, carvedilol, and metoprolol succinate reduce morbidity and mortality associated with
HFrEF.

~Treatment should be started at low doses and gradually titrated to target doses based on patient
tolerance and vital signs

heart block yias (Sas 40y
~B-Blockers should also be used with caution with other drugs that slow AV conduction, such as
amiodarone, Verapamilrandidiltiazem

ngative inotropic effect aaaic
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Diuretics

Loop diuretics are the most commonly used diuretics in HF.

Diuretics reduce signs and symptoms of volume overload, such as dyspnea on exertion, orthopnea,
and peripheral edema. pulmonary edema slas yuas a0 L) 4 g&adg

Diuretics decrease plasma volume and, subsequently, decrease venous return to the heart (preload)
. This decreases cardiac workload and oxygen demand. Diuretics may also decrease afterload by
reducing plasma volume, thereby decreasing blood pressure.

Diuretics have not been shown to improve survival in HF, they should only be used to treat signs
and symptoms of volume excess



Loop diuretics

: 219 el : : :
Bumetanide , furosemide, torsemide , and ethacrynic acid

lasix :(s laill dacl

All of them act on ascending limb of the loop of Henle

These agents have the greatest diuretic effect of all the diuretic drugs (25% to 30% of
filtered NaCl)

The most commonly used is furosemide

The most potent Bumetanide & torsemide

Ethacrynic acid is not used frequently due to its side effects >>> most likely to cause

deafness
&awu (y]a88




ACETAZOLAMIDE

@ A carbonic anhydrase inhibitor that inhibits the reabsorption
of HCO; in the proximal convoluted tubule.

THIAZIDES AND THIAZIDE-LIKE

@® Inhibit reabsorption of Na* and CI” in the distal convol-
uted tubule, resulting in retention of water in the tubule.

@ Weak diuretic properties.

@ Most commonly used diuretic for the treatment of
hypertension.

Proxima
— convoluted -

. 1 e ] L7 tubule );5
SPIRONOLACTONE,
AMILORIDE,
TRIAMTERENE

® Spironolactone, an
aldosterone antagonist,

inhibits the aldosterone-

mediated reabsorption of
Na" and secretion of K.

® Amiloride and triamterene
block Na* channels.

BUMETANIDE, FUROSEMIDE,
TORSEMIDE, ETHACRYNIC ACID

@® The loop diuretics inhibit the
Na'/K'/2CI" cotransport in the
ascending loop of Henle, resulting
in retention of Na*, CI", and water
in the tubule.

® These agents can prevent
loss of K* that occurs with
thiazide or loop diuretics.

® These drugs are the most
efficacious of the diuretics.

Collecting
tubule and duct




Adverse effects:

55015 il olsasiical ol umy ola Other ototoxic drug o dissdicul g
Otoxicity: Reversible or permanent hearing loss may occur with loop diuretics, particularly when used in
conjunction with other ototoxic drugs (for example, aminoglycoside antibiotics)

Hyperuricemia: Furosemide and ethacrynic acid compete with uric acid for the renal secretory systems

causing or exacerbating gouty attacks gaout attack agllaci clia (Sas Guyill oudys Miad

Acute hypovolemia

Potassium depletion: The heavy load of Na+ presented to the collecting tubule results in increased
exchange of tubular Na+ for K+, leading to the possibility of hypokalemia. The loss of K+ from cells in
exchange for H+ leads to hypokalemic alkalosis.

Hypomagnesemia:

Chronic use of loop diuretics combined with low dietary intake of Mg2+ can lead to hypomagnesemia,
particularly in the elderly
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digoxin J/ aladdicul J3 agaseas
Sacubitril/valsartan

»Sacubitril/ valsartan combines the actions of an ARB with neprilysin inhibition.

~Inhibition of neprilysin results in increased concentration of vasoactive peptides, leading to
natriuresis, diuresis, vasodilation, and inhibition of fibrosis.

»Together, the combination decreases afterload, preload, and myocardial fibrosis.

»An ARNI improves survival and clinical signs and symptoms of HF, as compared to therapy with an

ACE inhibitor
Intresto

» Sacubitril/ valsartan is orally active, administered with or without food, and quickly breaks down
into the separate components. Sacubitrilis transformed to active drug by plasma esterases.
Prodrug



Adverse effects
»similar to that of an ACE inhibitor or ARB.

»Hypotension is more common with an ARNI.

»Due to inhibition of neprilysin with sacubitril, bradykinin levels may increase and angioedema may
occur.

»Therefore, the combination is contraindicated in patients with a history of hereditary angioedema
or angiodema associated with an ACE inhibitor or ARB. To minimize risk of angioedema, s s - secte eacion

JU3N«.<3-‘L)SM3| rynx dsph ry Jlslmb Hy
DAL Gigang Bading Gudlil (o g Ll

»An ACE inhibitor must be stopped at least 36 hours prior to starting sacubitril/valsartan.
ARNI JI &3 compination J/ (usi Le a3 (Jas aals bradykinin JI (e Lals ol=d) ol levels JI (lds
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Hyperpolarization-Activated Cyclic Nucleotide—Gated
Channel Blocker

Ifchannel of SAN of the Heart

</ —lvabradine
ivabradine Selectively blocks the 1f channel

B .1.

HCN channels create the diastolic depolarization or “funny
pacemaker current (k) of the sinoatrial node, so termed

because it is uniquely activated by the membrane




I Vabr a d i n e HR J/ J3ua oJLILSA node J/ &3 depolarization M slowing Jass

Actions

By selectively slowing the If current in the SA node, reduction of heart rate occurs without a reduction in
contractility, AV conduction, ventricular repolarization, or blood pressure.
In patients with HFrEF, a slower heart rate increases stroke volume and improves symptoms of HF.

contractility J/ (yuaia
Therapeutic use

Ivabradine is utilized in HFrEF to improve symptoms in patients who are in sinus rhythm with a heart rate
above 70 beats per minute and are on optimized HF pharmacotherapy.

Specifically, patients should be on an optimal dose of B-blocker or have a contraindication to B-blockers.
. . 9 8igns suis still g HF JI Caasi agriagui JS (ods agaciio ol (b pall ddaas (las
Pharmacokinetics Al Lol 9 iasi HR JI ode slaseal 5ul3 (s SHill 9 symptoms

Ivabradine should be administered with meals to increase absorption.



Adverse effects

»Bradycardia may occur with ivabradine, which may improve with dose reduction.

> It has been shown to increase the risk of atrial fibrillation.

» Ivabradine inhibits similar channels in the eye, and luminous phenomena may occur early in
therapy. This enhanced brightness may be ameliorated by dose reduction.

» Ivabradine should not be used in pregnancy or breast-feeding, with more advanced heart block, or
with potent 3A4 inhibitors.



Drugs for heart
failure part 2
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prepheral vessels J/ s mainly aglad

Vaso- and Venodilators

~Dilation of venous blood vessels leads to a decrease in cardiac preload by

increasing venous capacitance. T N
Potent vasodilator

Sisi veins JI ole jisi Lglacd

wissizesz > Nitrates are commonly used venous dilators to reduce preload for patients
W|'[h ChroniC H F,potent vasodilator (¢ 5)lic ga9 Nitric oxide Lgiayi metabolizm JI dalac (e @it de gans (4 8ylas

Nmaten 5 as - Arterial dilators, such as hydralazine , reduce systemic arteriolar resistance and

hypertensive emergency JI &¥la (o paddieus

decrease afterload. NO

» If the patient is intolerant of ACE inhibitors or ARBSs, or if additional vasodilator

response is required, combination of hydralazine and isosorbide dinitrate may be
used. Nitrate J/ ols Lo

» A fixed-dose combination of these agents has been shown to improve symptoms
and survival in black patients with HFrEF on standard HF treatment (B- blocker plus
ACE inhibitor or ARB).

hypotenstion: headache, dizziness Jax: |, sssi vasodilation (glass £/9a (51
» Headache, dizziness, and hypotension are common adverse effects with this
combination. Rarely, hydralazine has been associated with drug-induced lupus sszsu

‘ H ‘ ‘ ‘ ” e ‘



positive inotropic effects agdl oaxa

Inotropic Drugs

»Positive inotropic agents enhance cardiac contractility and, thus, increase cardiac
output. heart Ji 34, caa Lyl ua ccontractility JI 952 of cio 98

»Although these drugs act by different mechanisms, the inotropic action is the result of
an increased cytoplasmic calcium concentration that enhances the contractility of
cardiac muscle.

» All positive inotropes in HFrEF that increase intracellular calcium concentration have

been associated with reduced survival, especially in patients with HFrEF.
mortality J/ a9

»For this reason, these agents, with the exception of digoxin, are only used for a short
period mainly in the inpatient setting.
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Digitalis glycosides

<*The drugs come from the digitalis (foxglove) plant

Ayl oy yA0 ladig oiny
“*The digitalis glycosides have a low therapeutic index

<*The most widely used agent is digoxin. Digitoxin is

seldom used due to its considerable duration of action
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lon movements during the
contraction of cardiac muscle.

Ca®" is removed by req.ﬂtakg into the sarco-
plasmic reticulum and by extrusion from the

cell by a Ca®?*/Na* exchange.

Voltage-sensitive Na+*/Ca?* Na+*/K*
slow Ca2+* channel exchange ATPase
Ca2* Ca?** Na* 2Na* K*

""iii‘;ﬁ‘:’iﬂ? 7Y O CU A LA AL U A L LIULE ST PP

m“ﬁgll_‘r ][ l“‘l : .' ' Il i g l l" ' ‘.', 2 1€ ff) nSodiumbalanceis
N . N I i s restored by Na*/K*

- ATPase.

Ca2* $» ca?* Na* P 2Na* K*

Ca?* stores

(sarcoplasmic
reticulum)

<

Free Ca®*

Ca?* entry from outside the cell
n triggers the release of a much

larger quantity of Ca?* from the
sarcoplasmic reticulum.

=

Increased Ca®* concentration
initiates the contractile
process.
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Mechanism of action of digoxin

Digoxin inhibits
Na*/K* exchange

The concentration of intracellular Na*
increases, and the concentration gradient
across the membrane decreases.

Increased Na* decreases the driving force for the

[(— > B Na'/Ca?*exchanger, so there is decreased

extrusion of Ca* into the extracellular space.




Increased contractility of the cardiac muscle:

Increases the force of cardiac contraction, thereby cardiac output

Increasing cardiac ouput, improves circulation .It has vagomimetic action so heart rate
J! &3 conduction H basyi Jaxs oI ) vagus nerve JI o

and myocardial oxygen demand decrease conduction Jis HR Ji L as action Ji s34 3¢5 (heart

Digoxin slows conduction velocity through the AV node, making it useful for atrial
fibrillation

Neurohormonal inhibition:

low-dose digoxin inhibits sympathetic activation with minimal effects on contractility
ca JI 3uly) 94 Lusa Lo () b ) 001 LY



“*Therapeutic uses
Digoxin therapy is indicated in patients with severe HFrEF after initiation of ACE inhibitor, B-blocker,

and diuretic therapy
Atrial fibrillation

<»Pharmacokinetics
o : : IV :
“*Digoxin is available in oral and injectable formulations

orally Ji Less 3 inotropic effect of digitalis takes hours to develop, even after i.v. administration.
«Jlaa asiyia g tissues JI Jsa Jaas

“+large volume of distribution, because it accumulates in muscle  iong hait life wi sl sf stag
4l 40 J 30 (o o g
“»The dosage is based on lean body weight

“*Digoxin has a long half-life of 30 to 40 hours

“*requiring dose adjustment in renal dysfunction as it is excreted unchanged in urine by glomerular
il Y9 inactivation s ¥ (92 Lo (55 Jia imetabolism dlyuas Lo

filtration



GIT J/ 2 «dl adverse effect Jgi

Adverse effects

“*very narrow therapeutic index, and digoxin toxicity is one of the most common adverse
drug reactions leading to hospitalization

“*Anorexia, nausea, and vomiting may be initial indicators of toxicity
<»Patients may also experience blurred vision, yellowish vision (xanthopsia)
<»cardiac arrhythmias due to hyperkalemia (increase extracellular potassium)

“*Severe toxicity resulting in ventricular tachycardia may require administration of
antiarrhythmic drugs and the use of antibodies to digoxin (digoxin immune Fab), which
bind and inactivate the drug



Beta one and two receptors J/ |95

B'Ad re n e rg | C a g O n | StS positive inotropic effect (s 5,Lac

vasodilation Jazss mainly oJi g2

Dobutamine and Dopamine, improve cardiac performance by causing positive inotropic

svasodilation (i

effects and vasodilation.seta wo i wie gLas 1t Laa agsy

B-Adrenergic agonists ultimately lead to increased entry of calcium ions into myocardial
cells and enhanced contraction .

Both drugs must be given by intravenous infusion and are primarily used in the short-
term treatment of acute HF in the hospital setting

Jaria Ll [9ang B puds Ay suie ol oiny dose JI ol L Jiidia dopamine JI -
renal perfusion J/ (s (suaigsd (renal vessels H vasodilation

positive inotropic effect JI Jaxdis dlacy gil | deyall -

alpha JI ols Jaidin deyaldl Lag) Lo S oa2a alpha receptors JI e Jadioiis dalladf de ol -
vasoconstriction olaxiag receptor



Voltage-sensitive
slow CaZ* channel

3

Phosphorylation of calcium
channels increases calcium
flow into the cell, causing
increased force of contraction
of heart muscle.

Binding of a [i-adrenergic agonist,
such as dopamine or dobutamine,

activates adenylyl cyclase, which
produces cAMP.

2 cAMP activates protein kinase, e, e llh::l‘t.m *
which in turn phosphorylates \ (milrinone)
calcdium channels.

Phosphodiesterase inhibitors prevent
hydrolysis of cAMP and thus prolong
the action of protein kinase,




AMP J cCAMP I J g3 (3 3 (LAl JAT 35299 an3sl o€ 5ylse oA

Phosphodiesterase |nh|b|tors

“*Milrinone is a phosphodiesterase inhibitor that increases the Binding of a [i-adrenergic agonist,
intracellular concentration of cCAMP . A denyirs Cpciant, WAiCH

“+Like B-adrenergic agonists, this results in an increase of
intracellular calcium and, therefore, cardiac contractility.

“*Long-term, milrinone therapy may be associated with a
substantial increased risk of mortality. «dbiull o padiea

Glall o8 JsLiis suis (IS ol Lo guni
“*However, short-term use of intravenous milrinone is not
associated with increased mortality in patients without a
history of coronary artery disease.

osphodiesterase inhibitors prevent
drolysis of cAMP and thus prolong
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Recombinant B-type Natriuretic

Pe p't | d e d2. receptor J/ oo Jadiis natriuretic peptide JL dasds Sy | g2us

~In acute decompensated congestive HF, drugs that reduce preload result in improvement in HF
symptoms such as dyspnea.

»When IV diuretics are minimally effective, a recombinant B-type natriuretic peptide (BNP), or
nesiritide, can be used as an alternative.

»Through binding to natriuretic peptide receptors, nesiritide stimulates natriuresis and diuresis and
reduces preload and afterload.

lgi dsya

Nesiritide is administered intravenously as a bolus (most often) and continuous infusion.

Like endogenous BNP, nesiritide has a short half-life of 20 minutes and is cleared by renal filtration,
cleavage by endopeptidases and through internalization after binding to natriuretic peptide
receptors.

The most common adverse effects are hypotension and dizziness, and like diuretics, nesiritide can






Antianginal Drugs
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Anti-anginal Drugs
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R
B-BLOCKERS

Atenolol TENORMIN
Bisoprolol cenric ony

Metoprolol LOPRESSOR, TOPROL XL NITRATES
Propranolol INDERAL, INNOPRAN XL Nitroglycerin MINITRAN, NITRO-DUR,
CALCIUM CHANNEL BLOCKERS NITROSTAT

(DIHYDROPYRIDINES) Isosorbide dinitrate DIl ATRATE-SR,
Amlodipine NORVASC ISORDIL

Felodipine PLENDIL Isosorbide mononitrate ceneric onty
Nifedipine ADALAT, PROCARDIA SODIUM CHANNEL BLOCKER

CALCIUM CHANNEL BLOCKERS Ranolazine RANEXA
(NONDIHYDROPYRIDINE)

Diltiazem CARDIZEM, CARTIA, TIAZAC
Verapamil CALAN, VERELAN




CLASSIFICATION

1. Nitrates

(a) Short acting: ‘Glyceryl trinitrate (GTN,
Nn?oglyccn'nc)

(b) Long acting: Isosorbide dinitrate (short
acting by sublingual route), Isosorbide
mononitrate erly)

2. B Blockers Propranolol, Metoprolol, Atenolol

and others.

3. Calcium channel blockers

(a) Phenyl alkylamine: Verapamil

(b) Benzothiazepine: Dilazem

(¢) Dihydropyridines: Nifedipine, Felodipine,
Amlodipine, Nitrendipine, Nimodipine,
Lacidipine, Lercamidipine, Bemdipine

4. Potassium channel opener Nicorandil




Nitrates

**All organic nitrates share the same action; differ only in time course.

"*Preload reduction ; It is through their action on peripheral veins that nitrates exert major

beneficial effects in classical angina. Nitrates dilate veins more than arteries
stabe

y Jecvarse Llsed pressuve

“ Afterload reduction:(Nitrateslalso produce some arteriolar dilatation -> slightly decrease total
peripheral resistance (t.p.r.) or afterload on heart; BP falls.

“*With usual doses there is no reflux tachycardia

rwﬁ:mm} efhet =
“*With high doses,(reflux tachcardiayccurs and this would exacerbate angina
Lo 2otk BP <L feald ity
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X Nitrates

Venodilators

(sys.terT.\iC Coronary
vaodilation) vasodilators

Modest
arteriolar
dilators




A

* Venodilation >>> lowers preload ( left
ventricular end diastolic pressure) >>>
reduces wall stress >>> decrease
myocardial oxygen demand

* Coronary vasodilator>>> relieve ischemia

» Vasospastic angina>>> reduce or reverse
coronary vasospasm



Mechanism of relief of angina: due to the relaxant effect on large coronary vessels and therby

increasing blood supply to the ischemic heart Nasedilodation o & &

' elaxeion A cacerety usssels
By decreasing the work on heart Helxalion 4 daermy

Mechanism of action::

Organic nitrates are rapidly denitrated enzymatically in the smooth muscle cell to release the
reactive free radical nitric oxide (NO)

All nitrates share the same action but differs pharmacokinetically



Y Nitrates

* Nitrates in the form of sublingual preparation
are the first line therapy for the treatment of
acute anginal symptoms

* Patients should be instructed to use them at
the onset of the attack

* Longer acting nitrates are added to beta
blockers or calcium channel blockers to

control angina.



Juration J{/onsd’ J «3}5,«-{2 (?%;inp-%l

Pharmacokinetics -

“*Nitrates are lipid soluble: well absorbed from buccal mucosa, intestines and skin
‘e(«\- fass m\'ahlism“vjﬁ-‘yp}S\ ot Slest c,é_-jb Hes

- . . . . GTN) . 1 . . - ']
“* Hepatic metabolism is extensive for nﬁroglycenn &isosorbide dinitrate)— isosavbide mome witwat=
fadlets atopaze f vs6 sorbide ymenenitvate -

**Isosorbide mononitrates has the highest bioavailability and the least first pass metabolism

“*GTN short-acting from sublingual but isosorbide dinitrate longer-acting from oral route

o I T

Half life 2 min 40 min 4-6h
Bioavailability <1% 20% 100%

Route of

rﬂlwue@f liver oy 2o\ SuLl:;ju,q\

N WO TN SNBSS Lols el RisavailabilbyiiSlas
L2 Youte

g~ Fi metubslism in liver




headache
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Jes- &/ effect .fJfﬁ o & (d" N tite.

Headache is the most common adverse effect of nitrates
vad &7
Fullness in head, th robg)n headache; some degree of tolerance develops on continued use:

(‘J\ 4,\ S ""a’efaumefm

Flushing, weakness, sweating, p _p\tatuon dizziness and fainting; these are mitigated by lying
down  hyprensin g 2 &l <—J

pensive eflect g -Gmidite paeloliia U

Drug Drug interactions >>>>>>> with pﬂ‘)‘sphodlest rase type 5 inhibitors such as sildenafii v:'?j rq)
&/Wl ‘lator) i ”‘""“"’P“’
Tolerance:::: SSieve fulwenar hyperfessi
¥
 Attenuation of haemodynamic and anti-ischaemic effect of nitrates occurs in a dose and

duration of exposure dependent manner if they are continuously present in the body

" Tolerance weans off rapidly (within hours) when the body is free of the drug

“To prevent nitrate tolerance is to provide nitrate free intervals everyday

Pl al, a0 Q_F,.h £ %/ o Ju MP"D 12 how's —» ™ h:'fc % r’b“
s 3 Slono, f")"
vv gl “L'ft 3 2 = SO g JeSens\‘\'lzcc‘h”‘Jz"l'J‘”’ ’/’/""/) r'_}l 4 WJ
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Sodium channel blocker

Ranolazine inhibits the late phase of the sodium current, improving the oxygen supply and
demand. binition o0 de plerizutivn

Its considered anti angina and anti arrhythmic

It has many drug drug interactions, also it prolongs QT interval

—————

J
b gepes SN
AoV c}_?’..l c.l;;l;' ":;Jﬁ
pro)orj QT Jteeval




A Nicorandil

* Potassium channel activator

* |t has an arterial and venous dilator and
improves coronary blood flow due to
potassium channel opening and nitrate
effect

* Can protect the heart from subsequent
ischemic attacks



S $2 da9a¥l 0ia gualas Hyperlipidemia adaie (ol (s (iss
saan Ol das (2l gil| Lo g (diabetes JI w30
a1 antilipidemic agent «laas (<40 .cardiovascular disease

statins JI 4c gano o2 dc gans

Drugs for
Hype rl Pl demia -z

elevation in cholesterol level
medical condition characterised by increasing of one or (s 3L
more plasma lipids (triglycerides, cholesterol, LDL , VLDL)

cardiovascular diseases Jaxis ol risk factors JI aai (o

Hypercholesterolemia: cholesterol leve J/ s 30Ly)
Hypertriglyceridemia: «adall (gadull o8 30l)




uae oz (pleotropic effect Lasic agent Lgsacuis g (s a1 241 g8 Ll
other effects Lasie (<lg dipid JI H&5 LAl oeuld | effect JI Lgdl (s

3-Hydroxy-3-methylglutaryl coenzyme A
(HMG CoA) reductase inhibitors

oLy wiaasiGtating (Soa1 33198 Lgdl (Lasy (lipid ( triglyceride, cholesterol,..) JI JHais starins J/ 4c gano

First-line treatment for patients with elevated risk of ASCVD Atheroscelerosis cardiovascular disease

. . Lgll cracking JI &igaa gaalis . X
Therapeutic benefits include plaque sgtatflh?z?tlon, improvement of coronary endothelial

complex (s 3,Lsc Arteriosclerosis J/ cudla

function, inhibition of platelet thrombus formation, and anti-inflammatory actiVity wspiaue udeposion s srocess

8o duwdl ula carterial wall 3 choleterol J

oxidation J/g inflammation J/ (s dalas

Atorvastatin, lovastatin, simvastatin, pravastatin, Fluvastatin, pitavastatin, rosuvastatin

Mechanism of action

competitive inhibitors of HMG CoA reductase, the rate-limiting step in cholesterol synthesis

In the liver

Depletion of intracellular cholesterol causes the cell to increase the number of cell surface
LDL receptors that can bind and internalize circulating LDLs

plasma cholesterol is reduced, by both decreased cholesterol synthesis and increased LDL
catabolism



Increased number
of LDL receptors
promotes uptake
of LDL from blood.

— T —

BLOOD wl

PLASMA MEMBRANE Low intracellular
cholesterol
stimulates the
synthesis of LDL cholesterol Ji salis g ad iy
Catabolism for LDL
l%"f ‘51‘;
oC
cO%
Cholesterol
A
A
Receptor :
\ —— Ribosome Mevalonic acid Low intracellular
A cholesterol decreases
’ the secretion of VLDL.

CoA ‘-,E',* 2 NADPH + 2H"

»

ge <wmwes  HMG CoA reductase inhibitors

"

ENDOPLASMIC RETICULUM L
rate limiting step Jyi

Statins inhibit HMG CoA reductase,
leading to a decreased concentration

po- 2 NADP*
cholesterol within the cell.
roftw HMG CoA —¢— —«— Acetate




K;J

Cl\ybo;knn

CM remnants bind to

specific receptors on
the liver, where they are

endocytosed.
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(0 (950 mainly ga Y VLDL = very low density lipoprotein
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Pharmacological actions:

Mainly decrease LDL , decrease TG, and may increase HDL
The most potent : atorvastatin, rosuvastatin, pitavastatin
~zzizzless potent; simvastatin, pravastatin, Fluvastatin, lovastatin

Therapeutic uses:

All types of hyperlipidemias

Familial hypercholesterolemia lack LDL receptors
genetic dscis sula



Pharmacokinetics:

Lovastatin and simvastatin are prodrugs

All statins are metabolized in the liver, with some metabolites retaining activity.
Excretion takes place principally through bile and feces, but some urinary elimination

dose M adjusment Jaxa Ls (942 crenal disfunction J/ (o ageadios judis 4907 s (o caa Gl

The best

Characteristic Atorvastatin Fluvastatin Lovastatin Pitavastatin Pravastatin Rosuvastatin Simvastatin
Serum LDL cholesterol

reduction produced (%) 55 24 34 43 34 60 41

Bl oghyns| Serum triglyceride
LDLJIos| reduction produced (%) 29 10 16 18 24 18 18

Serum HDL cholesterol

increase produced (%) 6 8 9 8 12 8 12
Plasma half-life (h) 14 1-2 2 12 1-2 19 1-2
Penetration of central

nervous system No No Yes Yes No No Yes

Renal excretion of
absorbed dose (%) 2 <6 10 15 20 10 13




acute g cardiovascular diseases adsas (g5 (ol (o d) J 9ad
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Adverse effects:

Elevated liver enzymes

Eanlls £a99 (A9 Jars skeletal muscles J'g\-é_,:ﬁu-ls.:i o )
Myopathy and rhabdomyolysis (disintegration of skeletal muscle;
risk factors J/ 034 oy aalg jisi

Simvastatin is metabolized by cytochrome P450 3A4, and inhibitors of this enzyme may
increase the risk of rhabdomyolysis ( Creatine kinase levels)masiom

rhabdomylosis and myopathy aduis (oIl bkl (o8 (ol (H55s

These drugs are contraindicated during pregnancy and lactation



RHABDOMYOLYSIS

ELEVATED CREATINE

MUSCLE TISSUE BRERKDOWN WITH KINASE (CK) LEVELS
RELEASE OF INTRACELLULAR CONTENTS
(MIOGLOBIN) INTO CIRCULATION

MYOGLOBIN MAY OCCLUDE THE STRUCTURES OF THE KIDNEY
AND BREAK DOWN INTO TOXIC COMPOUNDS LEADING TO
ACUTE TUBULAR NECROSIS OR ACUTE RENAL FAILURE

AND WEAKNESS
DUE TO TRAUMA

WWRNMECCCMIZ.C0OWN AU JORLE WLHR




Niacin (nicotinic acid): Vitamin B3
Reduce LDL-C by 10% to 20% and is the most effective agent for increasin

lowers triglycerides by 20% to 35%

Mechanism of action: inhibits lipolysis in adipose tissue,

thereby reducing production of free fatty acids
Reduce VLDL production & therefore LDL levels

Therapeutic uses: familial hyperlipidemias,Hypertriglyceridemia

Pharmacokinetics: It is converted in the body to nicotinamide,

which is incorporated into the cofactor nicotinamide adenine dinucleotide

(NAD+)

ADIPOSE
TISSUE




Adverse effects:

The most common side effects of niacin are an intense cutaneous flush (accompanied by
an uncomfortable feeling of warmth) and pruritus

Aspirin??? side effects JI Has (niacin J/ o doudiul ol
Nausea, abdominal pain

Sustained-release formulation of niacin reduces bothersome initial adverse effects.
Niacin inhibits tubular secretion of uric acid and, thus, predisposes to hyperuricemia and gout.
Impaired glucose tolerance and hepatotoxicity have also been reported.

The drug should be avoided in hepatic disease.



F | b I'at eS triglycerides J/ o3 daniis

Fenofibrate and gemfibrozil are derivatives of fibric acid that lower serum
triglycerides and increase HDL levels.

Fenofibrate is more effective than gemfibrozil in lowering triglyceride levels.

Fibrates also increase the level of HDL cholesterol by increasing the
expression of apo Al and apo Alll

oA HDL JI gieas dlas (o3 j9us | gty
MOA:

The peroxisome proliferator—activated receptors (PPARs) are members of the
Jaxi L3l DNA JI ole (ool JSuis (1953 Ll receptors Ji (s s ds gans

nuclear receptor family that regulates lipid metabolism s s estaaion i

I3 Lal DNA JI (08
(s gene expression J inhibition Jaxis gi (2 gene expression (o3 3ub)

Upon binding to their natural ligands (fatty acids or eicosanoids) or
antihyperlipidemic drugs, PPARs are activated

increased expression of lipoprotein lipase and decrease expression of apo Cll|

By 9990 (95 (oI triglyceride Jf dud (o JEL cliag triglyceride JI g level JI Jaldl (o8 590 oaly
LDL JI (o8 31 dacsia g Chylomicron Jig VLDL JI (o8 8 yaas

Lipoprotein
lipase

Free fatty
acids




Therapeutic uses

Hypertriglyceridemias
Hyperlipidemia

Pharmacokinetics

Fenofibrate is a prodrug, which is converted to the active moiety fenofibric acid
undergo extensive biotransformation and are excreted in the urine

Adverse effects

gastrointestinal (Gl) disturbances ( most common)

Gallstones...Myositis ....



Myopathy and rhabdomyolysis have been reported in patients taking gemfibrozil and
statins together warfarin J/ g effect J/ 19995 o9

The use of gemfibrozil is contraindicated with simvastatin.rabdomyolysis Jis myopathy Ji 1stass cais jisi

Both fibrates may increase the effects of warfarin. INR should, therefore, be monitored
more frequently when a patient is taking both drugs.

Fibrates should not be used in patients with severe hepatic or renal dysfunction or in
patients with preexisting gallbladder disease



polaiol ddyuan olis Log ONAAIL s 7 9539 Cholesterol JLs clevay (ool

Bile acid—binding resins

< significant LDL cholesterol- lowering effects<<< statins

“*Cholestyramine, colestipol , and colesevelam

+»*Mechanism of action::

Small intestine J/ &3
“*Anion-exchange resins that bind negatively charged bile acids and bile salts in the
small intestine

“*resin/bile acid complex is excreted in the feces, thus lowering the bile acid
concentration

“*Hepatocytes then increase conversion of cholesterol to bile acids, which are essential
. Ml o8 (ol LDL JI aaews Lo oy
components of the bile SRR S B



Therapeutic uses::
The bile acid—binding resins are useful often in combination with diet or niacin for
treating type type IIA and type IIB hyperlipidemias

aall o bile acid JI 3uly) caseus
Cholestyramine can also relieve pruritus caused by accumulation of bile acids in
patients with biliary stasis.

Colesevelam is also indicated for type 2 diabetes due to its glucose-lowering effects.
Clinically «osaicuis Lo dal o



Pharmacokinetics

Bile acid sequestrants are insoluble in water and have large molecular weights

Neither absorbed Nor metabolized ,,, totally excreted in feces

Adverse effects:

Gl disturbances, such as constipation, nausea, and flatulence
Colesevelam has fewer Gl side effects
They impair the absorption of the fat-soluble vitamins kalils &l i (nSls | 99

They interfere with the absorption of many drugs (for example, digoxin, warfarin, and

These agents may raise triglyceride levels and are contraindicated in patients with
significant hypertriglyceridemia (=400 mg/dL)



LDL JI canews 1y liver Ji oLl

Cholesterol absorption inhibitor

Ezetimibe selectively inhibits absorption of dietary and biliary cholesterol in the small
intestine, leading to a decrease in the delivery of intestinal cholesterol to the liver.

This causes a reduction of hepatic cholesterol stores and an increase in clearance of
cholesterol from the blood.

Ezetimibe lowers LDL cholesterol by approximately 17%.

Patients with moderate to severe hepatic insufficiency should not be treated with
ezetimibe.

Adverse effects are uncommon with use of ezetimibe
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PCSK9 inhibitors (Proprotein convertase
subtilisin kexin type 9 inhibitors)

Monoclonal anti ibodies
Evolocumab

Without PCSK9 inhibition With PCSK9 inhibition
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Alirocumab




When combined with statin therapy, PCSK9 inhibitors provide potent LDL-C lowering (50% to
70%).

They may also be considered for patients with high ASCVD risk and statin intolerance.

PCSK9 inhibitors are only available as subcutaneous injections and are administered every two
to four weeks.

The most common adverse drug reactions are injection site reactions, immunologic or allergic
reactions, nasopharyngitis, and upper respiratory tract infections.
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