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Anatomy of the Heart
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DEFINITION

* |Ischemic heart disease (IHD) is defined as a lack of
oxygen and decreased or no blood flow to the
myocardium resulting from coronary artery narrowing or
obstruction.

 IHD may present as an acute coronary syndrome (ACS,
which includes unstable angina and non-ST-segment
elevation or ST-segment elevation myocardial infarction
[MI]), chronic stable exertional angina, ischemia without
symptoms, or ischemia due to coronary artery
vasospasm (variant or Prinzmetal angina).

* Relatively severe stenosis (greater than 70%) may
provoke ischemia and symptoms at rest, whereas less
severe stenosis may allow a reserve of coronary blood
flow for exertion.
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Vitamins & Antioxidants
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CLINICAL PRESENTATION

Many episodes of ischemia do not cause symptoms
(silent ischemia).

Patients often have a reproducible pattern of pain
that appear after a specific amount of exertion.

Increased symptom and symptoms at rest suggest
an unstable pattern that requires immediate medical
evaluation.

Symptoms may include a sensation of pressure or
burning over the sternum or near it, which often
radiates to the left jaw, shoulder, and arm.

Chest tightness and shortness of breath may also
occur.

The sensation usually lasts from 30 seconds to 30
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Precipitating factors

exercise

cold environment
walking after a meal
emotional upset
fright

anger

and coitus.
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Differential Diagnosis
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Important aspects of the clinical history include the
nature or quality of the chest pain, precipitating factors,
duration, pain radiation, and the response to nitroglycerin
or rest.

The patient should be asked about existing personal risk
factors for CHD including smoking, hypertension, and
diabetes mellitus.

A detailed family history should be obtained .

Cardiac enzymes should all be normal in stable angina.
Troponin T or I, myoglobin, and creatinine kinase MB
may be elevated in nunstable angina.

ECG

Exercise tolerance (stress) testing (ETT)
Radionuclide angiocardiography

Ultrarapid computed tomography
Echocardiography

Cardiac catheterization and coronary angiography

Dr. Lama Youssef, Clinical 29
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TREDMILL EXCERSISE TESTING

Blood Nurse checks
pressure blood pressure

Electrocardiogram (EKG)
recorded on a machine

Electrodes
attached
{0 chest

Electrodes
connected
{0 a machine —

Patient
walking
on treadmill
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9 stable angina iiaall GUAN G 45 e
Unstable Angina il

Stable angina Unstable angina

g ~—

Pathophysiology * Fixed stenosis * Dynamic stenosis
Clinical features * Demand-led ischaemia * Supply-led ischaemia
*» Related to effort » Symptoms at rest
* Predictable * Unpredictable
» Symptoms over long term » Symptoms over short term
Risk assessment * Symptoms on minimal exertion * Frequent or nocturnal symptoms
*» Exercise testing » ECG changes at rest
Duration of exercise * ECG changes with symptoms
Degree of ECG changes * Elevation of troponin

Abnormal BP response

© Elsevier. Boon et al.: Davidson's Principles and Practice of Medicine 20e - www.studentconsult.com
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Prinzmetal’s angina (vasopastic or variant JUisa M 52 AL .
angina)
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Patients with variant or Prinzmetal angina secondary to coronary
spasm are more likely to experience pain at rest and in the early
morning hours. Pain is not usually brought on by exertion or
emotional stress nor is it relieved by rest; ECG pattern is that of
current injury with ST-segment elevation rather than
depression.
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DESIRED OUTCOME

* The short-term goals of therapy for IHD
are to reduce or prevent anginal
symptoms that limit exercise capability and
Impair quality of life.

 Long term goals are to prevent CHD
events such as MI, arrhythmias, and heart
fallure and to extend the patient’s life.

Dr. Lama Youssef, Clinical 48
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RISK-FACTORS
MODIFICATION
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hypertension
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hyperlipidemia
smoking cxal
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sedentary lifestyle
obesity 4l
diabetes Sl
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Therapy 4alaal

41 gal) Aaaal
PHARMACOLOGIC
THERAPY

Stable angina
B-Adrenergic
Blocking Agents
Nitrates

Calcium Channel
Antagonists

Un-Stable angina
Aspirin& Heparin
Skl g )
Nitrates

i gl ) puals

4 SaAlllal/llb

Myocardial
Infarction

Thrombolysis +
Aspirin
B-blockers & Ca
channel blockers

ACEid, insulin,
antldepressints
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« Coronary artery
bypass grafting
(CABG)
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TREATMENT

RISK-FACTORS MODI

FICATION JMdaid¥) Jal ge Jyaas

Uncontrollable/Unalterable Controllable
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Coronary artery bypass grafting (CABG)

Aglls) Al pd 3 SUhafd e £

¥ Internal mammary
artery bypass graft
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& Elsevier. Boon et al.: Davidson's PrRElbfé%%rY&"ﬁ%gﬁg?%lclne 20e - www.studentconsult.com
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Angioplasty
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Calcium

Nitrates Channel Blocker

Venodilator . 4 Arteriodilator
o pre'oad - Cardiac work - afterload
+ ) | Coronarydilatation I =
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Heart rate reduction
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Myocyte — Coronory artery
* Reduced oxygen demand * Prolonged diastolic perfusion time

* Maintained viability * Improved coronary flow velocity reserve} %

L )

Increased ischaemic threshold

}

Less angina
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Nature Reviews | Cardiology



Balance of myocardial O,-supply/O,-demand

Q Demand

Supply
e Heart rate e Heart rate
& Oxygen content ® Contractility
of blood e Afterload

e Coronary perfusion e Preload
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« There are three main sub-types of beta-

adrenoceptors:

- Beta,-adrenoceptors (75%) are located In the

heart

* Beta,-adrenoceptors are located In vascular

and bronchial smooth muscle

* Betas-adrenoceptors are located on
adipocytes and are thought to be involved with

.« fatty acid metalbah & vousset, ciinica
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« Beta-blockers are classified according to their adrenoceptor
binding affinities the degree of which varies within each class.

Figure 1. Classification of beta-blockers into three generations

B-Adrenergic Receptor Antagonists

Nonselective CARDIOSELECTIVE

First-Generation Third- Generatnon

. TS -

R T . '\ Nonselective ‘.'\ B,-Selective |
P « Nadolol e PR SPSYER RS SR PESRETO SRS

| » Oxprenolol ; AT SR S Te0 T L roree e ST GBI :
s - Penbotalol ' ; - Acebutolol ' ‘ . d ¥
e ! ' i ' - Carteolol ' - L &}
s » Pindolol ; E - Atenolol {1l . Carvedilolt : Betaxolol P
P * Propranolol : ' * Bisoprolol ' | ' .labetalol* ! i * Nebivolol HE

E - Sotalol ; : + Esmolol §i i Vrpeeatsedsimesse™  Nessemssesseeeeed 3
s ! * Timolol - ' = Metoprolol B R A e T N B A SN I e e SO T
e e e ’ S e e e s ’ *Have additional a-blocking activity
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Generations of Beta Blockers

Beta blockers are a class of drugs which prevent adrenergic receptor stimulation. Beta
blockers are commonly used in the management of arrhythmias and prevention of
heart attacks, among other uses.

Beta blockers are contraindicated in patients with asthma.

Generation Property Drug
Non-Selective Propanolol, Timolol,
1:* Generation i
No Vasodilatation Pindolol, Sotalol, Nadolol
B 1Selective without Atenolol, Metoprolol,
Vasodilatation Bisoprolol
2nd Generation
B1 Selective with Nebivolol, Acebutolol
Vasodilatation
Non-Selective
3 Generation Carvedilol, Bucindolol

with Vasodilatation
w @PharmaFactz

Cardioselective beta-blockers, e.g. atenolol, bisoprolol and metoprolol, have a greater
affinity for beta,-adrenoceptors and are less likely to cause constriction of airways or
peripheral vasculature and are preferred in patients with respiratory disease.

Bisoprolol is reported to be maomcaidiagsaheative than metoprolol and
atenolol Pharmacy 2024



Effects of Beta Blockers

Beta blockers affect receptors
in the heart and blood vessels.
- R = Adrenaline

<« = Noradrenaline

® Receptor
P ——+— Cells in the heart
| and blood vessels

<\

@
\

=

|

-
P

A

5

> T
o

7

‘ v?j,/‘\//
—____— Beta blocker

l"’
‘“\

- —~ Receptor

Beta blockers

slow SA-node Slow heart rate
which initiates allows left
| ventricle to fill

heartbeat

completely
~and lowers the
| heart workload
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« Treatment objectives include lowering the resting HR to 50 to

60 beats/min_and limiting maximal exercise HR to about 100

beats/min or less. HR with modest exercise should be no more
than about 20 beats/min above resting HR (or a 10% increment

over resting HR).
5l 1) aa LaY @l g o patl) ol jaiall (Bl e B ) 4 B <l juaals 2 o
38 Uiy da) Hll Alla & el Gl jia Jama (122835 Sl g i) haaa
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B-blockers

Cardioselective [B-blockers may be used in some patients to
minimize adverse effects such as bronchospasm, intermittent
claudication, and sexual dysfunction. Combined nonselective
B- and a-blockade with labetalol may be useful in some
patients with marginal left ventricular (LV) reserve.

Adverse effects of B-blockade include
* Hypotension

« Heart failure

« Bradycardia

« Heart block

« Bronchospasm

 altered glucose metabolism

 fatigue, malaise, and depression.

Dr. Lama Youssef, Clinical 65
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Nadolol
Propranolol
Timolol
Sotalol

With ISA*

Acebutolol
Pindolol

Associated with LESS
resting bradycardia

M WithDvlaraend )y Besvefit OnriakF...
Blsoprolol Coﬁbdﬂmaﬂytﬁﬁmol succinate

Classification of Beta Blockers

Non-Cardioselective Bl

*Intrinsic Sympathomimetic Activity

b

¥ cardioselective

Atenolol
Betaxolol
Bisoprolol

Esmolol

Metoprolol

Nebivolol

Mixed alpha-1,
Bl & B2 activity

Carvedilol
Labetalol
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Beta-blockers can be water or

lipid soluble

« Water-soluble beta-blockers, e.g. atenolol, are

excreted via t
necessary in

 Lipid-soluble

ne kidneys and dose reductions may be
natients with reduced renal function.3:°

neta blockers, e.g. carvediolol or

metoprolol, are metabolised in the liver and may be
better tolerated by patients with reduced renal

function.

 Bisoprolol is processed by both the liver and kidneys
therefore does not require dose adjustments for
patients with either renal or liver dysfunction, and Is
also less likely to interact with other medicines.

Dr. Lama Youssef, Clinical Pharmacy 2024



Excretion
Renal
Renal /
hepatic
Hepatic

Renal

Hepatic

Renal
Hepatic
Hepatic
Renal

14
Hepatic

Lipid
solubility
Low

Yes

Yes

Low

Yes

Low

Yes

Yes+

Low

Yes

ISA*

No
No

No

Yes

No
No

Yes

NoO

No

Dr. Lama Youssef, Clinical

Pharmacy,@@24

No

Vasodilation Selectivity

No
No

Yes

Mild

No
No

NoO

NoO

No

B1 selective

B1 selective+
+

Non-
selective

Non-
selective

B1 selective+

Non-
selective

Non-
selective

Non-
selective

Non-
selective

Non-

Beta-
blocker

Atenolol

Bisoprolol

Carvedilol

Celiprolol

Metoprolol

Nadolol

Pindolol

Propranolol

Sotalol

Timolol



Abrupt  withdrawal In
patients with angina has
been associated with
Increased severity and
number of pain episodes
and MI. Tapering of therapy
over about 7?7?77 days

should minimize the risk of

JANUARY 2017

L wwesar | mvssar ] wmseneear | oreostar | nser | seressar | msar |

1D i

RECT

<

-
withdrawal reactions If
therapy is to be |
discontinued. £=—=
Yo Dr. Lama Youssef, Clinical

Pharmacy 2024 n

@YWL LK

b

i jr £l
o o o
= .. Fiid

iiiii
U | am

[
..........................................................................

..................................................................




Nitrates ‘ﬁbﬁ-“

Gl ) a6 g c(preload Jaaadll J8 La (12a837) 33 5 ¢¥1 4 guzanll S| JF SV I
aabISY) ‘\-@ﬁ“ < ool w g (afterload gl Jaall (aiii) S J8 ‘\Aﬁd
endocardium € epicardium ¢ adl Jhs Jsng Lee e il

J.U;A A_JD u.uLd\ 4_\4\.::)5\ i lcanll @J.a (\AJJ:_\.\) u\)uﬂ MYM\ d\&u}“ i
Jexn L;JM) (4_\.11.::)5\ Lldadl) (pe (BLiall el Y d.e\.::) Nitric Oxide <53 2us
(SN0 U< 4T) Lilall GMP Lo 5

Exogenous

smooth muscle endothelial

cell \ cell

L-arginine

lumen r
Isosorbide Mononitrate

{ Isosorbide Dinitrate
GTP stimulus
(causes dilation) N]trog|ycerin

NO« — — -1
cyclic L L-arginine + O, ~ ———> Nitric Oxide
GMP NOS = nitric oxide
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RELAX GC = guanylyl Nitric Oxide

cyclase Synthase Nitrate & Nitrite
(NOS)

Y

Dr. Lama Youssef, Clinic

Pharmacy 2024 Endogenous




Nitroglycerin action in patients with chest pain

Coronary artery stenosis

Angina pectoris —

~ Effects of Nitrates

Al "'-
- Dilation of conduit a
- Dilation of collate
-Antiaggregant ef

- Dilation of conduit arteries
(reduction of impedance
and reduced afterload)

- Dilation of veins
(decreased preload)

-

Reduced LVEDP
Redut&d wall stress
Reduction of mitral regurgitation

Mismatch between myocardial
requirement and coronary
supply of oxygen and nutrients
This includes both low-flow
and demand ischemia.
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Nitroglycerin Transdermal Patch

« Select a reasonably hair-free application site. An
appropriate application area can be shaved If required.

* Avoid extremities below the knee or elbow, skin folds,
scar tissue, burned or irritated areas.

« Wash hands before applying.
)® oy
| «
b
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Pharmacy 2024



OIMTMENTS st all Nitrates <) Al

o

NITRO-BID®

Mitroglvcenn Chintmen USP, 250

INCHES iy 1 L 2
M

Nitroglycerin Ointment 0.2% wiw

'NITROGESIC']

AN SR SN NSRRI T

ﬁ

CENTIMETERS 1.25 2.5 3.75 5

the applicator that measures the dose
E FOAMSERA & C0,

A division of Mycomed US Inc.
Malville, Baw York 11747

NDC 0281-0326-60

(Nitroglycerin Ointment USP, 2%)

Honly NET WT 60 grams
FOR TOPICAL USE ONLY.
CONTAINS: Nitroglycerin (ghycery! trinitrats) 2% and lactose in a lanolin, whits pstrolatum
and water base.

DOSAGE: See package insert for complets prescribing information including nitrate-free interval.
WARNING: out of reach of children.
KEEP TIGHTLY CLOSED.

Store at 20°-25°C [See USP Controlied Room Temperature)
Ses crimp of ube E“WM & Exp. Date. y

A division of US Inc. !I!
V' Mo, New York 11747 oza1 326-
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Nitrates

* Nitrate therapy may be used to terminate an acute anginal
attack, to prevent effort- or stress-induced attacks, or for
long-term prophylaxis, usually in combination with 3-
blockers or calcium channel antagonists.

« Sublingual, buccal, or spray nitroglycerin products are
preferred for alleviation of anginal attacks because of rapid
absorption.

- Symptoms may be prevented by prophylactic oral or
transdermal products (usually in combination with -
blockers or calcium channel antagonists), but development
of tolerance may be problematic.

« Sublingual nitroglycerin relieves pain in about 75% of
patients within 3 minutes, with another 15% becoming pain-
free in 5 to 15 minutes.

« Pain persisting beyond 20 to 30 minutes after use of two to
three nitroglycerin tablets suggests ACS, and the patient
should be instructed to seek emergency aid.

Dr. Lama Youssef, Clinical Pharmacy 2024
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Adverse effects of Nitrates include

postural hypotension with associated CNS
symptoms,

reflex tachycardia,
headaches and flushing, and occasional nausea.

Excessive hypotension may result in Ml or stroke.
Noncardiovascular adverse effects include rash
(especially with transdermal nitroglycerin) and
methemoglobinemia with high doses given for
extended periods.

Dr. Lama Youssef, Clinical 82
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3 x 10 Tablets

NICOVEX-5

Nicorandil Tablets BP 5 mg

% VEXXA

LIFESCIENCES

Nicorandil Tablets BP 5 mg
c . Mig. Lic. No.: G/25/163 2 —"’/f;r

Each uncoated fablet contains: Balch No. =

Nicorandi BP............ 5mg Mig. Date - iH w
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Storage: Store below 30°C. Protect from light. Exp. Date x o
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CALCIUM CHANNEL BLOCKERS

Calcium channel blockers (CCB) prevent calcium from entering cells (mainly of the heart
and blood vessel walls). Calcium channel blockers, also called calcium antagonists, are
used to treat various conditions, including high blood pressure, angina, Raynaud's
phenomenon and some arrhythmias. They are also used to try to stop premature labour
in pregnancy.

e DIHYDROPYRIDINES of | (nifedipine) and Il (amlodipine) generation
e BENZOTHIAZEPINE (diltiazem)

« PHENYLALKYLAMINES (verapamil)

e PIPERAZINE (flunarizine)
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VERAPAMIL OCH, HiC 7N cH,
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Calcium Channel Blockers: Mechanism

*Prevent the entry of calcium into excitable cells

*Act as smooth muscle dilators and have negative ionotropic effects on the SA &
AV node conduction.

*Also plays a role in decreasing myocardial contractibility

Smooth Muscle Contraction { Inhibition of cardiac functions |

Acton potertl
Lype voRage-gated Smooth muscle cell

channel
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Examples

Dihydropyridines

Non-Dihydropyridines

Amlodipine, Felodipine,
Nifedipine, Nicardipine

Diltiazem, Verapamil

Effect on SVR

Decrease

Decrease
(possibly less than with
dihydropyridines)

Effect on contractility

(inotropy)

No effect

Decrease

Effect on sinus node rate
(chronotropy)

No effect

Slows

Effect on AV node
conduction velocity
(dromotropy)

No effect

Slows

Effect on conduction within
the atria and ventricles

AA

No clinically
significant effect

Dr. Lama Youssef, Clinical
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Smooth muscle cell

coronary spasm
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Calcium Channel Antagonists

Verapamil and diltiazem cause less peripheral
vasodilation than dihydropyridines such as nifedipine
but greater decreases in AV node conduction.

] uMlU bradycardla Y ﬁa\-u uh sﬂha\i‘ Uwub L

.myodepression

hey must be used with caution In patients with
preexisting conduction abnormalities or in patients taking
other drugs with negative chronotropic properties.

In contrast to the [-blockers, calcium channel
antagonists have the potential to improve coronary blood
flow through areas of fixed coronary obstruction by
Inhibiting coronary artery vasomotion and vasospasm.

Dr. Lama Youssef, Clinical 90
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Good candidates for Calcium Channel
Antagonists

patients with contraindications or Iintolerance to -
blockers

coexisting conduction system disease (excluding the use
of verapamil and possibly diltiazem)

Prinzmetal angina

peripheral vascular disease
severe ventricular dysfunction,
and concurrent hypertension.

Amlodipine is probably the agent of choice in severe
ventricular dysfunction, and the other dihydropyridines
should be used with caution if the EF is less than 40%.

Dr. Lama Youssef, Clinical 91
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TREATMENT OF CORONARY ARTERY SPASM
AND VARIANT ANGINA PECTORIS

Nitrates are the mainstay of therapy, and most patients
respond rapidly to SL nitroglycerin or ISDN.

IV and intracoronary nitroglycerin may be useful for patients
not responding to SL preparations.

Because CCB may be more effective, have few serious
adverse effects, and can be given less frequently than
nitrates, some authorities consider them the agents of
choice for variant angina.

Nifedipine, verapamil, and diltiazem are all equally
effective as single agents for initial management. Patients
unresponsive to CCB alone may have nitrates added.
Combination therapy with nifedipine plus diltiazem or
nifedipine plus verapamil is reported to be useful in patients
unresponsive to single-drug regimens.

B-Blockers have little or no role in the management of
varlant angina as they may Iinduce corongry
VaSOCOnStrICtIOn and pl’O|Ong |SChem|a Dr. Lama Youssef, Clinical Pharmacy 2024
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Heart Attack Warning Signs

Women

Lightheadedness
or dizziness

Upper back pressure

Chest pressure

Shortness of breath “

Pain in one or both -
arms, the back, neck, \&S

jaw or stomach

Fainting or
extreme fatigue @ @ If you have any of these
' symptoms for more than

5 minutes and are unsure of
the cause, call 9-1-1.

Women might not experience the chest
pain that is often noted as the most
common sign of heart attack.

Some women who have had host Treatments work best if given

attacks say they thought they had the within 1 hour of when'heart
symptoms associated with the flu. attack symptoms begin.
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i Myocyte complications
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Limit Reperfusion
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Microvascular
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Determinants of Endogenous Thrombolytic Activity

t-PA, uPA
TAFI Red cell Platelet Fibrin fiber
Plasminogen rich tail core network
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contraindication

Streptokinase | 1.5 million units over 30-60 | Prior SK or T h r O m b O I y S I S

(SK) min i.v. anistreplase IS
) JAASM Ja
Alteplase |5 mg i.v. bolus U.A' "o

(tPA) 0.75 mg/kg over 30 min (up

1050 mg) en 0.5 e Fibrinolysis

over 60 mini.v. (up to 35 mg)

Reteplase 10 units + 10 units i.v. bolus
(r-PA) given 30 min apart

Tenecteplase | Single i.v. bolus:
(TNK—tPA) | 30 mgif <60 kg
35 mg if 60 to <70 kg
40 mg if 70 to <80 kg
49 45 mg if 80 to <90 kg Dr. Lama Youssef, Clinical
50 mg if 290 kg Pharmacy 2024
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<90min

tame to treatmant

STEMI SYMPTOMS CORONARY ANGIOPLASTY

<30min & 3-24Nh
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time to treatment 10 Tme to reatmant

STEMI SYMPTOMS THROMBOLYSIS CORONARY ANGIOPLASTY
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Figure 1: Timeline of a STEMI Patient Requiring PPCI and
Pharmacotherapy Options

(Sym ptom Dnset)

First Medical Aspirin (Morphine,

Contact Oxygen Therapy)
Diagnosis and olatelet Th CTB Time*
Decision for PPCI Antiplatelet Therapy 113 mins
pre-PPCI
: Clopidogrel or Prasugrel
(Arrwal at PPC| or Ticagrelor
Centre
DTE Time*
39 mins

Heparin or Bivalirudin +/- GP
( Prcl ) lIb/llla Inhibitor

1 Aspirin + Clopidogrel or
Prasugrel or Ticagrelor
( Post PPC ) (Warfarin and (N)OACs)

*Median times based on British Cardiovascufar Intenvention Society Audit Returms 2013,
CTE = call to balloon; DTE = door to balloon; GPIIbMa = glycoprotein Iib/lla; (NJOAC = non-
vitamin &, gntagonist oral anticoagulants; PPCI = primary percutaneous coronary intenvention.

STEMI

QRS

complex

b

ST Elevation

interval interval
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