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Heart disease is the leading cause of
morbidity and mortality worldwide
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 Cardiac muscle (as any other cell) needs
a balance between oxygen demand and
blood supply. o Bl ) el e, 21.2
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* The coronary arteries provide the o« s sajuabalon
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heart’s blood supply. st
* Because the heart is always working, its¥

oxygen demand is high. s Enp i
oxygen demand * If blood supply does not meet oxygen ;%= =5

demand — ischemia occurs. e aead

* Ischemia leads to ischemic heart

disease.
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things may lead to
a reduction in the
blood supply:

Examples:

- Atherosclerosis
- Coronary
Vasospasm

- Hypovolemia

- Shock
- Thrombosis
- stenosis
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Any imbalance between blood supply and oxygen demand can lead to ischemic heart disease

oxygen demand
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Things may lead
to increase the
oxygen demand:

Examples (increase force or
rate of contraction):
-exertion

-hypertension

-stress
- Increase emotional and

physical activity
-tachycardia
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ISCHEMIC HEART DISEASE (IHD)

I agroup of related syndromes resulting from
myocardial ischemia (an Imbalance between

cardiac blood supply (perfusion) and o

(My rd al Ischemia )&.J_KJI

myocardial oxygen demand) Y
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I IHD = coronary artery disease (CAD).other name)
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Ischemia can result from:
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1 réduction in coronary blood flow, mainly due
atherosclerosis (90 % of cases )

2 increased demand for oxygen (e.g., tachycardia or
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3 diminished oxygen-carrying capacity (least common
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CO will compete against oxygen for heme molecule in hemoglobin,so the blood

g will deliver CO instead of delivering oxygen to the cardiac muscles.
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There are four basic clinical

Slapdlio Loyl e SaT Lhead (11 5 pseall
Syndromes of ITHD: woewwsiiv..

((Angina Pectoris) 4 ,uwall dadll .1

f'\> 3885 LS aual Tty jueall i ol jsat (o LY ety Losie Suat 4 yaall dalle
il dhae (I aull

]—Angina peCtOI/'iS (5 Eany ¥) il Uiz La e o] sl GBS i LY s Allall sda oie

PSIRER TR QU SPRRRETTRPR SV DIy ISR E N e S 1| PRER WG | PON T SN
Sl e g sl i

1schemia causes pain but 1s

insufficient to lead to death of s
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2-Acute myocardial infarction (M) Zosicn i 2

the severity or duration of ischemia is

enough to cause cardiac muscle death ==
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(necrosis).
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progressive cardiac decompensation
(heart failure) following Ml

4-Sudden cardiac death (SCD) theworsy

can result from a lethal arrhythmia
following myocardial ischemia.
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Clinically: Angina pain (A crushing or squeezing substernal < i sie
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so severe pain it may radiate also to the left side of the arm, s o <
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the jaw, the neck or the upper abdomen.) ol o bl 521

—— Possible areas of
radiating pain:

neck, jaw, upper
abdomen, shoulders
and arms

-
4 el Tl e
(B YT 11 e 110 (sall) pall o S ooyl (o) oS53 ) A ol 31501 (ol it el g1 0 a1 e alllly (ol o) (el oyt st
; il e LA csn o 5055 Yy Tha (65 (2Ll )T oing Lo (Lubiiio B 8 ymad 5508 (35 L pteall T oy 11 L3 55,020 Ly 800l St
(al1) il LA s (o spenil o ¥ il 1 1 ¥ i€ (g s it 1 o p 1 (ol 1550 g0 e

- Lose of balance btw. 02 demand and blood supply which leads to cardiac ischemia, but
this cardiac ischemia happen for short duration (low intensity and severity) that is not
enough to cause the necrosis of the cardiac muscle cells.




pectoris vs M1
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Angina

Coronary
artery disease

Plaque builds up in an artery

It is harder
for blood to
get through
the artery

Heart attack

Plague cracks and a blood
clot blocks the artery

0

by nitroglycerin or rest.

angina causes intermittent chest pain caused by transient reversible # "
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myocardial ischemia (ischemia causes pain but is insufficient to ..

lead to death of myocardium)

nitroglycerin
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1 angina pectoris: pain < 20 minutes and relieved by rest a vt

L(Bymd 8,38

aa gh) e85 Al

alall LA ge (o) Sa3e Y

ol L
all Bad (o4

MI: pain lasts > 20 minutes to several hours and is not relieved
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asmene,  according to pathogenesis
Three Wpes Of aﬂﬂ‘ﬂa (underlying mechanism)
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inappropriate vascconstriction

Atharosclerosis

Stable angina

Atharosclarosis
with bloodclot

+ Plague ruptured

* Plalelet oggregation

* Thrombus formation

* Undpcposed vasaconsinesion

Unstable angina

Coronaryspasm

Variant angina x

* No ovart plaques
+ Itense vasospasen
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Heart

wesena Pathogenesis of stable angina:  (vost frequent A3 Y
o 0 . type of angina)
critical coronary stenosis
A"“ 1 4 uall dandll g
1\271?11;%11 Nzlr.rtg:;ed -episodic pain only with **%“'Aﬁﬁ,mu

PN PNy W [

increased demand

T e I G e At ot S has e (St St Sttt S G s

Ol ll Tles¥ | Tl (3 H75 e 035 T (58l (SIS Bolall ¥l o Lgal) pdl 3a5

Critical stenosis -as a complication of atherosclerosis- means
permanent narrowing in the coronary artery that has occluded a

large percentage of the original lumen; for example, occlusion of

>75%.

- pain occur with exertion because of increased oxygen demand.

-forms of T myocardial
oxygen demand (e.g.
exertion; tachycardia;
hypertension; fever;

anxiety; fear)

-associated with critical

atherosclerotic narrowing
-relieved by rest (reducing
demand) or by drugs (e.g;
sublingual nitroglycerin - D

vasodilators)

¥ eled

G Tl 3k e (Y1 ik e

alaniil of coranSe¥l gle

o m all (0d Candts Lo
Loie (5550 JSiy Boamy s
lall i;hé.éSJL.,;dLu
S.ALD..\;:‘JYLQ

BN
OanS¥ ple Il
ey s s ie Yo o]
Las ¢ L) il ol 5
il T (B pandl

Lowic
Ll o4
&l

ol Julss ) suss

ol Jary 311 Gladll ©1a3 oy g 201 S g
(il ple bial] ity Lgoll Lo ¥ ganass



asgdes (3lati L3831 (U1 8y gunll

Prinzm’eta~l)I ”tjng r:: i
Pathogenesis of Prinzmetal angina: ST,
severe coronary vasospasm
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Coronary artery spasm
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, - MU IR A - occur at rest or sleep as ischemic chest
i e ain (not related to exertion).
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- Etiology not clear (Raref & i omm
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- Treatment: vasodilators (nitroglycerin
o ..or calcium channel blockers)
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Unstable angina (crescendo angina) e

- increasing frequency of pain, precipitated by less exertion.
(Crescendo Angina) 8l e & aall dauill]

- more intense and longer lasting than stable angina &= a2y
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- Causes: plaque disruption; superimposed partial > wsewes
thrombosis; distal embolization; vasospasm. o £ Sty st
- Usually precedes more serious, potentially irreversible e s swie.
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It is considered a transitional stage, meaning we are just one step away from Myocardial Infarction (Ml). It

lies between Stable Angina and MI.
The patient already has atherosclerosis with critical stenosis. But something acute occurs on top of this

chronic problem, making it worse and more dangerous. Salall 21,3014
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What can this acute change be? A e e T > |
1. Thrombus formation overlying the critical stenosis — sudden reduction in blood supply — Unstable
Angina. > el sl Gilheall st Lo (el Tt ST 5l Tl Lol ] e il ol 558
55l el B sl e ULl w3 (e i O g pSlel] sl

2. Rupture or disruption of the’atheroscierotic plaqtie — exposes ghegzgnﬂscore — triggers platelet
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3. Superimposed vasospasm over the already narrowed artery. o i e



NedYsds Y
303 CRINBRSIANY Qif S
= | ng,d\ Al

Acute Myocardial Infarction



Blocked coronary artery

Damaged
heart muscle

o MI = heart attack (Als = Qi) dliae L))
* Necrosis of heart muscle due to ischemia.
* Asignificant cause of death worldwide.

Acute Myocardial Infarction (M1)
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- The painis
similar to that
of angina
because the
mechanism is

the same.
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Clinical Features of acute MI

L& ¢ eld) .Myocardial Infarction (M)
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Severe, crushing substernal chest pain that
radiates to neck, jaw, epigastrium, or

left arm

dyspnea (if
pulmonary
congestion and
edema)

cardiogenic shock
(in massive Mls
>40% of left
ventricle)

Dizziness; sweating

rapid and weak pulse
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' nausea (in posterior MI) |

Sometimes: No typical symptoms
(silent infarcts)

Gudall e eYall3

LS palye¥ ua)ll gle sl ¥ W8 o all paay g0
¥ lall sin Ciyats B8 (A leY ) ole L ppaniidl Casy Loa uldll Ll

- Some patients do not show this classic picture and cannot be
diagnosed clearly based on symptoms alone. This is called silent MI.
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Silent infarcts:
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A variable percentage d s s i i il
MIs are asymptomatic Confirmed only on
ECG and lab workup. . iweewuis, s
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1 DM (peripheral neuropathies
2 the elderly o sttt |

3 Unconscious patients (e.g., in the
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MI- Causes:

1 Acute occlusion of the proximal left anterior descending
(LAD) artery is the cause of 40% to 50% of all M1 cases 1)
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Pulmonary

Left circumfiex coronary
artery

Left anterior descending
coronary artery

Acute coronary
arterial occlusion

Zone of perfusion
(area at risk)

Completed infarct
involving nearly the
entire area at risk

Endocardium

Zone of perfusion
(area at risk)
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- When there is an acute
coronary arterial occlusion, the
area of the myocardium
supplied by that segment of the
artery (the zone of perfusion)
will be at risk of infarction.
- The infarction will start to
develop gradually, and
eventually, this will result in
death of the cardiac muscle
covering that zone of perfusion.
- Thisis how the zone of
perfusion transforms into a
zone of necrosis
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Evaluation of MI ==
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[- Clinical signs and - s..
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2- Electrocardiographic :°.. ..
(ECG) abnormalities ==:~==y=+
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3- Laboratory evaluation:
blood levels of (Bﬂ_ﬂ
intracellular e R
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macromolecules that leak =iz

out of injured myocardial ==
cells through damaged i
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cell membranes. )
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A
1-Myoglobin

2- Cardiac Troponins T and I (TnT, Tnl) zooiet

3- Creatine kinase (CK); specifically the™e.. cu oo
myocardial-specific isoform (CK-MB) =52

4- Lactate dehydrogenase
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- Cardiac troponins T and I (TnT, Tnl),
are the best markers for acute MI.

- Creatine kinase CK-MB 1s the second
best marker after the cardiac-specific
troponins. 57
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Cardiac Biomarkers

=== Troponin
=== Myoglobin
- Creatine Kinase
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Microscopic features of myocardial e -wou
infarction and its repair.

Ja (Myocardial Infarction - M)
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coagulative necrosis and

wavy fibers ?

Necrotic cells (Dead cells
which are characterized by loss
of nuclei, shrinkage, denser and
more eosinophilic cytoplasm,
and may assume an abnormal

position) are separated by
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Stain: Hematoxylin & Eosin (H&E)
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Microscopic features of myocardial infarction
and its repair.

i
J‘f% BY Dead cardiac
5“‘0 cells

2 - 3 days:
Dense neutrophil
infiltrate

Because necrosis always is

followed by inflammation
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Microscopic features of myocardial
infarction and its repair.

7 to 10 days: ,s
complete removal of r”
necrotic myocytes by

macrophages W
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§ Different type of inflammatory cells
come for cleaning of necrotic cells .
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Microscopic features of myocardial
warewwas | INfarction and its repair.
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Microscopic features of myocardia
infarction and its repair.
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several weeks:
Healed infarct
consisting of a

dense collagenous

scar (blue)

It may heal the defect, but it
will never be as the normal

myocardial in function

(contractility or conductivity)

Stain: Masson Trichrome (MT)
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Consequences & Complications of MI
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1- Death:

- 50% occur before reaching hospital
(within 1 hour of symptom onset-usually P

:(Death) syl .1

as a result of lethal arrhythmiasi&mww%
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- Arrhythmias are caused by electrical
abnormalities of the ischemic
myocardium and conduction system

= With current medical care, patient
outcome is better (in-hospital death rate has
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- Abnormally fast
and chaotic heart
rate: ventricles
quiver rather
than beat

F4

Ventricular Fibrillation ECG
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Consequences & Complications of MI

:(Cardiogenic shock) dulill lewall .2

2_ Cardiogenic Shock. a {:sifu:;gms,§|?|;uz3;y|§jiag.;uaylgygy15%

Bl Toses 51] 555 35 el ol 0 %40 oo
Los Jlad Sty aall s (ol €508 LM 3 Loie &ant lall sdae

15% - In large infarcts ( >40% of Left ventricle). =2iml omaininans«

il | 2 5Ll Lot ) Lo

70% mortality rate - important cause of in-hospital deaths.
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Complications of Myocardlal Rupture Include: May happen before

(1) rupture of the
ventricular free wall:
hemopericardium
and cardiac

tamponade (usually
fatal)

(2) rupture of the

ventricular septum:
VSD and left-to-
right shunt

(3) papillary muscle ™

I'upture Papillary) Lusall il

:(muscle rupture
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severe mitral or-ss=sac
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- 2 to 3 days post a transmural MI o

- spontaneously resolves (immunologic mechanism)
. (Infarct expansion) <Laia¥| awsi .5
5- Infarct expansion.
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disproportionate stretching, thinning, and dilation of the "
infarct region (especially with anteroseptal infarcts) i
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6- Mural thrombus. .
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loss of contractility (causing stasis) + endocardial damage
g > thromboembolism
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/-Ventricular aneurysm. (rrue aneurysm), dilated and thinner wall
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) Complications of
SELi ST ventricular aneurysms
w77 includes

stossememines —1-mural thrombus
wnwsee  2-arrhythmias
oswssaie 3-heart failure
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L.ong-term prognosis atter MI
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depends on many factors: e.g. left ventricular function;
severity of atherosclerosis in viable myocardium; etc...

- Ist year mortality = 30%.
- Thereafter, the annual mortality rate~ 3%
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Chronic Ischemic Heart Disease

:(Chronic Ischemic Heart Disease) cyo3l! ¢,y L&l a5

:(Post-infarction cardiac decompensation) «Liia¥ ! aas Q&I jsnd o dagills

ol Lyl e an ] )] ALiiall (B sy Bllady p ] s ole 508 a2 Gl iy Losie Q1T Al el any 311 5enl Sanyr
DAusall sle 8,8 QMBI it (oSl 550 ga S (ol aaiadll) Lalall Abidall ana Baliy A oo el e QI Gagas a8 Glall ode

results from post-infarction The Cardiovascular Disease Continuum
cardiac decompensation that s
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Sudden Cardiac Death (SCD)
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- Unexpected death from cardiac causes either @sf.ﬁ.wﬁutww'
without symptoms or < 24 hours of symptom onset
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- CAD (atherosclerosis) is the most common
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- Lethal arrythmias (v. fibrillation) is the most
common direct mechanism of death

- With younger victims, other non-atherosclerotic
g causes are more common:
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Non-atherosclerotic causes of SCD
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- Mitral valve prolapse f ool v o
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- Dilated/ hypertrophic cardlomyopathy S
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