General Overview

1- Anatomy (structures of body parts)
2- Physiology (functions of these parts)

Physiology
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Difference from Pathology

m Pathology emphasizes the structural changes

m Pathophysiology focuses on the functional

<y

anatomy -The study of the form and structure of an
organism.

and metabolic alterations and

the mechanisms

Vocabulary

gross anatomy - The study of the organs, parts, and
structures of a body that are visible to the naked eye.

physiology - The study of the processes of living
organisms, or how and why they work.

pathophysiology - The study of how discase occurs and
response of the body to discase process.
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Local Systemic

ocal: Manifestations found at the site
of disease, e.g local swelling or
redness, pain.

Systemic: Manifestations present
throughout the body, e.g. fever,
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CHRONIC -V

LD ETRER GO RO ETRCEE 9 CHRONIC pain is continual and recurring.

intense, but also usually is short in
duration.
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subacute

REMISSION

asymptomatic

pathogenesis

Prognosis . Diagnosis

Your diagnosis
is the flu.

Your prognosis
is a full recovery
after lots of rest

)
Morbidity

.

Proportion of
iliness in a
population

Incidence of
deaths in
popuiation
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Epidemiology

noun

the scientific study of diseases

and how they are found, spread,
and controlled in groups of people.
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EPIDEMIC

A dunase that spreads
quickly in » speciic region.
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Stages of Disease (¢
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' V[_J Incubation stage | | w27
Exposure Asymptomatic

v » Incubation stage
Pathogens Prodromal stage
multiply —>»| Symptomatic

Foverorrash | | o e »Prodromal stage

¢ g contagious

Acute stage PACUte Stage

Symptoms peak

v » Declining stage

e’
Declining stage | | %" ¥
Symptoms lessen

I > » Convalescent sta

Convalescent stage
Asymptomatic
Return of strength and function
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The Levels of Prevention
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Prevention Prevention Prevention
Definition | An intervention An intervention An intervention
implemented before implemented after a | implemented after a
there is evidence of a | disease has begun, disease or injury is
disease or injury but before it is established
symptomatic.
Intent Reduce or eliminate Early identification Prevent sequelae
causative risk factors | (through screening) (stop bad things from
(risk reduction) and treatment getting worse)
Example | Encourage exercise | Check body mass Help obese
and healthy eating to | index (BMI) at every | individuals lose
prevent individuals well checkup to weight to prevent
from becoming identify individuals progression to more
overweight. who are overweight severe
or obese. consequences.







Just your average cell

The illustration below shows cell components and structures. Each part has a function in maintaining the cell’s life and homeostasis.

_____——— Cytoplasm

Cell membrane
Mitochrondrion

Pathophysiology made incredibly easy!.—5th ed




Replicate and divide

These illustrations show the different phases of cell reproduction, or mitosis.

Prophase Metaphase Anaphase Telophase

Nucleolus Nucleus  Spindle fibers
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Chromosomes \ / _

coiland shorten,  Centrigle Centromeres divide and pullthe - Captromeres separate and pull

and the nuclear chromosomes apart. Thenthe  chromosomes toward opposite  New membrane forms around
membrane centromeres align themselves  sides of the cell. chromosomes and the
dissolves. in the middle of the spindie. cytoplasm divides.

Pathophysiology made incredibly easy!.—5th ed




Pathophysiologic concepts

Stressors, changes in the body’s health, disease, and other extrinsic and
intrinsic factors can alter the cells” normal functioning.

Cells generally continue functioning despite challenging conditions or
stressors. However, severe or prolonged stress or changes may injure or
destroy cells. When cell integrity is threatened, the cell reacts by drawing in
its reserves to keep functioning, by adaptive changes or by cellular
dysfunction. If the cellular reserve is insufficient, the cell dies (cell death
(necrosis, is usually localized and easily identifiable, occurs). If enough
reserve is available and the body doesn’t detect abnormalities, the cell adapts
by atrophy, hypertrophy, hyperplasia, metaplasia, or dysplasia.

Pathophysiology made incredibly easy!.—5th ed
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When cell integrity is threatened, the cell react @
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the body doesn’t detect abnormalities, the cell adapts If the c‘ellular mser\;’e is‘insufficient, the ;ell dies
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_ ;}Z-’ Atrophy
Atrophy is a reversible reduction in the size of the cell. It results from disuse, insufficient blood
flow, malnutrition, denervation, or reduced endocrine stimulation.

ng" Hypertrophy
Hypertrophy is an increase in the size of a cell due to an increased workload. It can result from
normal physiologic conditions or abnormal pathologic conditions.

g}“” Hyperplasia
Hyperplasia, an increase in the number of cells, is caused by increased workload, hormonal
stimulation, or decreased tissue.
o .
¢ 1P Metaplasia
Metaplasia is the replacement of one adult cell with another adult cell that can better endure the
change or stress. It’s usually a response to chronic inflammation or irritation.

O\ Dysplasia
In dysplasia, deranged cell growth of specific tissue results in abnormal size, shape, and
appearance. Although dysplastic cell changes are adaptive and potentially reversible, they can
precede cancerous changes. —» &' coesab!€ cxpecl this

Pathophysiology made incredibly easy!.—5th ed
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; Memory jogger

To remember the four causes of cell injury, think of how the injury tipped (or TIPD) the
scale of homeostasis:

Toxin or other lethal (cytotoxic) substance
Infection
Physical insult or injury

Deficit, or lack of water, oxygen, or nutrients.

Pathophysiology made incredibly easy!.—5th ed




Degeneration
occurs in the
cytoplasm of the
cell; the nucleus
remains unaffected.

/
3 A type of nonlethal
%‘ cell damage known

\ as degeneration
"

! Pathophysiology made incredibly easy!.—5th ed
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Degeneration ===

/”W\ call
Necyosts

+ Necrosis happens when the injury is severe, sudden, or overwhelming, ke a lack
of oxygen (ischemia), toxins, infections, or trauma. The cell loses control, swells,
bursts, and spills its contents, causing inflammation and damage to surrounding
tissue,

- Necrosis is more dangerous because it damages nearby cells and triggers
inflammation, which can lead to further injury.

How to distinguish between them:

ol

el Lty Qe Beet w8
o ) ot ) oy, A e o rrewhon § 8 e e of g
O T Marterance

Relatonshp
D i o e P o e es V) e | Ve e 5

< INRPARIS 5 & S e (. D P e T Ly Wbty sev—"
Coa. ot becmme of drect ryry Ve ¢ recroes

T e sl & 8w S S ey 0 Wl ea ] gt &
Cloan plarved death. Dows Bt ceer & up?

A l{h ——

'O\);}/“) d’"o}&

r.)oPl oS1S

- Apoptosis happens when the cell detects it's mildly or irreversibly damaged but

still functional enough to die in a controlled way. It's often triggered by DNA
damage, aging, or signals from the body. The cell shrinks, fragments neatly, and
gets cleared away without inflammation

+ Apoptosis is safer because it removes damaged cells without harming the
surrounding tissue,

« Necrosis: Swelling, bursting, inflammation, and tissue damage. Happens in conditions
like heart attacks, infections, or burns.

« Apoptosis: Shrinking, controlled breakdown, no inflammation, Happens in normal
processes like immune system regulation or removing old cells.
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/' Degeneration

When changes within cells are identified, degeneration may be slowed or cell
death prevented through prompt treatment. An electron microscope makes
the identification of changes within cells easier.

When a disease is diagnosed before the patient complains of any symptom:s,
it's termed subclinical identification. Unfortunately, many cell changes
remain unidentifiable even under a microscope, making early detection
impossible.

Pathophysiology made incredibly easy!.—5th ed




Cell aging

* During the normal process of cell aging, cells lose structure and
function. Lost cell structure may cause a decrease in size or
wasting away, a process called atrophy.

Pathophysiology made incredibly easy!.—5th ed




In’s and out’s of cell aging

Factors that affect cell aging may be intrinsic or extrinsic, as outlined here.

Intrinsic factors
—

« Psychogenic

« Inherited

« Congenital

« Metabolic

« Degenerative

« Neoplastic

« Immunologic

« Nutritional

Extrinsic factors Physical agents
——

« Force

« Temperature

« Humidity

- Radiation

« Electricity

« Chemicals

Infectious agents
« Viruses

- Bacteria

« Fungi

« Protozoa

- Insects

« Worms




HOMEOSTASIS

- The body is constantly striving to maintain a dynamic, steady-
state of internal balance called homeostasis. Every cell in the
body is involved in maintaining homeostasis, both on the
cellular level and as part of an organism.

Any change or damage at the cellular level can affect the entire
body. When an external stressor disrupts homeostasis, illness
may occur. A few examples of external stressors include injury,
lack of nutrients, and invasion by parasites or other organisms.
Throughout the course ot a person’s life, many external stressors
atfect the body’s internal equilibrium.

Pathophysiology made incredibly easy!.—5th ed




Every cell in the
body s involved

in maintaining
homeostasie, a

dynamic, steady

Maintaining the balance ctate of intemal
palance,
Three structures in the brain are responsible for maintaining homeostasis:

fl
.

3\;;{ . . . . .

V7 the medulla oblongata, the part of the brain stem that’s associated with vital functions, such
as respiration and circulation

"

V the pituitary gland, which regulates the function of other glands and thereby a person’s

growth, maturation, and reproduction
il

1 the reticular formation, a group of nerve cells or nuclei that form a large network of
connected tissues that help control vital reflexes, such as cardiovascular function and

respiration.

Pathophysiology made incredibly easy!.—5th ed




Input sent via Qutput sent via

Some stimulus afferent pathwa efferent pathwa
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Change Response
detected to change
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Nerve impulses or
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There is a return to '
homeositasis

when the response
brings the controlied
condition back to
normail.

Imbalance
corrected

Group of receptors and
chermica signais to effectors communicating
= with their control center
forms a feedback system

Response that alters the
controlled condition.




Negative feedback
cancele out the
original responece.
Positive feedback
exaggerates it.

\

Negative feedback, positive result
This flowchart shows how a negative feedback mechanism works to restore homeostasis in a patient with a high blood glucose level.
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POSITIVE FEEDBACK
SYSTEM

...and the positive

The positive feedback mechanism is far from positive. It takes the original response and
exaggerates it. It's said to be positive because the change that occurs proceeds in the same
direction as the initial disturbance, causing a further deviation from homeostasis. A positive
feedback mechanism is responsible for intensifying labor contractions during childbirth.

Pathophysiology made incredibly easy!.—5th ed




DISEASE AND ILLNESS

- Disease occurs when homeostasis isn’t maintained.
- One aspect of the disease is its cause (the fancy term is etiology).
- Diseases with no known cause are called idiopathic.

- A disease’s development is called its pathogenesis.

Pathophysiology made incredibly easy!.—5th ed
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When stress strikes
According to Hans Selye’s General Adaptation Model, the body reacts to stress in the stages depicted below.

~

Physical or psychological etreseor ‘ Also known ae

v the fight-or-fight

response
Alarm reaction 23
* Arousal of the central nervous system begins.
¢ Epinephrine and norepinephrine, along with other hormones,
are releaséed, causing an increase in heart rate, increased
force of heart contractions, increaged oxygen intake, and
increaced mental activity. N
v If the stress
doesn't stop, the
Realotance e.\mu;-uonas-taqe
o The body responds to the stressor and attempts to retum egne.
to homeostasis. - /
* Coping mechanisme are used. 1

h 4 b 4

Recovery Exhaustion

» The body can no longer
B produce hormones as in
the alarm stage.

* Organ damage begins.

=

Exhaustion marke
the onset of disease.

If 6tress comes 10 an end, the
body should be able 1o retum to a
normal etate, ieading to recovery.

Pathophysiology made incredibly easy!.—5th ed




A. mitochondria.
B. Golgi apparatus.
C. ribosome.

D. nucleus.

Quick quiz

Question 2: When a cell gets injured, the first
signis...

« (A) A biochemical lesion (/ Correct) <+ The carfest
sign of cell injury occurs at the molecular and
biochemical level before any visble structural damage

1. The organelle that contains the cell’s DNA 1S the:. e anaresonyperpissia (x incorrect »

Hyperplasia is an Increase In the number of cells due to
ncreased cell division, not an mmediate response to
nury.

« (€) A chromatid (X Incorrect) -+ Chromatids are part

of chromosomes during cell division and have nothing 1o
do with cell injury.

« (D) Cellular necrosis ( X Incorrect) -+ Necrosis is an
advanced stage of cell death that occurs after severe
and prolonged injury, not the first sign

A. a biochemical lesion.
B. an area of hyperplasia.
C. a chromatid.

D. cellular necrosis.

2. When a cell gets injured, the first sign is:

Pathophysiology made

Question 3: An extrinsic factor that can cause
cell aging and death is...

« (A) Down syndrome ( X Incorrect) - Down syndrome
= 2 genetic dsarder (intrinsic factor), not an external

cause of cel aging

« (B) Sicklo coll anemia (X ncorrect) -+ Sickle cet
aemia s o horeditary disease caused by & genetic

mutation, making i an intrinsic factor

« (C) Uitraviolet (UV) radiation (/ Correct) -+ UV
radiation is an extrinsic factor that accelerates cell
#)ing by damaging DNA and iIncreasing oxxiative stress

« (D) A person’s advanced age ( X Incorrect) -+ Aging
S an intrinsic factor because it is & natural bologics
process rather than an external cause of damage




3. Anextrinsic factor that can cause cell aging and death is:
A. Down syndrome.
B. sickle cell anemia.
C. ultraviolet radiation.
D. person’s advanced age.

4. Homeostasis can be defined as:
A. a steady, dynamic state.
B. a state of flux.
C. an unbalanced state.

D. an exaggeration of an original response.

Pathophysiology made incredibly easy!.—5th ed







As we learned before:

Physiology is the science, which is related to studying mechanics,
characteristics, and features of the body that makes it function the right way.

Pathophysiology studies abnormal physiology.




THE CARDIOVASCULAR SYSTEM:
THE HEART

The heart contributes to homeostasis by _ through blood
vessels to the tissues of the body to deliver oxygen and nutrients and
remove wastes.

The cardiovascular system consists of the blood, the heart, and blood
vessels.

©

©




Table 12—-1

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

The Cardiovascular System

Component
Heart

Atria

Ventricles

Vascular system

Arteries

Arterioles

Capillaries

Venules

Veins
Blood

Plasma

Cells

Function

Chambers through which blood flows from veins to ventricles. Atrial contraction adds to ventricular filling but is not
essential for it.

Chambers whose contractions produce the pressures that drive blood through the pulmonary and systemic vascular
systems and back to the heart.

Low-resistance tubes conducting blood to the various organs with little loss in pressure. They also act as pressure
reservoirs for maintaining blood flow during ventricular relaxation.

Major sites of resistance to flow; responsible for the pattern of blood flow distribution to the various organs;
participate in the regulation of arterial blood pressure.

Major sites of nutrient, metabolic end product, and fluid exchange between blood and tissues.
Sites of nutrient, metabolic end product, and fluid exchange between blood and tissues.

Low-resistance conduits for blood flow back to the heart. Their capacity for blood is adjusted to facilitate this flow.

Liquid portion of blood that contains dissolved nutrients, ions, wastes, gases, and other substances. Its composition
equilibrates with that of the interstitial fluid at the capillaries.

Includes erythrocytes that function mainly in gas transport, leukocytes that function in immune defenses, and
platelets (cell fragments) for blood clotting.




Components of blood

Plasma 0

Transports nutrients,
hormones, and proteins. Itis a
yellow liquid that makes up
about 55% of the body's blood

Red blood cells @

Carry fresh oxygen through the
body and remove carbon
dioxide. Red blood cells make
up about 40 to 45% of blood.

volume.
White blood cells ®) ©
Part of the body’s immune
system, detect and fight viruses
Platelets and bacteria. There are five major

types of white blood cells, and
they make up less than 1% of

blood. ks ARt Som ol naisisogy 1

Form clots to stop bleeding.
, Platelets make up less than




Basal lamina

Pericyte Lumen

Erythrocyte
Lumen (red blood cell)

_Valve

Endothelium__

Internal Endothelium
Smooth elastic lamina Basement
muscle < membrane Smooth
e, Basement Endothelium ~ muscle
External membrane k X
elastic lamina Capillaries Adventitia
Adventitia

cross-sect

arteriole

(@




Table 1. Five blood vessel types

Arteries

Arterioles
Veins

Venules

Capillaries

Transport high-pressure blood from the heart to smaller
arteries and arterioles

Connect arteries and capillaries

Act as reservoir of blood and transport low-pressure blood
from venules to heart

Connect capillaries and veins

Allow gas exchange, nutrient transfer and waste removal
between blood and tissue fluid




Interstitial fluid
(11L)

Systemic
capillaries







Heart Pumps Blood into Two
Circuits in Sequence :

* Pulmonary circuit: To and from
the lungs.

* Systemic circuit: To and from
the rest of the body.

. Thc_ heart is located in the thoracic

T

* Arca from the sternum to the
vertebral column and between the
lungs.

* The ascending of the aorta is
located in the middle mediastinum.
The apex of the heart is located in
the inferior of the mediastinum.
The base is located in the superior
mediastinum,

Point of Maximal lnt\e.nsllty (PMI)

Migsternal line | w_ ¢

% Circulation
Two Sets of Pumping Chambers
in Heart:

* Right atrium:
Receives systemic blood.

* Right venericle:
Pumps blood o
(pulmonary).

* Left atrium:
Receives blood from lungs.

lungs .

* Left ventricle:
umps blood to organ systems
‘(-y'letnic).

Location = P

* Heart is located in
the mediastinum

~ area from the
stemum to the
vertebral column and
between the lungs

Apex - directed anteriorly,
inferiorly and to the left

Base - directed posteriorly,
superiorly and to the right
Anterior surface - deep to the
stemum and ribs
Inferior surface - rests on the
diaphragm

Right border - faces right lung
Left border (pulmonary border) -
faces left lung

Stermum
Musce
Lot ung
Escohages
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* Pericardial Cavity:
v Surrounds the heart.

dcardium | o \
P Sercus \
Visceral percardium /
v Lined by the pericardium »
5y

pencardium

v Two lavers

Percardial sac iled
with pevicardiad Sukd

* Visceral pencardium
cpicardium):

Cowers heart surface

~1 2N oW
Pericardial Layers of the Heart

¥ ©rous per
Parwtal layer of
e

o (epecardnm)
":_,":'.: Apanary My oc ardem —
* Parnictal pericardium: Endocardium
Meart "_3.
Linecs pencardial sac that pa——
surrounds the heare.
s s

oI\ 342 B3P * The Heart Wall

v Epicardium (visceral pericardium):

Outermost layer.

@“ Endocardium.

Serous membrane.,

Inner lining of pumping chambers.

@ Continuous with endothelium
v Myocardium:

Middle layer.

Thick muscle layer.

S # Cardiac Muscle Cells

v Shorrer han shebetal musche fhen

¢ Mave 2 singhe nechous
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Autorhythmic Fibers: The Conduction System

.

An inherent and ythmical clectracal actin @y s B reamon for the heart's
lifelong beat.

¢ The source of this clectrical activity s & setwork of specalioed candiac
masche fiers calbed antorkythmic fibers becsow Suy srv self-euctable

Autorhythmic fiber repeatedly graveate aton potentials that trigger

heart contractions
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Valves

Atrioventricular Valves

A-V valves open and allow blood
to flow from atria into ventricles
when ventricular pressure is
lower than atrial pressure:

- occurs when ventricles are
relaxed, chordac tendineac
are slack and papillary
muscles are relaxed.

© Normal heart
anery Ligamentum

g
i

Right and left ventricles

*A-V valves close preventing backflow

of blood into atria :
-occurs when the ventricles
contract, pushing valve cusps
closed, chordae tendinae are pulled
taut, and papillary muscles contract
to pull cords and prevent cusps
from everting.

© Heart with patent ductus arteriosus -),
ot ¥
Patent ductus o

arteriosus

dorshY

© Left ventricle




Semilunar valves

Atrioventricular valves
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Action Potential and Contraction of Contractile Fibers

Membrane potential (mV)

4

«20

=
g

Plateau (maintained depolarization) due to
@ opening of voltage-gated slow Ca2* channels
and closing of some K* channels

© Repolarization due to opening of
voltage-gated K* channels and
closing of Ca2* channels

© Rapid depolarization due to
opening of voltage-gated
fast Na* channels

{@



Voltage-gated Na* channels close @ :
y Fast voltage-gated K* channels transiently open

L-type Ca2* channels open
“ Fast voltage-gated K* channels close
+20 — 1 /Slow delayed rectifier K* channels open
+10 K 2 /L-type Ca?* channels close

S

S

= —-10 ;

o] Fast delayed rectifier K* channels open

0 ]

i g Action

3 0

8 -30 .

5 - Fast voltage-gated Na* channels open Potential and
| § Sl K;. channels close C ¢ t'
E ontraction
] % K;; channels re-open
| = <«

of Contractile
Fibers

-50 — /
'_ Threshold potential




ELECTROCARDIOGRAM

The Electrocardiogram
* The major deflections and intervals in a normal

ECG include:
= P wave - atrial depolarization i

= P-Q interval - time it takes for

the atrial kick to fill the ventricles
= QRS wave - ventricular depolarization
and atrial repolarization

* S-T segment - time it takes to empty the ventricles

before they repolarize (the T wave)

* Analysis of an ECG also involves measuring the time spans between
waves, which are called intervals or segments.

* P-Q interval is the time from the beginning of the P wave to the beginning

of the QRS complex. It represents the conduction time from the beginning of DGpOh rmﬂo%

atrial excitation to the beginning of ventricular excitation.
* The S-T segment, which begins at the end of the S wave and ends at the
begmnmg of the T wave, repwwms the time when the ventricular contractile

* The Q-T interval extends from the start of the QRS complex to the end of

the T wave. It is the time from the beginning of ventricular depolarization

P Wave

QRS Complex

TWave

Ventricular
Ventricular Repolarization
epolarization




Control of the Heart by the Sympathetic
and Parasympathetic Nerves

c y oThe G e for or Ghapley. CWCNMMC’”‘KM—“’M&M’“ ‘
- . ' Sympathetic postganglionic " Adrenal medulla
T Plasma epinephrine neurons to skeletal muscle arterioles Secretes epinephrine
1 [ Release norepinephrine into blood
T Activity of L Activity of )| | ] [
sympathetlc ‘ parasympathetlc 1 Norepinephrine in extracellular fluid 1 Plasma epinephrine
nerves to heart nerves to heart
(Causes L (Causes
J L vasoconstriction) o B vasodilation)
SA node | Smooth muscle in skeletal muscle arterioles
THeart rate Altered arteriolar radius
26+ Maxmum sympathetc
- an . stimulabon
Table 12-3  Effects of Autonomic Nerves on the Heart
Sympathetic Nerves Parasympathetic Nerves -
Area Affected (norepinephrine on -adrenergic receptors) (ACh on muscarinic receptors) i
$A node Increased heart rate Decreased heart rate g il
AViod o Increased condoction rate Decreased conduction rate i e
& i (Parasympathetc
5 stimutaton)
Atnial muscle Increased contractiity Decreased contractility
) 0 - - -
Ventricular musck Increased contractikity No significan effect g -4 0 o4 8
Right atrial pressure (mm Hg)




- Parasympathetic stimulation (acetylcholine) doesn't affect beta receptors because
acetylcholine primarily interacts with muscarinic receptors on the heart, which mainly
influence the heart rate and conduction but not the contractility (force of contraction).

- Sympathetic stimulation (norepinephrine), on the other hand, acts on beta-1
adrenergic receptors on the cardiac muscle. When norepinephrine binds to these
receptors, it triggers a cascade that increases calcium ion influx into the cardiac
muscle cells, enhancing the strength of contraction (inotropy).

So, the key difference is that sympathetic stimulation directly influences contractility
by affecting calcium influx through beta-1 adrenergic receptors, while
parasympathetic stimulation has no significant effect on contractility because it
doesn’t interact with those receptors.
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CO = HR x SV, as follows.

The heart is the pump that moves the blood. Its activity can be
expressed as “cardiac output (CO)” in reference to the amount of blood
moved per unit of time.

Mean arterial pressure, which drives the blood, is the sum of the
diastolic pressure plus one-third of the difference between the systolic

and diastolic pressures.

The autonomic system dynamically adjusts CO and MAP.
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Oxygen balancing act

Ty
vt enters Qxygen — Oxygen
e e Supply Demand
« And ‘\ L> the organ needls
Nubrienl \ th;i <l
Arterial Coronary
Oxygen Blood
Content Flow

https:/ /www.cvphysiology.com/CAD/CAD006
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Etiology of ischemic heart disease

cause

Myocardial Oxygen
Supply and Demand

' O2 Supply 02 Demand ,

coronary blood flow heart rate

oxygen availability contractility
preload
afterload

ne (-Ficienl

U Lack of oxygen due to inadequate
perfusion of the myocardium causes
an imbalance between oxygen
supply and demand. supply
pp y ozl 22+ myocarlium —s imbalance o <J¢mand

U MI, an acute coronary syndrome,
results from reduced blood flow
through [one| of the coronary

arteries. This causes: myocardial
ischemia, injury, and necrosis.
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Coronary atherosclerosis L

TUNICA INTERNA (INTIMA)
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v" The most common cause of myocardial ischemia. v« tow=n ] .
L e st — e e = e s Y e & e
v’ Epicardialcoronary arteries are the major site. v ool OriraccpbVes L e T
B R gy e
v’ Men are more susceptible to MI than premenopausal women,
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is similar to that in men.
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v" Risk factors:
» Modifiable:
* Cigarette smoking.
u$» ¢ DM.
< « Hypertension. ——>
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Vascular endothelium

% The normal function of vascular endothelium:

o Local control of vascular tone.

o Maintenance of an anticoagulant surface. —= 3 >v=
o Defence against inflammatory cells.

\/ = wntraction?

L)

» Endothelial dysfunction:
o Inappropriate constriction.
o Luminal clot formation.

o Abnormal interactions with blood monocytes & platelets.

e
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Acute coronary occlusion
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> Thrombosis. .
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infarction surrounded by an area of injury.-e

| The area of injury is surrounded by a ring
) s n\e'\” e
N | of ischemia. Tlssue regeneraﬂon doesn’t
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g2 occur after an MI because the affected

Lj’f | myocardial muscle is dead.
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In short: The area of injury is et 15
more damaged (tissue is at high

risk of dying), while the ring of

ischemia has reduced blood ®
flow but is still in a less damaged ===
state.



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

https:/ /www.heartfoundation.org.nz/your-heart/heart-conditions /about-heart-attacks

|©
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Location of the obstruction

v’ Influence the quantity of myocardial ischemia.

v" Determines the severity of the clinical manifestations.
or~” - Y
s o

Blood clot

Left anterior
descending
artery
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o Collateral Circulation: i guir dii gs 6 o1 aba oo pall Juad! poaidt

*With sudden occlusion.
*With gradual developing atherosclerosis.
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1) Mechanical function: ( e vaclar tese ) 2 h;\y,':s
“hJ O
s

* Failure of normal muscle contraction & relaxation, Vv
* Ischemia of large portions of the ventricle; left ventricular failure.v

2) Biochemical function: ( theweis no enough O2)

* Fatty acid can’t be oxidized.

- i 3 i - b + be \wanl-
* Glucose is broken down into lactate. &,5p9\&3 3y Cell membrane function: %4 AeV & 13 S

<

S . » 1 - 3 . . -
= Reduced intracellular PH and ATP stores. Leakage of potassium and uptake of sodium by myocytes.
coniichion_ 4) Electrical function: j oo
ol [

2 - Vatedilebora <lo ot o ECG changes: ‘2 il
el - unliplaklel : BT WP ey

- Gt o e Repolarization abnormalities.

= antugonest” Transient ST-segment depression.

- ® Crclowl wenl” S =

i sympakhalic) : o Electrical instability:

Ventricular tachycardia and fibrillation.



Types of infraction

1. Subendocardial Infarction (95953 G cliui>l) NSTEMI
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Ischemic heart disease

Stable Angina < > Acute coronary syndrome
(Coronary artery * Unstable angina
disease) * Acute MI
Normal vessel Stable plaque Vulnerable plaque

Media

Intima
Fibrous

Lumen cap

Lipid pool

y

\
)

(1‘

(‘\
o \,/

ilttps: //www.amboss.com/us/ knowle(ige / Corona(y_artery_(iisease
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Angina is the
classic sign of CAD.
It usually occurs
after physical
exertion but can
also follow emetional
excitement,
exposure to cold, or
the consumption of
a large meal.

%

When to label it
stable or unstable

% If the pain is predictable and relieved by
rest or nitrates, it’s called stable angina.
If it increases in frequency and duration
and is more easily induced, it’s called
unstable or unpredictable angina.
Unstable angina is classified as an acute
coronary syndrome and is much more
likely to progress to an MI. Unstable
angina is thought to result from unstable
plaque rupture that can lead to thrombus
with an M1

Pathophysiology made incredibly easy!.—5th ed

o




[ Vulnerable Plaque ]

[ Plaque Rupture]

[Subclinical Plaque Growth ] [Myocardial Infarction]

ilttps: //www.amboss.com/us/ knowle(ige / Corona(y_artery_(iisease
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» A thrombus progresses and occludes blood flow, although an eatly thrombus
doesn’t necessarily totally block blood flow.

U Depending on the degree of occlusion, the effect is an imbalance in myocardial
oxygen supply and demand.

v' If the patient has unstable angina, a thrombus partially occludes a coronary vessel.
This thrombus is full of platelets. The partially occluded vessel may have distal
microthrombi that cause necrosis in some myocytes.

v' If smaller vessels infarct, the patient is at higher risk for MI, which may progress to
a non-ST elevation MI. Usually, only the innermost layer of the heart is damaged.

v If reduced blood flow through one of the coronary arteries causes myocardial
ischemia, injury, and necrosis, ST-segment elevation MI results. The damage
extends through all myocardial layers.



©
Types of Acute Coronary Syndrome
Unstable angina STEMI NSTEMI
epartial rupture of an artery «“classic” heart attack eintermediate form of ACS
edoes not cause permanent ecauses extensive heart ecauses less extensive damage
A damage to the heart damage to the heart
%

©

httﬁé: // M.verﬁéﬂhealth.com / non-si-segment-elevatioﬁ-myocardial—infarctibﬁ-hst'erf1i41746017



s Stable angina > An effort-related chest discomfort.

©» Characteristics: @ Q Physical examination:

* Heaviness.

* Pressure. v Atherosclerotic disease at other

. Squeezmg. sites. ©Q Other investigations:

* Smothering v" Important risk factors:

* Hyperlipidemia * Resting ECG: most important
@> Causes: oS DM. baseline investigation.
* Stress testing. (on bresbmell)
;‘;’CAD. v Left ventricular d\'efunctmn ¥ o
* Other heart diseases: R B v" Conditions that may ‘»,\ff,cffbg‘
. . oV Q Management:

* Aortic valve disease.” * angina:

- H h. d. X h oy *© I\ncfnlﬂ. . .l'\’carcful A«c“mlml e : :

sy - YPELLIOPIC CXCIOMYOPALAY A +0 Thyroid discase. —creistc i) limcnomo o r

& of~ ynyo@rd\uvnf - ¢ Application of treatment to improve hife expectancy.

et (] Laboratory examination: <O o
. ri, crapy:
o (] History: g therspy
e A man > 50 vears Urine analysis (DM and renal disease). ¢ Treatment for MI has three goals:
YU+ Full bood count e
O sta ¢ hea

: A woman 2 60 years° * Measurements of: v to reduce cardiac wirldoad.

. . - “ e Lipids.
.
Paln Wlth phySlcal & b+ Glucose. * Nitrates. — vasodilalors
emotional exertion. ¢ ¢ Creatinine. * PB-adrenergic blockers.
d ¢  Hematocrit. * Calcium antagonist.

o Last to 5-10 min. e* Thyroid function test. * Antiplatelet drugs.



Unstable angina Angina pectoris is rapidly worsening,

Physical examination:

* Diaphoresis. — blue skin

*  Pale cool skin, - vavew

* Sinus tachycardia, wetrh 7o
* 3.0r 4 heart sound.

[ Characteristics:

Occurs at rest, usually lasting >10 min.
Severe and of new onset.
Crescendo pattern.

.

~ e e . ’
A Causes: Biochemical markers: Sinus Tachycardia
] ] L Tl'OpOﬂiﬂ l & T «Qr interval
b Sharcs common pa(hoph)'ﬂologlcal . Crcatininc kinasc is()cnz}mc. ~ Within normal limits
mechanisms with acute ML :,u ,..'::.‘..‘,:::.'.. with tachyeardie
* Plaque rupture or erosion. E hanges:

* Dynamic obstruction (coronary spasm).
* Rapidly advancing coronary
atherosclerosis.

& History:

* History of chronic stable angina.
* May present as new phenomena.
* Chest pain ( substernal region, radiating to the neck, left shoulder

* 12lead ECG is mandatory.
* ST elevation or depression.

Management:

* Urgent admission to hospital.

and left arm). * Bed rest.
* Antiplatelet.
P * B-blockers (atenolol).
D . A
> * IV or buccal nitrates. — el
= * Revascularization. g
Seenm
v
e I




U Clinical features:

* Pain (severe, lasts longer).
* Breathlessness.
*  Vomiting,
* Collapse.
* Syncope.
(& Investigations:
» ECG:

Partial thickness infarction=>ST/T wave changes.

Transmural infarction=>ST elevation and Q waves,

» Biochemical markers.,
» Chest radiography.
» Cardiac US. ..

bManag;mmn

* Immediate access to hospital.
* High-flow oxygen.

* ECG monitoring.

DB :?r'{algcsia and antiemetic.

* Detect and manage acute complications:
*  Arrhythmia
* Ischemia
*  Heart failure.

*Occurs when there is zero flow or so little flow that

Myocardial infarction it can’t sustain cardiac muscle function.

*Occlusive thrombus in a coronary artery.

U Complications of infarction:

v

Arrhythmia.

Ischemia.

Acute circulatory failure.
Pericarditis, mtlamation of periaushu

Embolism.

U Causes of death in MI:

Decreased Cardiac output (CO).
Damming of blood in the pulmonary or
systemic veins.

Fibrillation.

Rupture of the heart.

Surgical treatment of coronary discase

* Aortic-coronary bypass surgery.
* Coronary angioplasty.




!"i)mnr\qh!-)/

“Heaviness

- resure

- Swﬂti”

= Smerhering

,rqm with H&
evoliona| Sxertion
——

angina

C o Pov | ~relainl
Chesl .Inonfvnj

(_\r\ultﬂ‘frl".l 1[4 ’
Celinionl fﬂ-lwv\l

N

Couuses
~CAD
- howrt dis eases
wNorkic valwve
0\4"..4-'-»9\«.

Caardd (o T yrpaby

! \4|5|'cr‘j

b — 4=

:
| man 750

woman 760

sl e
5 -10 min

-

! EXumiﬂh\‘-on

—
Ann

taciery DY
-

or

r,Aay-.u g

akers ol
tner WUbes,

3 )
v condnn
Cracmy
/‘\
ot
Thyro s
Mg
Rt merds
ot
L ripids
Gluome
Cvonline
8 e
Troid

—

Rebing (6 © shwem besing

| onrrol of- gyl ng

Maneseme!

. caretul assegmenl

= WenhFamton and
ConcliFiony

- (elenti¥icul-ions
of- high -risk PIs
- pp'\laul ion of.
Lol men!- Lo

'MM \fe
Q(pednm:z

«releve

| Chybhem
l - repluce

o\-her

- Fherapy

yonm 14,
Ches |
P-in

- Sabliee
el
B

curdiac

- occurs al" res|”
~lasl” 710 min

- Croscencho pakten

~ plagee ruphure
or erodon -

—DPynamic
ebshyruclion
(caronary spesm)
~Rapydl y
aduancing ceren.

- Chvoru'C
Sirabie angina

-new pheno
- chesl” puin

svbgernal

il —p S TE
S y vesis P SHines ‘L g
Diapht ool o Ay andic
E s

@80 chemiaal | : S tnine

kinase

ISoentym

Tropenin
(/1)
® ¢cc-

ST elewalion or depression

~urgentacdmssion
| Lo hespilal
| ~gest ves)-
= m\-;faa\-cld'
—P blockers
Cakenetol)
- 1V + buccal nikra

= Revascularizalvon

&Nwrokes

¥
B -blockery
=t arlasl

Tk
L%

Nk iplarele gl

Fhickness ihlard-on

- ST /% w'el-’

~To \hespital Rl
ausey -

_ Flow oxygen?

4




