Group 3 - Case 1: Acute Coronary Syndrome
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Genetics

A\

(brother)

'

Age: 64 ylo ]

v

[ Sex: Male

MI experienced by
first-degree relative

Men have higher blood
pressure and develop
cardiovascular diseases
earlier than women.

Men are diagnosed at a
Younger age and lower body fat
mass than women.

‘With age, most of the Risk of ath I
arteries stiffen; blood pressure RSO ] ef"°5° e"’j‘;
can rise significantly. increased after age

Elevated free fatty
acid levels

Excess lipid
build-up in muscle
cells

Impaired insulin
signaling process
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Modifiable Factors

Sedentary lifestyle:
Bank manager
(Predisposing RF)

Decreased
Physical Activity

Energy Imbalance

Reduced Thyroid
Hormones

Increased
Cholesterol levels

v

Alcohol consumption:
"Social Drinker”
(Predisposing RF)

Absorption of
ethanol in the stomach
and small intestine.

Ethanol is
metabolized by
alcohol dehydrogenase
(ADH) and CYP2E1
to acetaldehyde

Acetaldehyde is
metabolized into
acetate by aldehyde

dehydrogenase
(ALDH)

Body Fat
Accumulation 3 3:?;22‘?::1 e
(Adipose) |
|
,,,,,,, 2

Endothelial
Dysfunction

hormones

Y

Smoked 5-10 cigarettes a day between the
age of 30 to 59 (7.25-14.5 pack years)
(Predisposing RF)

Smoking:

Stimulation of the
release of epinephrine
and norepinephrine

Receptors
(nAChRs)

Matrix

(MMPs)

Vascular
Inflammation

Y

Oxidative Stress

Metalloproteinases

3 ROS production
(Oxygen-containing
reactive species)

Arterial Remodeling

2 Nitric Oxide
(NO) levels

Xposure to nicotine’
in lungs and
bloodstream

Activation of
Nicotinic Acetylcholine

chole

Plaque Formation

Imbalance of
HDL and LDL
sterol

Inhalation of
free radicals

stream

Intracellular signaling
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Hypertension (HTN) Proinflammatory Adipocyte

changes Hypertrophy

Binds to B-1 adrenergic
receptors

pathways by cyclic adenosine

Blocks substance that tightens Telmisartan
the vessels
monophosphate and protein

/ 3 Blood Pressure H Vasodilation /
Calcium channel blocker (CCB)/A% Amlodipine
kinase A (PKA)

Blocks cathecolamine receptor
activation by competing for the Metropolol
same receptor
Slope of phase 4 in the nodal NA influx Repolarization of phase 3 in the
action potential
v ‘

Firing rate of the pacemaker
cells and [J heart rate

£ Pressure on
the arterial wall

/

nodal action potential
- . Refractory period and
Cardiac output Eepueciivlofiiciendetiay Excitability and conduction
myocardium velocity

Damage to the \

endothelial wall /™~

Type Il Diabetes

.
|
|
|
|
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A

Previous Myocardial

Infarction

|

Myocardium
fibrosis

A

(2 Cardiac Output

Acute Coronary
Syndrome

Chronic Ischemia
Heart Disease
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| / Alterations in V
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| in blood vessels
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|
: Vascular Stiffening Hyperglycemia :
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|
LDL accumulate in ; " . L Hardening and
- £ Endothelial £ Insulin Resistance N
the mumaanlear{ler of the BT (associated with HTN) narrowing olf blood
vessels
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recruitment of h:
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differentiate into oxidized LDL core" overtime cap atheroma
macrophages
Y
Coronary Artery
Disease

Insufficient blood

Compensatory
mechanism of heat

Y

3 02 Demand

Y

supply

Y

Stress on the
plague

\

Unstable plaque in
left anterior descending
coronary artery

Free radicals
oxidize LDL to form a
reactive and cytotoxic
compound

\

Fibromuscular cap
overlying fatty plaque
ruptures

BP, [y HR,
Cardiac contraction, and
Coronary blood
flow

\

Thrombogenic
plague contents are
exposed to the
coagulation factors in
the vessel lumen

Activation of platelets
and the clotting cascade
at the site of rupture

Thrombus formation
over plaque at left
anterior descending
coronary artery

Eventually, completely
occludes lumen

Blood flow at
myocardium

Endothelium
dysfunction

Activation of SNS

Smoking, Diabetes, LDL -
cholesterol

Sudden physical activity

Y

Stable plaque at

<t—( left anterior descending

coronary artery

A

Fibromuscular cap
overlying fatty plaque
contents remains
intact

Plague content not
removed into vessel
lumen

Plaque is a fixed
luminal obstruction to
blood flow

\

Vessel Stenosis

\

Myocardial ischemia

Angina

No coronary

interventions
performed

No angioplasty or
stent placement

\J

Progression of
Coronary Artery
Disease

Endothelial injury

igh C reactive
protein (CRP) due to
inflammation

\
uptake of
LDL cholesterol by
macrophages

Y

Foam cell
formation

Plaque formation

STEMI
(Anteroseptal
Myocardial
Infarction)

Relieved by resting
or nitroglycerin

>

Granulation
tissue

A

Scar tissue

S-T segment elevation
V1-vV4

Free radicals
enters blood

Diagram key

Modifiable Factors
Non-modifiable Factors
Precipitating Factors
Medications
Medication Mechanism
Clinical Manifestations

Mechanisms
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Patient's Disease

A
L

Assumptions

Stimulating insulin
signaling and glucose
transport in muscle

Activates adenosine
monophosphate kinase

Rate of gluconeogenesis
glycogenolysis

Supresses endogenous
glucose production by the
liver

Metformin

Effects of insulin;

"Insulin Sensitizer"

Renal reabsorption of
glucose

/ Empagliflozin /L>

Inhibits sodium-glucose
co-transporter-2 (SGLT-2)

3 Urinary excretion of
glucose

Prevents ADP binding to P2Y1!
Receptors

/ Clopidrogel

Hrreversibly binds to P2Y12 ADP

3 LDL receptors on the surface
of hepatic cells

/ Atorvastatin

Platelet Aggregation

2/
Activation of Glycoprotein
GPlIb/Illa complex

2 Cholesterol Production in
Liver

Blocking long-chain
s-ketoacyl-coa thiolase

Inhibition of B-oxidation of fatty
acids

3 Production of ATP with less
02 demand

[ Trimetazidine /L>
/ ISMN /L.

Relation of vascular smooth
muscle

Exogenous Source of Nitric
Oxide

Dilation of peripheral arteries
and veins

Increased blood flow to the hechreased 02 supply to the heaM Decreased Cardiac Workload H Relieved Chest Pain /

o A Promotes vasodilation and
/ Nitroglycerin /—7/ N

Left-sided heart

failure

Myocardial
Dysfunction

A

(Left ventricle)

Systolic

Blood pressure
Function

(BP 92/60 mmHg)

Stroke Volume

[2 Cardiac Output Preload

Compensatory
Mechanism:
Reflexive Activity in SNS
to maintain CO

Skin Arterioles
Vasoconstriction

Cool Skin

xudative fluid fills
some alveoli, collapsing
them

\A

During inspiration,
air enters and opens
alveoli

Bibasal Fine Crackles

Diastolic
Function

Diastolic
Compliance

Refill of Left
Ventricle

Blood backs up into
Left Atrium

Y Left Atrium
. . Pressure
Y Diaphoresis
Desensitization of
[B-adrenergic receptors;
No effect on a-andrenergic  /
receptors
Blood from LA
accumulates in the
\/ pulmonary vasculature
Generalized
Vasoconstriction Y
Pulmonary
v Venous Pressure

Pulmonary capillary
pressure exceeds capillary
osmotic pressure

capillaries t

(pulmonary edema) /

Respiratory center
to compensate by
Respiratory Rate

Fluid leak from alveolar
0 interstitium

Impaired cross
bridge formation and
detachment of
cardiomyocytes

Blood in Right
Ventricle

\

Blood in Right
Atrium

<
<

Blood in Superior
Vena Cava

3 Blood in Internal
Jugular Vein

Jugular
Venous Pressure
JVP)

Neck Vein Engorgement

/

Lung Stiffness

/
Lung Compliance

Gas Exchange

/

v

A

> other parts of the body is

When supine,
fluid from legs and

Fluid
accumulates in the
posterior wall of the lungs
which compress lung
tissue

redistributed to already
distended lungs

After 2-3 hours
supine while
sleeping, fluid and blood
volume in lower limb is
reabsorbed into

Ventilation of

perfused alveoli

02 Desaturation

(92%)

Y circulation
Orthopnea
Blood volume,
v further overloads the

Tachypnea (RR of 22
cycles/min)

Dyspnea

failing left ventricle

Sitting up: fluid
re-settles in lower
lung lobes, and blood
perfuses better ventilated
upper lobes, f§ gas
exchange

More blood backs
up into lungs,
pulmonary
congestion

\i \/
Orthopnea relieved by sitting Paroxysmal Nocturnal
upright Dyspnea

Production

Decreased ATP

Myocardial Ischemia

Lactic acidosis

Oxygen
availability to
myocardial tissue

Hypoxia/Anoxia

No oxygen

Mitochondrial injury

Nuclear damage

Cellular Injury
and/or Cellular Death

(myocytes)

Dead, damaged
cardiac myocytes
release inner contents
into the blood

Troponin proteins
released into blood

Serum cardiac
troponins: cTnl

Surrounding,
non-infarcted areas:
functioning

Adaptive hypertrophy

Left ventricular
hypertrophy

PMI at 5th ICS
anterior axillary line

Local myocardial

inflammation

Inflammatory
mediators irritates
cardiac plexus

\4

Decreased preload

Increased perfusion /

T1-T4
sympathetic afferents
are irritated

A
Signals enter
spinal cord, mixes
with T1-T4
dermatomes

Brain interprets
nerve irritation as pain
coming from T1-T4
dermatomes

Y

Chest tightness; Sudden
pressing pain (9/10) over

anterior chest, radiating to

jaw and left arm. not
relieved by medicine and
rest

Cardiac branches
of vagus nerve are
irritated

Reflexive vagal
response is activated

(

Dizziness

Nausea

> Induces Stress

production is
stimulated

Cue adrenal
glands to release

ACTH

cortisol

Gluconeogenesis

Adrenal gland
produces
Epinephrine

Suppressed
Insulin Secretion

Plasma
Glucose

Activation of

System

Hepatic and
Muscle
Glycogenolysis

Sympathetic Nervous

Growth
Hormone

Adipose
Tissue
Lipolysis

Post-Ganglionic
Sympathetic
Nerves

Norepinephrine

Plasma
Fatty Acids and
Glycerol

Hyperglycemia
(CBG: 191 mg/dl)
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