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Coronary Artery Disease
Coronary artery disease is fatty plaques blocking the arteries that feed the heart
muscle, creating a mismatch between oxygen supply and oxygen demand that
causes chest pain, heart attacks, and heart failure.

T H E  S T O RY  I N  O N E  S E N T E N C E

Coronary artery disease is fatty plaques blocking the arteries that feed the heart muscle,

creating a mismatch between oxygen supply and oxygen demand that causes chest pain,

heart attacks, and heart failure.

“Coronary artery disease happens when fatty plaques build up inside the heart's own fuel lines

— the coronary arteries — narrowing them so less oxygen-rich blood reaches the heart muscle,

causing chest pain and raising the risk of heart attack.”

Normal anatomy — the body's job

The heart muscle receives its blood supply from the coronary arteries, which branch off the

aorta (the body's main artery) just above the aortic valve. The left main coronary artery splits

into two large branches — the left anterior descending artery (LAD, which runs down the front

of the heart) and the circumflex artery (which wraps around the left side) — while the right

coronary artery supplies the right side and often the bottom of the heart. These three main

vessels then branch into smaller and smaller arteries that dive deep into the heart muscle wall,

delivering oxygen and glucose to every single heart muscle cell so it can produce energy and

contract powerfully with every heartbeat.

B O D Y ' S  J O B

The coronary arteries are like dedicated fuel lines feeding a high-performance engine —

they deliver oxygen-rich blood (the fuel) directly to the heart muscle so it can keep

pumping nonstop, 24 hours a day, 100,000 beats a day, for your entire life.

Oxygen-rich blood leaves the left ventricle (the heart's main pumping chamber) and enters

the aorta during each heartbeat.

The coronary arteries branch off the aorta just above the aortic valve — the very first

branches off the aorta — and immediately wrap around the heart's outer surface.
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Blood flows through the three main coronary branches: the left anterior descending artery

(LAD) down the front wall, the circumflex artery around the left side, and the right coronary

artery along the right side and often the bottom.

Smaller branch arteries spread like tree branches across the outer heart muscle

(epicardium) and then dive deeper into the middle and inner layers of the heart wall.

Tiny capillaries (the smallest blood vessels, thinner than a hair) deliver oxygen and glucose

directly to individual heart muscle cells (cardiomyocytes).

Each heart muscle cell uses the oxygen to burn glucose and produce energy molecules

called ATP in its mitochondria (the cell's tiny power plants), and that ATP fuels the

contraction that squeezes blood out to the body.

What breaks

Fatty deposits called plaques slowly build up inside the coronary arteries, making them

narrower and stiffer. The trouble starts when the smooth inner lining of the artery — called the

endothelium — gets damaged by high blood pressure, chemicals in cigarette smoke, high blood

sugar from diabetes, or high levels of LDL cholesterol (the 'bad' cholesterol). Once that lining

is injured, tiny LDL cholesterol particles sneak underneath it and get stuck in the artery wall.

The body's immune system sends white blood cells called macrophages to clean up the

cholesterol, but the macrophages get overwhelmed and bloat into foam cells that pile up into a

growing plaque. Over years the plaque grows larger, bulging into the artery channel and

blocking blood flow. The plaque is covered by a thin cap of scar tissue, but if that cap cracks or

wears away, the fatty core is exposed to the bloodstream and a blood clot forms instantly,

suddenly blocking the artery completely.
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C L I N I C A L  T E R M

Atherosclerosis (buildup of lipid-rich plaques in the artery wall) develops when the

endothelium (the single-cell-thick inner lining of the artery) becomes dysfunctional due to

chronic injury from high blood pressure (hypertension), smoking, high blood sugar

(hyperglycemia), or elevated LDL cholesterol. Low-density lipoprotein cholesterol (LDL-C)

particles penetrate the damaged endothelium, enter the subendothelial space (the layer

just under the lining), and undergo oxidative modification. Oxidized LDL triggers an

inflammatory response, recruiting monocytes (circulating white blood cells) that migrate

into the artery wall, differentiate into macrophages, and engulf the oxidized lipid. These

lipid-laden macrophages become foam cells, which accumulate to form the fatty streak and

then a mature atherosclerotic plaque with a lipid-rich dead (necrotic) core covered by a

fibrous cap of smooth muscle cells and collagen. As the plaque grows it narrows the

arterial lumen (the open channel inside the vessel), reducing coronary flow reserve. Plaque

rupture or erosion exposes thrombogenic material (clot-triggering substances like tissue

factor) to circulating blood, activating the coagulation cascade and forming an occlusive a

blood clot (thrombus) (blood clot) that causes acute coronary syndrome.

How the body compensates

The body tries to maintain adequate blood flow to the heart muscle through several built-in

backup systems. Healthy segments of the coronary arteries can dilate (widen) to increase flow

when oxygen demand rises. Over time, tiny collateral vessels (natural bypass pathways

connecting different coronary branches) slowly enlarge to route blood around blockages. The

heart muscle itself adapts by extracting more oxygen from each drop of blood and shifting its

fuel mix to squeeze out more energy from limited oxygen. However, these compensations have

limits — once a coronary artery is more than 70% blocked, the backup systems cannot keep up

during exertion, and starved blood flow (ischemia) (oxygen shortage) causes chest pain.

{'step': 'Coronary vasodilation (artery widening)', 'detail': 'Healthy segments of the

coronary arteries release nitric oxide (a gas made by the endothelium) and adenosine (a

chemical released by working heart muscle) that relax the smooth muscle cells in the artery

walls, widening the channel to double or triple blood flow during exercise or stress. But this

only works in arteries that are still healthy — stiff, plaque-filled arteries lose their ability to

dilate.'}

{'step': 'Increased oxygen extraction', 'detail': 'The heart muscle already pulls about 70–

75% of the oxygen out of every drop of blood at rest (far more than other organs, which

extract only 25–30%). During starved blood flow (ischemia) the heart squeezes out even

more, increasing oxygen extraction up to 85–90%, but there is only so much extra oxygen

available — once extraction is maxed out, any further increase in demand causes starved

blood flow.'}
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{'step': 'Collateral vessel development (natural bypass growth)', 'detail': 'Over months to

years, if a coronary artery slowly narrows, tiny pre-existing connections (collateral vessels)

between different coronary branches can enlarge and create natural bypass routes around

the blockage. This process is driven by starved blood flow (ischemia) itself — low oxygen

triggers growth factors like VEGF (vascular endothelial growth factor) that stimulate new

vessel growth. However, collaterals usually provide only partial flow and rarely match the

capacity of the original artery.'}

{'step': 'Metabolic adaptation (fuel switching)', 'detail': "Normally the heart burns mostly

fatty acids for energy, but during starved blood flow (ischemia) (low oxygen) it shifts to

using more glucose because glucose produces slightly more ATP per molecule of oxygen

consumed. Heart muscle cells also increase the number of mitochondria (the cell's power

plants) to maximize energy production from whatever oxygen is available."}

{'step': 'Heart rate and contractility adjustment', 'detail': "The sympathetic nervous system

(the body's fight-or-flight system) can increase heart rate and squeeze force (contractility)

to maintain cardiac output (the amount of blood pumped per minute) when oxygen supply is

limited. However, this compensation has a dangerous downside — speeding up the heart

and squeezing harder both increase the heart's own oxygen demand, worsening the supply-

demand mismatch and triggering more starved blood flow (ischemia)."}

{'step': 'Left ventricular hypertrophy (heart muscle thickening)', 'detail': 'If coronary flow

remains reduced over months or years, or if high blood pressure forces the heart to pump

harder, the heart muscle cells enlarge (hypertrophy) to increase strength and reduce wall

stress. In the short term this helps, but thicker muscle needs more oxygen and the blood

supply often cannot keep up, so chronic starved blood flow (ischemia) and eventual heart

failure can develop.'}

Domino effect

Endothelial injury and dysfunction — Risk factors like high blood pressure (mechanical

shear stress), smoking (toxic chemicals), diabetes (high blood sugar damaging proteins),

and high LDL cholesterol injure the endothelium (the thin protective lining inside the

coronary arteries), reducing its production of nitric oxide (the artery's natural protector and

dilator) and making the lining leaky so cholesterol can sneak underneath.

LDL infiltration and oxidation — Small LDL cholesterol particles penetrate the damaged

endothelium, enter the artery wall, and become oxidized (chemically altered by free

radicals). Oxidized LDL is recognized as foreign and dangerous, triggering an inflammatory

alarm that recruits white blood cells (monocytes) into the artery wall.
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Foam cell formation and atherosclerotic plaque growth — Monocytes entering the artery

wall transform into macrophages (immune cells that eat debris) and gobble up the oxidized

LDL in an attempt to clean it up. But the macrophages become overwhelmed and bloat into

foam cells (so named because they look foamy under the microscope). Foam cells pile up,

die, and release their fatty contents, forming a lipid-rich dead (necrotic) core covered by a

fibrous cap of scar tissue — this is an atherosclerotic plaque. Over years the plaque grows

larger and bulges into the artery channel.

Stable angina (exertional chest pain) — Once the plaque blocks about 70% or more of the

artery lumen (the open channel), blood flow is adequate at rest but cannot increase enough

during exercise, emotional stress, or cold exposure when the heart needs more oxygen. This

supply-demand mismatch causes myocardial starved blood flow (ischemia) (lack of oxygen

to heart muscle cells), which triggers chest pain or pressure (angina) — typically felt in the

center or left chest, sometimes spreading to the jaw, shoulder, or arm, and relieved by rest

within a few minutes.

Plaque rupture or erosion — The fibrous cap covering the plaque can suddenly crack

(rupture) or wear away (erosion), especially if the cap is thin and the plaque is inflamed.

Triggers include sudden blood pressure surges (heavy lifting, intense emotion, waking up in

the morning), ongoing inflammation (enzymes from immune cells weaken the collagen in

the cap), or mechanical stress. Rupture exposes the highly thrombogenic (clot-triggering)

lipid core and tissue factor to flowing blood.

Acute clot formation (thrombosis) (blood clot formation) — When the plaque core is

exposed, tissue factor instantly activates the coagulation cascade (the blood clotting

system), and platelets (tiny clotting cells) stick to the ruptured surface. Within minutes a a

blood clot (thrombus) (blood clot) forms on top of the plaque, suddenly blocking most or all

blood flow through the coronary artery. This causes an acute coronary syndrome — either

unstable angina (severe chest pain at rest, but the clot is partial or breaking up so muscle is

not yet dead) or heart attack (myocardial infarction) (heart attack, where the clot is large

and stable enough to cause actual muscle death).

Heart attack (Myocardial infarction) (heart attack) — If a coronary artery is completely

blocked for more than 20–30 minutes, heart muscle cells downstream run out of oxygen and

ATP (energy molecules), cannot maintain their ion pumps, swell, and die (infarct). Dead

cells release troponin (a structural protein from inside the cell) and CK-MB (an enzyme)

into the bloodstream — lab tests detect these and confirm the heart attack. The infarcted

muscle is replaced by scar tissue, which cannot contract, permanently weakening the

heart's pumping power.
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Left ventricular dysfunction and heart failure — Dead or chronically blood-starved

(ischemic) (oxygen-starved) heart muscle cannot contract properly, reducing the heart's

ejection fraction (the percentage of blood pumped out with each beat; normal is 55–70%).

The remaining healthy muscle compensates by stretching and working harder, but over

time the left ventricle dilates (enlarges) and remodels into a weaker, less efficient shape. As

pumping power falls, blood backs up into the lungs (causing shortness of breath, especially

when lying flat) and fluid leaks into body tissues (causing ankle swelling) — this is

congestive heart failure.

Sudden cardiac death or cardiogenic shock — Severe starved blood flow (ischemia) or a

large heart attack (myocardial infarction) can trigger lethal arrhythmias (abnormal heart

rhythms) — most commonly ventricular fibrillation (the ventricles quiver uselessly instead

of pumping), causing sudden cardiac arrest and death within minutes unless an AED

(automated external defibrillator) or emergency shock restores rhythm. Alternatively, if so

much muscle dies that the heart cannot pump enough blood to keep vital organs alive

(cardiogenic shock — blood pressure drops, organs fail), death occurs without emergency

intervention such as mechanical circulatory support or emergency revascularization.

Symptoms · what the patient feels, and why

Chest pain or pressure with exertion: The coronary arteries (the blood vessels that feed the

heart muscle itself) are narrowed by plaque buildup, like a pipe clogged with gunk. When

you move or climb stairs, your heart beats faster and needs more oxygen. But the narrowed

pipes can't deliver enough oxygen-rich blood, so the heart muscle goes hungry — that's

called starved blood flow (ischemia) (not enough blood reaching the tissue to feed it). The

starving muscle sends pain signals that you feel as tightness or squeezing in your chest.

Chest pain at rest lasting more than 20 minutes: A coronary artery may be almost

completely blocked or shut off by a blood clot forming on top of a plaque. Now the heart

muscle is being starved of oxygen even when you're sitting still. If this lasts long enough,

the muscle cells start to die — that's a heart attack (myocardial infarction) (heart attack).

The pain doesn't ease because the blockage isn't opening back up on its own.

Shortness of breath with mild activity or at rest: When the heart muscle isn't getting

enough blood, it can't pump as strongly. Blood backs up into the lungs, causing fluid to leak

into the tiny air sacs — called pulmonary congestion (like the lungs getting waterlogged).

This makes it harder for oxygen to pass from air into your blood, so you feel short of breath

even with light effort or just sitting.
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Pain in the jaw, neck, arm, or back during exertion: The pain signals from your heart travel

up through nerves in your spinal cord. Because the heart and these other areas share some

of the same nerve wiring, your brain sometimes gets confused about where the pain is

really coming from. This is called referred pain — the ache you feel in your arm or jaw is

actually the heart's distress signal taking a detour.

Sudden severe weakness or loss of consciousness: Severe lack of oxygen to the heart

muscle can trigger dangerous abnormal heart rhythms — like ventricular a fast heart rate

(tachycardia) (the lower pumping chambers beating wildly and uselessly) or complete heart

block (the electrical signal can't travel through the heart at all). Either way, the heart stops

pumping blood effectively, so your brain doesn't get enough oxygen and you pass out or feel

suddenly very weak.

Nausea, vomiting, or indigestion-like discomfort: When the back or bottom wall of the heart

isn't getting enough blood, it can irritate the vagus nerve (a long nerve that connects the

brain to the stomach and heart and controls automatic body functions like digestion). This

nerve sends signals that upset your stomach, making you feel sick, queasy, or like you have

bad heartburn.

New or worsening fatigue that limits daily activities: Over time, narrowed coronary arteries

mean the heart can't pump as well as it should. Your body's muscles and organs don't get as

much oxygen-rich blood, like running on a low battery. This makes everyday tasks — like

walking, climbing stairs, or even getting dressed — feel exhausting because your whole

body is running on less fuel.

Heavy cold sweating with chest discomfort: Severe starved blood flow (ischemia) or a heart

attack flips on your body's alarm system — the sympathetic nervous system (your fight-or-

flight response). This floods your blood with stress hormones called catecholamines

(adrenaline and noradrenaline), which make your sweat glands kick into overdrive. You

break out in a cold, clammy sweat even though you aren't hot or exercising.

Focused exam

Blood pressure in both arms: Blood pressure above 130/80 speeds up plaque buildup in

arteries (called atherosclerosis) and forces the heart to work harder, needing more oxygen.

If the numbers differ by more than 10–15 points between arms, it signals a blockage under

the collarbone or trouble in the big artery leaving the heart (the aorta), which means

disease in many blood vessels and changes what we do next.
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Heart rate and rhythm by feeling the pulse and listening with a stethoscope: A fast heart

rate (over 100 beats per minute) makes the heart need more oxygen and shortens the time

when blood flows into the heart's own arteries (they fill when the heart relaxes between

beats). An uneven, skipping rhythm often means atrial fibrillation (an irregular, quivering

heartbeat)—the top chambers of the heart quiver instead of squeezing—which raises the

risk of stroke five times and complicates treatment.

Listening to the heart for extra sounds (S3, S4) or whooshing noises (murmurs): An S3

sound (a low thump right after the main heartbeat) means the heart is failing to pump well,

so blood backs up. An S4 sound (a thump just before the main beat) means the heart muscle

is stiff from not getting enough blood or from thickening. A new whoosh between beats can

mean a valve is leaking because a tiny muscle holding it broke from lack of blood—urgent

and dangerous.

Listening to the lungs for crackling sounds or muffled breath sounds: Crackles on both

sides (little popping noises when breathing in) mean fluid is leaking into the air sacs of the

lungs—called pulmonary edema (fluid flooding the lungs)—because the left side of the heart

is too weak to push blood forward. This tells us the heart attack is severe or the pump is

failing, and we need to pull fluid out with medicine right away.

Feeling pulses in the neck (carotid), groin (femoral), and feet (pedal): Weak or missing

pulses mean blockages in arteries outside the heart, called peripheral arterial disease,

which happens for the same reasons coronary disease does. A whooshing sound over the

neck arteries (called a a whooshing sound over a vessel (bruit)) signals a narrowing there

and raises stroke risk. When disease is in many arteries, the risk of heart trouble is higher

and surgery plans may change.

Yellow bumps on the skin or eyelids (xanthomas, xanthelasmas): These waxy yellow spots

are piles of cholesterol sitting under the skin, a sign of very high cholesterol—often from a

genetic problem called familial hypercholesterolemia where the body cannot clear bad

cholesterol. This causes early, aggressive plaque buildup in the arteries and requires strong

cholesterol medicine plus checking family members.

Diagnostics · every test answers a question

12-lead electrocardiogram (ECG) → Is the heart muscle starving for blood right now, has a

heart attack already killed part of it, or is the heart's electrical system breaking down in a

dangerous way?

Troponin I or troponin T (blood test) → Are heart muscle cells dying or have they died?

Transthoracic echocardiogram (ultrasound of the heart) → How well is the heart squeezing,

are any walls not moving because they are not getting blood, are the valves working, and

are there complications from a heart attack?
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Lipid panel (total cholesterol, LDL, HDL, triglycerides) → How bad is the cholesterol

problem driving plaque buildup?

Stress test (exercise ECG, stress echo, or nuclear imaging) → Does physical effort trigger a

lack of blood to the heart, how bad is it, how much can the patient do before trouble starts,

and what does that predict for the future?

Coronary CT angiography (CTA, a special X-ray scan with dye) → Is there plaque in the

coronary arteries, where is it, and is it blocking flow?

Invasive coronary angiography (cardiac catheterization, threading a tiny tube into the heart

arteries and injecting dye) → Exactly where and how tight are the blockages, and do we

need to fix them with a stent or bypass surgery?

Hemoglobin A1c and fasting blood sugar → Does the patient have diabetes, or is their

diabetes out of control, adding more risk to their heart?

Treatment logic

High-dose statin (atorvastatin 40–80 mg or rosuvastatin 20–40 mg daily) → Statins block an

enzyme in the liver that makes cholesterol, dropping LDL by half or more. They also calm

inflammation inside plaques and make plaques less likely to crack open and cause a clot.

Over time, this cuts the risk of heart attack, stroke, and death by 25–35% in people with

coronary disease. The benefit grows the longer you take it.

Two antiplatelet drugs: aspirin (81–162 mg daily) plus a P2Y12 inhibitor (clopidogrel 75 mg,

ticagrelor 90 mg twice daily, or prasugrel 10 mg daily) → Platelets are tiny blood cells that

clump together to form clots. When a plaque cracks, platelets rush in and can seal off the

artery completely. These medicines block two different steps in platelet clumping, so even if

one pathway tries to activate, the other is jammed. Using two together (dual antiplatelet

therapy) lowers the chance of clotting inside a stent by over 80% and cuts repeat heart

attacks by 20–30% after an acute coronary syndrome, compared to aspirin alone.

Beta-blocker (metoprolol, carvedilol, or bisoprolol) → Beta-blockers attach to receptors on

the heart and block adrenaline's push, slowing the heart rate and weakening each beat

slightly. This makes the heart need less oxygen—helpful when arteries cannot deliver

enough. They lower blood pressure, reduce chest pain episodes, and, after a heart attack,

prevent dangerous rhythm problems and cut the risk of dying, especially if the heart is

weak (ejection fraction under 40%).
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ACE inhibitor (lisinopril, enalapril, ramipril) or ARB (losartan, valsartan) if ACE inhibitor

causes cough → These medicines block a hormone cascade (the renin-angiotensin-

aldosterone system) that tightens blood vessels and makes the heart swell and stiffen after

injury. By stopping that, they lower blood pressure, ease the heart's workload, and prevent

the heart from reshaping in harmful ways after a heart attack. They reduce death and

future heart events by 20–25% in people with coronary disease who also have a weak heart

or diabetes.

Percutaneous coronary intervention (PCI): threading a balloon and stent through an artery

in the wrist or groin to the blockage, inflating the balloon to squash the plaque, then

leaving a tiny metal mesh tube (stent) to hold the artery open → PCI mechanically opens the

artery in minutes, restoring blood flow immediately. It stops a heart attack in its tracks (if

done within 90 minutes of arrival for ST-elevation MI, it saves lives), relieves chest pain in

most patients, and prevents further muscle death. The stent keeps the artery open long-

term.

Coronary artery bypass graft surgery (CABG): taking a vein from the leg or an artery from

the chest wall and sewing it to bypass the blocked segments, creating new routes for blood

→ CABG can bypass several blockages at once, giving more complete blood flow than stents

in complex disease. It improves survival compared to medicine alone when the left main

artery is blocked, all three major arteries are diseased, or two arteries including the big one

in front (proximal LAD) are blocked. Bypass grafts last longer than stents in many vessels,

with fewer repeat procedures in the first 5–10 years.

Nitrates (nitroglycerin under the tongue for acute chest pain, or long-acting isosorbide for

daily prevention) → Nitrates release nitric oxide in blood vessels, relaxing smooth muscle

and widening arteries (including coronary arteries). This increases oxygen delivery to the

heart and lowers the pressure the heart pumps against (afterload), cutting oxygen demand.

Sublingual nitroglycerin stops an angina attack in 1–3 minutes. Long-acting forms reduce

the number of angina episodes per week.

Medications

Atorvastatin · HMG-CoA reductase inhibitor (statin)

Atorvastatin blocks an enzyme in liver cells called HMG-CoA reductase. This enzyme is the

main control point for making cholesterol. When the liver cannot make enough cholesterol on

its own, the liver cells pull LDL cholesterol (the 'bad' cholesterol) out of the blood by putting

more LDL catcher molecules on their surface. This lowers the amount of LDL floating in the
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blood. The drug also quiets down inflammation inside the fatty plaques that clog arteries,

making those plaques more stable and less likely to crack open and cause a heart attack.

Atorvastatin enters liver cells and blocks the HMG-CoA reductase enzyme by fitting into the

spot where the enzyme normally works.

The blocked enzyme cannot turn HMG-CoA into mevalonate, so the entire cholesterol-

making assembly line stops.

The liver cell senses the low cholesterol inside and turns on genes that make more LDL

receptor proteins.

More LDL receptors appear on the liver cell surface, grab LDL particles from the blood, and

pull them inside to be broken down.

With less LDL available, plaques get less fuel to grow. The drug also calms inflammation in

plaques, making them less likely to rupture.

S A F E T Y  WAT C H

Watch for muscle pain (myalgia). If pain develops, check a blood test for creatine kinase.

Severe muscle breakdown (rhabdomyolysis) is rare but can be deadly and causes dark

urine and kidney failure. · Check liver enzyme blood tests before starting and then

periodically. If the ALT or AST goes above three times the normal upper limit, stop the

drug. · Never use during pregnancy (category X). Cholesterol is needed to build a baby's

brain and body. A pregnancy test is needed before starting in women who can get

pregnant. · Statins raise the risk of new diabetes by about 10 to 12 percent, but the benefit

of preventing heart attacks far outweighs this risk.

Aspirin · Antiplatelet agent (irreversible cyclooxygenase-1 inhibitor)

Aspirin permanently blocks an enzyme called cyclooxygenase-1 (COX-1) inside platelets by

sticking an acetyl chemical tag onto a specific spot on the enzyme. This stops platelets from

making thromboxane A2, a powerful signal that tells platelets to clump together and form

clots. Because platelets have no control center (nucleus) to build new enzyme, one dose of

aspirin shuts down that platelet for its entire 7 to 10 day life. This makes the blood less likely

to clot where a plaque cracks open in a coronary artery.

Aspirin is absorbed in the stomach and small intestine and enters the bloodstream.

The drug enters platelets and sticks permanently to the COX-1 enzyme, locking it in the 'off'

position.

Without working COX-1, platelets cannot turn arachidonic acid (a fat inside cells) into

prostaglandin H2 and then into thromboxane A2.

Without thromboxane A2, platelets are much less likely to stick together when they touch a

ruptured plaque.
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Taking aspirin daily ensures that new platelets released from the bone marrow are blocked

before they can help form dangerous clots.

S A F E T Y  WAT C H

Aspirin raises the risk of bleeding in the stomach and intestines. If you have had an ulcer

or GI bleeding before, the doctor may add a proton pump inhibitor like omeprazole to

protect the stomach. · Stop aspirin 5 to 7 days before planned surgery to let platelet

function recover, unless the heart risk of stopping is very high (like recent stent). · Do not

use if you have an active ulcer, are allergic to aspirin, or have asthma with nasal polyps

(aspirin can trigger severe breathing trouble). · Aspirin increases the risk of bleeding in

the brain. Avoid it if blood pressure is uncontrolled above 180 over 110.

Metoprolol · Selective beta-1 adrenergic receptor blocker

Metoprolol blocks beta-1 receptors on heart muscle cells. These receptors are docking spots

for adrenaline and noradrenaline (the body's stress hormones). When the drug blocks these

spots, the stress hormones cannot signal the heart to speed up or squeeze harder. The heart

beats slower, pumps less forcefully, and sends electrical signals through the AV node (the relay

station between the top and bottom chambers) more slowly. This cuts how much oxygen the

heart muscle needs and helps prevent dangerous fast rhythms that can happen after a heart

attack.

Metoprolol fits into beta-1 receptors on heart muscle cells, blocking adrenaline and

noradrenaline from binding.

With receptors blocked, the adenylyl cyclase enzyme inside the cell does not turn on.

Without adenylyl cyclase working, the cell does not make cAMP (a messenger molecule that

opens calcium channels).

Less calcium enters the cell, so the heart beats slower and squeezes less hard, using less

oxygen.

A slower heart rate gives the heart more time to fill with blood during diastole (the rest

phase), which is when blood flows through the coronary arteries to feed the heart muscle.

S A F E T Y  WAT C H

Watch for a heart rate below 50 beats per minute and low blood pressure. The dose may

need to be lowered. · Do not use if you have severe a slow heart rate (bradycardia) (very

slow heart), second- or third-degree heart block without a pacemaker, or heart failure that

is getting worse right now. · Use carefully in asthma or COPD. Metoprolol is 'selective' for

beta-1 at low doses, but higher doses can also block beta-2 receptors in the lungs and

cause wheezing. · Never stop metoprolol suddenly after taking it for a long time. Taper the

dose over 1 to 2 weeks to prevent rebound fast heart rate and high blood pressure.
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Nitroglycerin · Nitrate vasodilator

Nitroglycerin is turned into nitric oxide gas inside the smooth muscle cells that wrap around

blood vessels. Nitric oxide flips on an enzyme called guanylate cyclase, which makes cyclic

GMP. Cyclic GMP tells the smooth muscle to relax. When veins relax, less blood comes back to

the heart (lowering preload, like easing the demand on a pump). When arteries relax, the heart

pumps against less resistance (lowering afterload, like opening a kink in a hose). Both changes

mean the heart needs less oxygen, and chest pain goes away within a few minutes.

Nitroglycerin enters smooth muscle cells in blood vessel walls and is broken down by

mitochondrial aldehyde dehydrogenase to release nitric oxide.

Nitric oxide turns on guanylate cyclase, which converts GTP (a fuel molecule) into cyclic

GMP.

Cyclic GMP activates protein kinase G, which changes proteins that control calcium levels

inside the cell, lowering calcium.

With less calcium inside, the myosin and actin filaments (the cell's contraction machinery)

cannot grip each other, so the muscle relaxes.

Blood vessels widen. Less blood returns to the heart and the heart pumps against less

pressure, so the heart muscle needs less oxygen and the pain stops.

S A F E T Y  WAT C H

Nitroglycerin causes dangerous low blood pressure if combined with erectile dysfunction

drugs like sildenafil (Viagra) or tadalafil (Cialis). Never use within 24 hours of sildenafil or

48 hours of tadalafil. · It often causes a bad headache because it widens blood vessels in

the brain. Treat the headache with acetaminophen. The headache usually gets better after

a few doses. · Your body gets used to nitroglycerin if you use it continuously. To keep it

working, have a 10 to 14 hour 'nitrate-free' period each day (usually overnight). · Do not

use if you have a right ventricular heart attack. Lowering preload in this situation can

cause blood pressure to crash.

Clopidogrel · P2Y12 receptor antagonist (antiplatelet agent)

Clopidogrel is an inactive drug until liver enzymes turn it into the active form. The active form

sticks permanently to the P2Y12 receptor on the surface of platelets. This receptor is a docking

spot for ADP (a chemical released when platelets activate). When the receptor is blocked, ADP

cannot tell other platelets to turn on and clump together. This breaks the snowball effect that

normally builds clots at sites where plaques rupture or on the metal mesh of coronary stents.

Clopidogrel is absorbed in the intestine and travels to the liver, where CYP2C19 and other

enzymes convert it into the active thiol form.
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The active form travels in the blood and makes a permanent bond with a part of the P2Y12

receptor on platelets.

When ADP binds to the blocked receptor, nothing happens. The platelet cannot activate the

GPIIb/IIIa receptor, which is the final switch for clot formation.

Without GPIIb/IIIa turned on, fibrinogen (a sticky protein) cannot link platelets together

into clumps.

The antiplatelet effect lasts for the platelet's entire 7 to 10 day life. You need to take it daily

to block new platelets coming out of the bone marrow.

S A F E T Y  WAT C H

Clopidogrel raises bleeding risk, especially when combined with aspirin. Watch for unusual

bruising, blood in urine or stool, or bleeding that will not stop. Check hemoglobin if

symptoms appear. · Some people (2 to 15 percent depending on ancestry) have a gene

variant that makes them poor metabolizers of clopidogrel through CYP2C19. These

patients do not activate the drug well and have higher rates of heart attacks. Consider

switching to ticagrelor or prasugrel. · Stop clopidogrel 5 days before planned surgery to

let platelets recover, unless you just got a stent (stopping too soon raises the risk of a

deadly stent clot). · Rare but serious: thrombotic thrombocytopenic purple bleeding

blotches (purpura) (TTP) can happen in the first 2 weeks. Watch for fever, low platelet

count, confusion, or weakness. Get emergency care if these occur.

Lisinopril · Angiotensin-converting enzyme (ACE) inhibitor

Lisinopril blocks the ACE enzyme that normally turns angiotensin I into angiotensin II.

Angiotensin II is a powerful hormone that squeezes blood vessels tight and tells the adrenal

glands to make aldosterone, which holds onto salt and water. When ACE is blocked, blood

vessels relax (lowering blood pressure and the resistance the heart pumps against), the

kidneys let go of more salt and water (shrinking blood volume and the load returning to the

heart), and harmful thickening and scarring of heart muscle after a heart attack are reduced.

Blocking ACE also raises levels of bradykinin, which helps blood vessel linings work better.

Lisinopril binds to the active site of the ACE enzyme in the lungs and blood vessel lining.

The blocked enzyme cannot snip two amino acids off angiotensin I, so angiotensin II cannot

form.

Less angiotensin II means less activation of AT1 receptors in blood vessels, adrenal glands,

and kidneys.

Blood vessels relax, lowering blood pressure. The kidneys make less aldosterone, so they

dump more salt and water, shrinking blood volume.

ACE also breaks down bradykinin, so blocking ACE raises bradykinin levels. More

bradykinin boosts nitric oxide production, which helps blood vessels relax and stay healthy.
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S A F E T Y  WAT C H

Check blood tests for potassium and creatinine (kidney function). Lisinopril can raise

potassium, especially if you also take potassium pills, potassium-sparing diuretics like

spironolactone, or NSAIDs like ibuprofen. · Never use during pregnancy. It causes the

baby's kidneys to fail and can cause death. Women who can get pregnant need reliable

birth control while taking this drug. · About 10 to 20 percent of people get a dry, tickling

cough from ACE inhibitors because bradykinin builds up in the lungs. If the cough is

unbearable, switch to an ARB (like losartan). · Very rare but dangerous: angioedema

(sudden swelling of the lips, tongue, or throat that can block breathing) happens in about

0.1 to 0.5 percent of people, more often in Black patients. Stop the drug immediately and

get emergency care if swelling occurs.

Red flags

Chest pain lasting more than 20 minutes with sweating or nausea — suggests a heart attack

happening right now and needs an ECG and trip to the catheterization lab (where doctors

can open the blocked artery) immediately.

Sudden severe chest pain that rips or tears into the back — may mean an aortic dissection

(the main artery from the heart is tearing apart, not a coronary blockage). Needs an urgent

CT scan and fast blood pressure control.

New shortness of breath or leg swelling with chest pain — suggests a large heart attack or

a torn valve muscle inside the heart. Needs an urgent ultrasound of the heart

(echocardiogram) to see what's broken.

Passing out or losing consciousness with chest pain — may mean a deadly heart rhythm like

ventricular a fast heart rate (tachycardia) or complete heart block. Needs immediate heart

monitor and shock treatment if needed.

Nursing priorities

Monitor for chest pain and obtain 12-lead ECG within 10 minutes — Coronary artery

disease (CAD) causes narrowed heart arteries that may lead to acute coronary syndrome

(sudden blockage causing heart attack). Early ECG identifies ST-elevation heart attack

(myocardial infarction) (STEMI, complete artery blockage) versus non-STEMI, guiding time-

sensitive treatment like percutaneous coronary intervention (PCI, balloon and stent to open

artery).

• 

• 

• 
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Administer aspirin 162 to 325 mg chewable immediately if chest pain occurs — Aspirin

inhibits platelet aggregation (clumping of blood cells that form clots) within 5 minutes

when chewed. This reduces a blood clot (thrombus) (blood clot) size in coronary arteries

and lowers mortality by 23 percent in acute heart attack (myocardial infarction) (heart

attack) per AHA/ACC guidelines.

Assess for heart failure signs including trouble breathing (dyspnea), crackles, and jugular

venous distension — Chronic CAD weakens the myocardium (heart muscle) over time,

reducing ejection fraction (percentage of blood pumped out each beat). Left ventricular

dysfunction causes pulmonary edema (fluid flooding the lungs) (fluid in lungs) and

peripheral swelling (edema) (swelling in legs), requiring diuretics (water pills) and ACE

inhibitors (medicines that relax blood vessels).

Monitor blood pressure and titrate beta-blockers to target heart rate 55 to 60 beats per

minute — Beta-blockers like metoprolol reduce myocardial oxygen demand (how much

oxygen the heart needs) by slowing heart rate and contractility (force of heartbeats). AHA/

ACC guidelines recommend target resting heart rate under 60 to prevent starved blood

flow (ischemia) (lack of oxygen to heart tissue) and reduce cardiovascular mortality by 24

percent.

Ensure statin therapy is prescribed with LDL cholesterol goal below 70 mg/dL — High-

intensity statins like atorvastatin 40 to 80 mg reduce low-density lipoprotein (LDL, bad

cholesterol) that forms atherosclerotic plaques (fatty deposits in artery walls). Aggressive

lipid lowering stabilizes plaques and decreases major adverse cardiovascular events by 25

percent in established CAD patients.

Educate on nitroglycerin use: one tablet under tongue every 5 minutes for chest pain, call

911 if no relief after first dose — Sublingual nitroglycerin dilates coronary arteries (widens

heart blood vessels) and reduces preload (blood returning to heart), relieving angina (chest

pain from heart oxygen shortage) within 3 minutes. Persistent pain despite nitroglycerin

suggests acute heart attack (myocardial infarction) requiring emergency catheterization

(procedure to visualize and open blocked arteries).

Assess for antiplatelet therapy adherence and check for bleeding complications — Dual

antiplatelet therapy (DAPT) with aspirin plus P2Y12 inhibitors like clopidogrel prevents

stent clot formation (thrombosis) (clot forming in stent) after PCI. Premature

discontinuation increases stent clot formation risk 20-fold. Monitor for gastrointestinal

bleeding, pinpoint bleeding spots (petechiae) (tiny red spots), and black tarry stool (melena)

(black tarry stools) indicating excessive anticoagulation.
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Screen for modifiable risk factors including smoking, diabetes control with HbA1c below 7

percent, and blood pressure under 130/80 mmHg — Smoking doubles CAD risk through

endothelial dysfunction (damage to artery lining) and promotes plaque rupture. High blood

sugar (Hyperglycemia) (high blood sugar) accelerates atherosclerosis (artery hardening).

Optimal management of these factors prevents disease progression and reduces recurrent

events by 30 percent per AHA guidelines.

Sources

AHA/ACC 2021 Chest Pain Guideline

ACC/AHA 2022 Guideline for Management of Patients With Chronic Coronary Disease

AHA/ACC 2020 Guideline on Management of Patients With Non-ST-Elevation Acute

Coronary Syndromes

ACC/AHA 2023 Acute Coronary Syndrome Guideline

Last reviewed: 2026-08-29
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