MALDEK
CONDITION CATALOG - CLINICAL REASONING

Chest Pain and ACS Triage

Chest pain triage means finding the life-threatening causes first: STEMI (complete
blockage heart attack), NSTEMI (partial blockage heart attack), unstable angina
(heart pain at rest or getting worse), aortic dissection (tear in the body's biggest
artery), pulmonary embolism (a clot lodging in a lung artery) (blood clot in the
lung), cardiac tamponade (the heart squeezed by fluid around it) (blood or fluid
squeezing the heart so it cannot fill), tension pneumothorax (air trapped in the
chest pushing the heart sideways), and esophageal rupture (hole torn in the
swallowing tube).

THE STORY IN ONE SENTENCE

Chest pain triage means finding the life-threatening causes first: STEMI (complete
blockage heart attack), NSTEMI (partial blockage heart attack), unstable angina (heart
pain at rest or getting worse), aortic dissection (tear in the body's biggest artery),
pulmonary embolism (a clot lodging in a lung artery) (blood clot in the lung), cardiac
tamponade (the heart squeezed by fluid around it) (blood or fluid squeezing the heart so it
cannot fill), tension pneumothorax (air trapped in the chest pushing the heart sideways),
and esophageal rupture (hole torn in the swallowing tube).

“Chest pain triage: sort by who will die first if you wait, then go after the upstream break
before the body runs out of time.”

Normal anatomy — the body's job

Your heart is a hollow muscle about the size of your fist. It sits in the center of your chest,
tilted slightly to the left. The heart has four rooms—two upper rooms called atria that collect
blood, and two lower rooms called ventricles that pump blood out. The left ventricle is the
strongest because it has to push oxygen-rich blood all the way around your body. To do that
powerful work, the heart muscle itself needs fuel.
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BODY'S JOB

Three coronary arteries run along the outside of the heart like a crown (that is why they
are called coronary—it means crown). The right coronary artery feeds the right side and
the bottom wall. The left main coronary splits into the left anterior descending artery,
which feeds the front wall and the septum (the wall between the two ventricles), and the
circumflex artery, which feeds the side and back walls. Blood flows into these arteries
during diastole—the moment between beats when the heart relaxes. Oxygen-rich blood
soaks into the heart muscle, and then tiny veins carry the used blood back to the right side
of the heart. As long as the coronary arteries stay open and the heart does not demand
more than they can deliver, the muscle stays pink, strong, and pain-free.

1. Blood leaves the left ventricle through the aorta—the body's biggest artery—and the very
first branches off the aorta are the coronary arteries.

2. The left main coronary artery splits into two: the left anterior descending (LAD) runs down
the front, and the circumflex wraps around the side and back.

3. The right coronary artery travels along the right side and curves under the heart to feed
the bottom wall.

4. Oxygen and fuel soak from these arteries into the heart muscle cells during the relaxation
phase of every heartbeat.

5. Tiny cardiac veins collect the used blood and drain it into the right atrium, completing the
loop.

What breaks

Chest pain triage is hunting for the handful of upstream breaks that will kill someone in
minutes to hours if you miss them. Usually the problem is supply versus demand: either the
coronary arteries cannot deliver enough oxygen-rich blood, or the heart is being forced to work
so hard that even open arteries cannot keep up.
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CLINICAL TERM

Acute coronary syndrome (ACS) is the umbrella term for STEMI, NSTEMI, and unstable
angina—all caused by coronary artery supply failing to meet myocardial oxygen demand.
In STEMI, a ruptured atherosclerotic plaque triggers complete thrombotic blockage
(occlusion) of a coronary artery, causing transmural starved blood flow (ischemia) (the full
thickness of the heart wall is starving). In NSTEMI, the clot is incomplete or the artery is
only partly blocked, so starved blood flow is subendocardial (the inner layer suffers most).
Unstable angina means blood-starved (ischemic) chest pain at rest or with less effort than
before, but troponin stays normal because no cells have died yet. Type 2 MI is supply-
demand mismatch—coronary flow is reduced by something other than plaque rupture (like
severe anemia, low blood pressure (hypotension), or a fast heart rate (tachycardia)), or
demand shoots up beyond what the arteries can provide (like with high blood pressure
(hypertensive) emergency or sepsis). Aortic dissection is an intimal tear in the aorta; blood
splits the vessel wall layers apart, and the dissection can extend backward to cover the
coronary artery ostia or forward to tear open in the chest. Pulmonary embolism (a clot
lodging in a lung artery) is a a blood clot (thrombus) (usually from a deep leg or pelvic
vein) that lodges in the pulmonary arteries, blocking blood flow to the lungs and straining
the right ventricle. Cardiac tamponade (the heart squeezed by fluid around it) is fluid
(blood, pus, or serous fluid) filling the pericardial sac and compressing the heart so it
cannot fill during diastole. Tension pneumothorax is air trapped under pressure in the
pleural space, collapsing the lung and shifting the mediastinum so venous return drops.
Esophageal rupture (Boerhaave syndrome) is a full-thickness tear, usually from violent
vomiting; gastric contents spill into the mediastinum and cause fulminant mediastinitis.

How the body compensates

The body fights hard to keep blood pressure and oxygen delivery stable even while the
upstream break is getting worse. Heart rate climbs, blood vessels squeeze down, and
adrenaline floods the system. For a while, vital signs can look reassuring—normal pressure,
normal oxygen saturation—but underneath, the margin for error is vanishing. The danger zone
is that deceptive middle period when everything seems fine until suddenly it is not, and by then
the window to save the heart muscle or the patient's life has nearly closed.

1. In early starved blood flow (ischemia), the sympathetic nervous system fires: heart rate and
blood pressure rise to try to push more blood through narrowed or blocked arteries.

2. Adrenaline makes you sweat, feel nauseated, and anxious—those are not side effects; they
are the body's alarm system.

3. If a coronary artery is completely blocked (STEMI), heart muscle starts dying within 20 to
40 minutes; every minute of delay means more dead tissue.
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10.

11.

. If the left ventricle is injured, it may pump less effectively, but for the first hours blood

pressure can stay normal because vessels squeeze down and heart rate speeds up to
compensate.

. In aortic dissection, blood pressure may be high in one arm and low in the other, or it may

look normal while the tear is silently extending; mortality rises about 1 to 2 percent per
hour if untreated.

. In pulmonary embolism (a clot lodging in a lung artery), the right ventricle strains against

the blockage; the patient may look stable until the right heart fails and blood pressure
crashes.

. In tamponade, each heartbeat fills the ventricles less and less; the body compensates by

speeding the heart and clamping down vessels, so you see a fast heart rate (tachycardia)
and narrow pulse pressure before the final drop.

. A single normal troponin at presentation does not rule out acute coronary syndrome—

troponin takes 3 to 6 hours to rise after starved blood flow (ischemia) starts, so serial
troponins (0 and 3 hours, or 0 and 1 hour with high-sensitivity assays per ESC or AHA
guidelines) are required.

. The most dangerous mistake is missing an aortic dissection and giving thrombolytics or

anticoagulation, which will cause fatal bleeding (hemorrhage) into the chest.

The second most dangerous mistake is missing STEMI and losing the narrow window for
reperfusion; door-to-balloon time should be under 90 minutes, and every 30-minute delay
increases mortality.

Watch for the tipping point: once compensatory mechanisms exhaust—when heart rate
cannot climb higher, vessels cannot squeeze tighter, or the injury burden overwhelms
reserve—blood pressure, oxygen, and consciousness drop fast, and saving the patient
becomes exponentially harder.

Domino effect

1.

A coronary artery gets blocked by a clot, or the heart is forced to work harder than its
blood supply can support. — Whether the problem is a ruptured plaque with clot formation
(thrombosis), a spasm, or a supply-demand mismatch, the result is the same: part of the
heart muscle is starving for oxygen.

. Blood-starved (Ischemic) heart muscle screams in pain that feels like pressure, tightness,

squeezing, or a heavy weight on the chest. — When cells run out of oxygen they switch to
anaerobic metabolism, which makes lactic acid and other waste products that irritate nerve
endings; your brain reads that signal as deep, crushing discomfort—not sharp or stabbing,
but dull and relentless.
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3. The pain radiates to the jaw, neck, shoulders, or left arm. — The heart and those areas
share overlapping nerve pathways in the spinal cord (cervical and thoracic segments), so
your brain cannot always tell exactly where the pain is coming from—a phenomenon called
referred pain.

4. The sympathetic nervous system floods your body with adrenaline and stress hormones. —
The brainstem senses that the heart—the body's most critical pump—is in danger, so it
triggers a full-blown fight-or-flight response to try to boost blood flow and oxygen delivery.

5. You start sweating (diaphoresis), feel nauseated, and have an overwhelming sense of dread
or doom. — Adrenaline opens sweat glands, slows digestion (causing nausea), and activates
the fear centers in your brain; these are not random symptoms—they are the body's all-
hands alarm.

6. An ECG shows ST-segment elevation (STEMI) or depression (NSTEMI/starved blood flow
(ischemia)), T-wave inversion, or new Q waves. — Blood-starved (Ischemic) or dying heart
cells cannot conduct electricity normally; the ECG maps the electrical signature of injury,
and the pattern tells you which coronary artery is blocked and which wall of the heart is
affected.

7. Troponin level rises in the blood within 3 to 6 hours and peaks at 12 to 24 hours. — When
heart muscle cells die, their membranes break open and spill troponin—a protein normally
locked inside—into the bloodstream; the higher the troponin, the more muscle has been
damaged.

8. If the blockage is not opened quickly, the affected heart muscle dies (infarcts) and turns
into scar tissue that cannot pump. — Heart muscle has almost no ability to regenerate; once
it is dead, it is replaced by fibrous scar, so the heart becomes weaker, raising the risk of
heart failure, arrhythmias, and sudden death—which is why every minute counts in getting
the artery open again.

Symptoms - what the patient feels, and why

* Pressure, squeezing, or heaviness in the center of the chest (often brought on by activity,
relieved by rest): The heart muscle is not getting enough oxygen-rich blood because a
coronary artery (one of the heart's own supply pipes) is narrowed or blocked, so the muscle
‘cries out' with this tight, heavy feeling.

* Pain or discomfort spreading to the left arm, jaw, neck, back, or stomach: The heart and
these areas share the same nerve pathways in the spinal cord, so the brain sometimes
'reads' heart pain as coming from the arm, jaw, or belly—a trick called referred pain.

* Sweating (cold, clammy skin) without obvious reason: The body's stress system
(sympathetic nervous system) kicks in when the heart is struggling, triggering sweat glands
all over—like an alarm bell that something serious is happening inside.
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* Shortness of breath (with or without chest discomfort): When part of the heart muscle is
starved for oxygen, it pumps less effectively; blood and fluid back up into the lungs, making
each breath feel harder and leaving the person gasping for air.

* Nausea or vomiting: The heart and stomach share some of the same nerve signals, and the
body's stress response can upset the stomach, especially during a heart attack; women
often notice this symptom more than men do.

* Light-headedness or feeling faint: The weakened heart cannot pump enough blood to the
brain, so blood pressure drops and the person feels woozy or close to passing out.

* Sudden, severe 'ripping' or 'tearing' pain radiating to the back: The aorta (the body's
largest artery) is literally tearing apart inside—a life-threatening emergency called aortic
dissection that mimics a heart attack but needs very different treatment.

* Sharp, stabbing chest pain that worsens with deep breathing or lying flat, plus a scratchy
sound on exam: The thin sac around the heart (the pericardium) is inflamed—called
pericarditis—so every heartbeat and breath rubs the irritated layers together, causing
sharp pain and sometimes a friction rub the doctor can hear.

* Sudden sharp pain on one side, trouble breathing, and absent breath sounds on that side:
Air has leaked into the space around the lung (a pneumothorax, or collapsed lung),
squashing the lung so it cannot fill; this is not a heart attack but must be recognized and
treated urgently.

* Sharp pain with breathing, low oxygen on the monitor, fast heart rate, and sometimes
coughing up blood: A blood clot has traveled to the lung (pulmonary a traveling clot lodging
in a vessel (embolism)), blocking blood flow and preventing oxygen exchange; the heart
speeds up to try to compensate, and the lung tissue beyond the clot is injured.

Focused exam

* Pressure or heaviness under the breastbone that came on with exercise, climbing stairs, or
strong emotion: The heart muscle needs oxygen-rich blood, especially when it works hard.
When an artery clogs, the muscle cannot get enough blood and starts to suffocate. This
crushing or squeezing feeling is the signal that the heart is starving.

* Pain spreads to the jaw, neck, left shoulder, or down the left arm: The heart and those body
parts share the same nerve wires back to the brain. When the heart hurts, the brain gets
mixed-up signals and thinks the pain is also coming from the jaw or arm. This spreading
pattern is a hallmark of blocked heart arteries.

* Sweating, nausea, and a feeling of doom or dread: The body's alarm system—the autonomic
nervous system—kicks in hard when the heart is in danger. These symptoms are not just
anxiety; they are the body's way of shouting that blood flow to the heart is blocked and life
is at risk.
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* Fast heart rate and fast, shallow breathing: The body tries to make up for the starving heart
muscle by pumping faster and breathing harder to pull in more oxygen. These vital-sign
changes show the heart is struggling and compensating for lost blood flow.

* Sudden ripping or tearing pain in the chest or back, between the shoulder blades, with a
big difference in blood pressure between the right and left arm: This is NOT a heart attack
—it is aortic dissection, where the inner layer of the body's largest artery tears open like
wallpaper peeling off. Blood thinner or clot-busting medicine will make the tear worse and
can kill the person. You must spot this immediately and get imaging, not an EKG alone.

* Sudden sharp pain that gets worse with every breath in, low oxygen on the finger monitor,
and fast heart rate: This points to a blood clot in the lung (pulmonary a traveling clot
lodging in a vessel (embolism)), not a blocked heart artery. The clot blocks blood from
picking up oxygen in the lungs, so the oxygen level drops and the heart races to try to make
up for it. The pain is sharp because the lung lining is inflamed.

* Sharp chest pain that gets better when you lean forward and worse when you lie flat, with a
scratchy or rubbing sound heard through the stethoscope: This is pericarditis—the sac
around the heart is swollen and irritated, and the layers rub together like sandpaper. It is
not a heart attack, but you still need an EKG and troponin to rule out blocked arteries
because the symptoms can overlap.

Diagnostics - every test answers a question

* 12-lead electrocardiogram (EKG or ECG) — Is a heart artery completely blocked right now,
causing a full-thickness heart attack?

* High-sensitivity cardiac troponin I or T = Are heart muscle cells dying and leaking their
contents into the blood?

* Chest X-ray (two views: front and side) — Is the heart too big, is there fluid in the lungs, or
is there air where it should not be?

* CT pulmonary angiography (CTPA) — Is there a blood clot stuck in the lung arteries?

* CT angiography of the chest (with IV contrast) — Is there a tear in the aorta, and where is
it?

* D-dimer (blood test) — Is the body breaking down clots somewhere, making pulmonary
embolism (a clot lodging in a lung artery) more likely?

* Complete blood count (CBC) and basic metabolic panel (BMP) — Is the patient anemic (low
red cells that carry oxygen), or are electrolytes off in a way that stresses the heart?

* Brain natriuretic peptide (BNP or NT-proBNP) — Is the heart muscle stretched and failing,
causing backup of fluid and shortness of breath?
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Treatment logic

* 12-lead EKG within 10 minutes of arrival — Shows exactly which heart artery is blocked,
how bad the blockage is, and whether the full thickness of the heart wall is dying (ST
elevation). This tells you whether the patient needs the cardiac catheterization lab opened
immediately or can be managed with medicine and stress testing later.

» For ST-elevation MI (STEMI): Activate the cath lab for percutaneous coronary intervention
(PCI) within 90 minutes, or give fibrinolytic therapy (e.g. tenecteplase, alteplase) within 30
minutes if PCI is not available. Give aspirin 162-325 mg chewed, a P2Y12 inhibitor
(clopidogrel 600 mg, ticagrelor 180 mg, or prasugrel 60 mg), and anticoagulation
(unfractionated heparin bolus 60 units/kg then 12 units/kg/hr, or enoxaparin 1 mg/kg
subcutaneous every 12 hours) — Aspirin stops platelets from clumping. The P2Y12 inhibitor
blocks a second platelet pathway so the clot cannot grow. Heparin keeps new clot from
forming while the cardiologist threads a catheter up to the blockage and opens it with a
balloon and stent. Fibrinolytics dissolve the clot chemically if you cannot reach a cath lab in
time. Time is muscle—every minute of delay kills more heart cells.

* High-intensity statin (atorvastatin 80 mg or rosuvastatin 40 mg) started immediately and
continued daily — Stabilizes the cholesterol plaque that ruptured and started the whole
cascade. Reduces inflammation in the artery wall so another plaque does not break open in
the next days or weeks. Lowers LDL cholesterol over time to slow plaque growth.

* For aortic dissection: IV beta-blocker (esmolol 500 mcg/kg bolus then 50-200 mcg/kg/min,
or labetalol 20 mg IV push then 40-80 mg every 10 minutes) to slow heart rate to 60 bpm,
THEN vasodilator (nicardipine 5 mg/hr IV or nitroprusside 0.3 mcg/kg/min IV) to lower
systolic blood pressure to 100-120 mmHg. Emergent cardiothoracic surgery consult for
Type A; medical management + endovascular repair for Type B — Every heartbeat
hammers the torn aorta and pushes the tear wider. Slowing the heart and dropping the
pressure stops the tear from extending and reduces the risk of rupture while you get
imaging and prepare for surgery or intervention.

» For pulmonary embolism (a clot lodging in a lung artery): Anticoagulation with
unfractionated heparin (80 units/kg bolus, then 18 units/kg/hr IV), low-molecular-weight
heparin (enoxaparin 1 mg/kg subcutaneous every 12 hours), or a direct oral anticoagulant
(apixaban 10 mg twice daily X 7 days, then 5 mg twice daily; rivaroxaban 15 mg twice daily
x 21 days, then 20 mg daily). If massive PE with shock or severe right heart strain, give
systemic fibrinolysis (alteplase 100 mg IV over 2 hours) or catheter-directed therapy —
Heparin and oral anticoagulants stop the clot from growing while the body's own enzymes
slowly dissolve it over days to weeks. Fibrinolytics or catheter suction dissolve or remove
the clot faster when the right heart is failing under the pressure load and the patient is
about to crash.
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* For tension pneumothorax: Immediate needle decompression (14- or 16-gauge

angiocatheter inserted at the 2nd intercostal space, midclavicular line, or 4th-5th
intercostal space, anterior axillary line) followed by chest tube (28-32 French) placement —
The needle lets trapped air escape so the collapsed lung stops pushing the heart and big
veins to the side, which was blocking blood from returning to the heart. Blood pressure and
oxygen improve within seconds. The chest tube keeps the space drained so air does not re-
accumulate and the lung can re-expand.

* Supplemental oxygen to keep oxygen saturation = 90% (but avoid hyperoxia > 96% in

confirmed MI, per recent data suggesting possible harm) — Increases the amount of oxygen
dissolved in the blood and carried by red cells, so the starving heart muscle or oxygen-
deprived tissues get more fuel to stay alive.

Medications

Aspirin - Antiplatelet agent (cyclooxygenase inhibitor)

Aspirin stops platelets (tiny blood cells that make clots) from sticking together. It does this by
blocking an enzyme called COX-1, which platelets need to make a sticky chemical called
thromboxane A2. Without that chemical, platelets cannot clump. This keeps a clot in the
blocked heart artery from growing bigger.

U & W N

. Aspirin enters the bloodstream and reaches circulating platelets.

. It permanently blocks the COX-1 enzyme inside each platelet.

. COX-1 can no longer make thromboxane A2, the signal that tells platelets to stick together.
. Platelets lose their ability to clump and grow the clot.

. Blood can flow more easily past the partial blockage, and the clot is less likely to get bigger

and cause a full heart attack.

SAFETY WATCH

Bleeding risk: Aspirin makes it harder for blood to clot anywhere in the body, so
nosebleeds, stomach bleeding, or bruising can happen more easily. - Stomach upset or
ulcers: Aspirin can irritate the stomach lining; take it with food if tolerated, and watch for
black or tarry stools (a sign of stomach bleeding). - Allergy: Some people are allergic to
aspirin (hives, wheezing, swelling). If known allergy exists, tell the team immediately. - Do
NOT use in children or teenagers with viral illness (risk of Reye syndrome, a rare but
serious brain and liver problem).
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P2Y12 inhibitor (clopidogrel, ticagrelor, or prasugrel) - Antiplatelet agent
(P2Y12 receptor blocker)

These drugs block a different pathway platelets use to stick together. Platelets have a receptor
called P2Y12 that responds to a chemical signal (ADP) telling them to clump. By blocking that
receptor, the drug stops platelets from getting the 'stick together' message. Combined with
aspirin (which blocks a separate pathway), this dual blockade keeps clots from growing in the
narrowed heart artery.

1. The drug enters the bloodstream and binds tightly to the P2Y12 receptor on each platelet.

2. When injured tissue releases ADP (a chemical signal), platelets cannot sense it because the
receptor is blocked.

3. Platelets lose the second major signal for clumping (the first signal, blocked by aspirin, is
thromboxane A2).

4. With both pathways shut down, platelets are much less able to stick together and grow the
clot.

5. Blood flow in the partially blocked coronary artery improves, and the risk of complete
blockage drops.

SAFETY WATCH
Bleeding risk: Like aspirin, these drugs make bleeding more likely (nosebleeds, bruising,
gastrointestinal bleeding). Watch for unusual bruising or blood in stool or urine. -
Ticagrelor can cause shortness of breath in some people (usually mild and goes away; not
dangerous, but tell the team if it happens). - Prasugrel carries a higher bleeding risk than
clopidogrel and is not used in patients who have had a stroke or are over 75 years old
(unless very carefully selected). - Do NOT stop suddenly without talking to your doctor—
stopping too soon after a stent can cause the stent to clot off and trigger a heart attack.

Heparin (unfractionated) or enoxaparin (low-molecular-weight heparin) -
Anticoagulant (indirect thrombin inhibitor)

Heparin works with a natural protein in your blood called antithrombin. Antithrombin normally
slows down clotting, but it works slowly. Heparin turbocharges it—making antithrombin 1,000
times faster at shutting down thrombin (the enzyme that weaves the clot's mesh) and factor Xa
(an earlier enzyme in the clotting chain). This stops new clot threads from forming and keeps
the existing clot from growing.

1. Heparin binds to antithrombin, a natural brake on clotting.

2. The heparin-antithrombin team rapidly inactivates thrombin (which builds the fibrin mesh
of a clot) and factor Xa (which makes thrombin).

3. New clot threads cannot form, and the existing clot stops growing.
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4. Blood flow around the clot improves, buying time for the heart muscle.

5. The body's own clot-dissolving system can begin to nibble away at the clot edges.

SAFETY WATCH
Bleeding risk: Heparin makes bleeding more likely. Watch for unusual bruising, blood in
urine or stool, or prolonged bleeding from cuts. - Heparin-induced a low platelet count
(thrombocytopenia) (HIT): Rarely, heparin can cause the immune system to attack
platelets, which paradoxically increases clotting. If platelet count drops by half or more,
the team will stop heparin immediately and switch to a different blood thinner. - Dosing
must be monitored: Unfractionated heparin requires frequent blood tests (aPTT) to make
sure the dose is right. Enoxaparin (low-molecular-weight heparin) is dosed by weight and
usually does not need monitoring. - Kidney function matters: Enoxaparin is cleared by the
kidneys, so dose adjustment is needed if kidney function is poor.

Nitroglycerin - Nitrate vasodilator

Nitroglycerin releases nitric oxide inside the walls of blood vessels. Nitric oxide is a natural
signal that tells smooth muscle in vessel walls to relax. When the muscle relaxes, veins widen
(reducing the amount of blood returning to the heart, so the heart does less work) and
coronary arteries widen slightly (improving blood flow to the heart muscle). Both effects lower
the oxygen demand of the heart and can ease chest pain.

. Nitroglycerin breaks down in the blood vessel wall and releases nitric oxide.
. Nitric oxide activates an enzyme (guanylate cyclase) inside smooth muscle cells.

. The enzyme makes a chemical (cGMP) that tells the muscle to relax.

_ W N e

. Veins widen, so less blood returns to the heart; the heart pumps against less volume and
uses less oxygen.

5. Coronary arteries widen slightly, allowing more blood (and oxygen) to reach struggling
heart muscle.

6. Chest pain often eases within 1 to 3 minutes.
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SAFETY WATCH

Blood pressure drop: Nitroglycerin can lower blood pressure suddenly, causing dizziness
or fainting. The patient should sit or lie down when taking it. - Headache: Widening blood
vessels in the brain often causes a throbbing headache; this is common and usually
tolerable. - Do NOT use with phosphodiesterase-5 inhibitors (sildenafil, tadalafil,
vardenafil)—the combination can cause life-threatening blood pressure drops. - Do NOT
use in right ventricular tissue death from blocked blood flow (infarction) or severe aortic
narrowing (stenosis)—nitroglycerin can drop blood pressure dangerously low in these
cases. - Tolerance: The body adapts to continuous nitroglycerin, so a nitrate-free interval
(usually overnight) is built into chronic therapy to keep it working.

Morphine - Opioid analgesic

Morphine binds to opioid receptors in the brain and spinal cord, blocking pain signals and
changing how the brain interprets pain. It also reduces anxiety and can slightly widen blood
vessels, lowering the heart's workload. In acute coronary syndrome, morphine is used for
severe chest pain that nitroglycerin has not relieved—it helps the patient feel less distress
while the team works to open the artery.

U & W N

. Morphine enters the bloodstream and crosses into the brain and spinal cord.

. It binds to mu-opioid receptors on nerve cells that carry or process pain signals.
. Pain signals are blocked or dampened before they reach conscious awareness.

. The brain's emotional response to pain (anxiety, fear) is also reduced.

. The patient feels calmer and less chest pain, which lowers stress hormones and can reduce

the heart's oxygen demand slightly.

SAFETY WATCH
Respiratory depression: Morphine can slow breathing, especially at higher doses or in
patients with lung disease. The team monitors oxygen levels and breathing rate closely. -
Low blood pressure: Morphine can widen veins and drop blood pressure; this is usually
mild but can be a problem if blood pressure is already low. - Nausea and vomiting:
Common side effect; anti-nausea medicine is often given alongside morphine. - Masking
symptoms: Some guidelines now recommend using morphine sparingly in ACS, because it
may delay recognition of worsening symptoms and has been associated (in observational
studies) with slightly worse outcomes. It is reserved for severe, refractory pain. - Addiction
potential: In the acute setting, a few doses for heart-attack pain carry very low addiction
risk, but morphine is a controlled substance and must be used carefully.
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Statin (atorvastatin or rosuvastatin, high-intensity) - HMG-CoA reductase
inhibitor (cholesterol-lowering agent)

Statins block an enzyme in the liver (HMG-CoA reductase) that makes cholesterol. With less
cholesterol being made, the liver pulls more cholesterol out of the blood to use for its needs,
lowering blood cholesterol levels. Over weeks and months, this shrinks cholesterol deposits in
artery walls, stabilizes plaques (making them less likely to rupture), and reduces inflammation.
In acute coronary syndrome, starting a high-dose statin right away has been shown to improve
outcomes even before cholesterol drops—likely because statins also calm inflammation in the
plaque.

1. The statin enters liver cells and binds to HMG-CoA reductase, the enzyme that controls
cholesterol production.

2. Cholesterol synthesis inside the liver drops.

3. Liver cells sense the cholesterol shortage and put more LDL receptors on their surface to
grab cholesterol from the blood.

4. Blood LDL cholesterol (the 'bad' cholesterol) falls.

5. Over time, plaques in the arteries shrink and become more stable (less likely to crack open
and trigger a clot).

6. Statins also reduce inflammation markers (like C-reactive protein), which further stabilizes
plaques.

SAFETY WATCH

Muscle aches (myalgia): Some people feel muscle soreness or weakness; usually mild, but
rarely statins can cause severe muscle breakdown (rhabdomyolysis). Report new muscle
pain or dark urine immediately. - Liver enzyme elevation: Statins can raise liver enzymes
(ALT, AST); the team checks these at baseline and periodically. Serious liver injury is very
rare. - New-onset diabetes: High-dose statins slightly increase the risk of developing
diabetes, but the cardiovascular benefit far outweighs this risk in people with heart
disease. - Drug interactions: Statins are broken down by liver enzymes that also
metabolize many other drugs; tell the team about all medications and supplements. - Avoid
in pregnancy: Statins can harm a developing fetus; women of childbearing age should use
reliable contraception while taking statins.

Beta-blocker (metoprolol or carvedilol) - Beta-adrenergic receptor antagonist

Beta-blockers block receptors (called beta-1 receptors) on heart muscle cells. Normally,
adrenaline and related stress hormones bind to these receptors and make the heart beat faster
and harder. By blocking the receptors, beta-blockers slow the heart rate and reduce how
forcefully the heart squeezes. Both effects lower the heart's oxygen demand, which protects
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struggling heart muscle when blood flow is reduced. Beta-blockers also reduce the risk of
dangerous heart rhythms (like ventricular fibrillation) after a heart attack.

1

U1 &= W N

. The beta-blocker binds to beta-1 receptors on heart cells, blocking adrenaline from

attaching.

. The heart's pacemaker cells slow down, reducing heart rate.
. Heart muscle cells contract less forcefully.
. With a slower, gentler heartbeat, the heart uses less oxygen per minute.

. Struggling heart muscle (downstream from a blockage) is less likely to run out of oxygen

and die.

. The risk of life-threatening arrhythmias (chaotic, fast heart rhythms) drops.

SAFETY WATCH

Low heart rate (bradycardia): Beta-blockers can slow the heart too much; the team
monitors heart rate and adjusts the dose. If heart rate drops below 50-60 beats per minute
and causes dizziness or fatigue, the dose may be lowered. - Low blood pressure: Beta-
blockers can drop blood pressure; this is usually manageable, but if blood pressure is
already very low (cardiogenic shock), beta-blockers are held until the patient stabilizes. -
Worsening heart failure: In acute decompensated heart failure, starting a beta-blocker can
make symptoms worse at first; the drug is usually started at a low dose once the patient is
stable. - Asthma or COPD: Beta-blockers can narrow airways in people with reactive lung
disease. Cardioselective beta-blockers (like metoprolol) are safer, but the team still uses
them cautiously and watches for wheezing or shortness of breath. - Fatigue and cold
hands/feet: Blocking adrenaline can make some people feel tired or notice cold
extremities; usually mild and improves over time.

ACE inhibitor (lisinopril, enalapril) or ARB (losartan, valsartan) - Angiotensin-

converting enzyme inhibitor or angiotensin II receptor blocker

ACE inhibitors block an enzyme (ACE) that makes angiotensin II, a hormone that squeezes
blood vessels tight and tells the kidneys to hold onto salt and water. By blocking this enzyme,

blood vessels relax and blood pressure falls, easing the heart's workload. ARBs block the

receptor where angiotensin Il works, achieving a similar effect. After a heart attack—especially
if the heart's pumping strength is reduced—these drugs prevent harmful remodeling (scarring
and enlargement) of the heart, reduce the risk of heart failure, and improve long-term survival.

1. An ACE inhibitor blocks the enzyme that converts angiotensin I into angiotensin II (or an

ARB blocks the receptor where angiotensin II works).

2. Blood vessels widen because the squeezing signal (angiotensin II) is reduced.

3. Kidneys release more salt and water, lowering blood volume and blood pressure.
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4. The heart pumps against less resistance, reducing its workload and oxygen demand.

5. Over weeks to months, the heart muscle is less likely to scar, stretch, and weaken after a
heart attack.

6. Risk of heart failure and death decreases.

SAFETY WATCH

Low blood pressure: These drugs lower blood pressure; dizziness or lightheadedness can
occur, especially when standing up. The team monitors blood pressure and adjusts the
dose. - High potassium (hyperkalemia): ACE inhibitors and ARBs reduce the kidney's
ability to get rid of potassium. The team checks potassium levels, especially in patients
with kidney disease or those taking other drugs that raise potassium. - Kidney function: In
some patients (especially those with narrowed kidney arteries), ACE inhibitors or ARBs
can reduce kidney blood flow and raise creatinine. The team checks kidney function 1-2
weeks after starting and adjusts or stops the drug if creatinine rises significantly. - Cough
(ACE inhibitors): A dry, persistent cough happens in about 10-15% of people on ACE
inhibitors (caused by bradykinin buildup). If intolerable, the team switches to an ARB. -
Angioedema (rare but serious): Swelling of the lips, tongue, or throat can occur (more
common with ACE inhibitors than ARBs). If it happens, stop the drug immediately and get
emergency help—it can block the airway. - Avoid in pregnancy: Both ACE inhibitors and
ARBs can harm a developing fetus (especially in the second and third trimesters); they are
contraindicated in pregnancy.

Fibrinolytic (alteplase, tenecteplase, or reteplase) - Thrombolytic agent (clot-
busting drug)

Fibrinolytics are enzymes (or enzyme activators) that break up clots by turning on the body's
natural clot-dissolving system. They activate plasminogen (a protein in blood) into plasmin,
which chews up fibrin threads holding the clot together. The clot dissolves, and blood flow is
restored to the blocked coronary artery. Fibrinolytics are used in STEMI when a cardiac
catheterization lab is not available within 120 minutes—they are a time-sensitive alternative to
restore blood flow and save heart muscle.

1. The fibrinolytic drug enters the bloodstream and binds to plasminogen in and around the
clot.

. It converts plasminogen into plasmin, an active enzyme that cuts fibrin threads.
. Plasmin chews through the mesh holding the clot together.

. The clot breaks apart into small fragments that float away.

U1 &= W N

. Blood flow is restored to the heart muscle downstream from the blockage.
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6. If given within 3 hours of symptom onset (ideally within 1 hour), heart muscle damage is

minimized.

SAFETY WATCH
Bleeding risk (major concern): Fibrinolytics dissolve ALL clots in the body, not just the one
in the heart. Serious bleeding (brain bleeding (hemorrhage), gastrointestinal bleeding,
bleeding at puncture sites) can occur. The team carefully screens for contraindications
before giving the drug. - Absolute contraindications include: any prior brain bleeding
(hemorrhage), stroke within 3 months, known brain tumor or blood vessel abnormality,
active bleeding, suspected aortic dissection, major surgery or trauma within 3 weeks. -
Relative contraindications (weigh risk vs. benefit): uncontrolled high blood pressure (over
180/110), blood-thinning medication, pregnancy, recent CPR with chest compressions. -
Allergic reaction: Rare, but can happen (especially with older agents like streptokinase). -
Reperfusion arrhythmias: When blood flow is suddenly restored, the heart can develop
abnormal rhythms (usually brief and self-limited, but the team monitors closely). - If a
patient develops sudden severe headache, confusion, or neurological symptoms after
fibrinolytic therapy, brain bleeding (hemorrhage) is suspected—stop the drug and get an
urgent head CT.

Esmolol or labetalol (for aortic dissection) - Beta-blocker (esmolol: ultra-
short-acting; labetalol: combined alpha- and beta-blocker)

In

aortic dissection, the wall of the aorta (the body's largest artery) has torn, creating a false

channel where blood is flowing under high pressure. Every heartbeat generates a pressure
wave (called dP/dt) that can rip the tear further. Beta-blockers slow the heart rate and reduce

the force of each heartbeat, lowering that pressure wave. Esmolol works within seconds and

wears off in minutes (easy to control with IV infusion). Labetalol also blocks alpha receptors,

which helps lower blood pressure at the same time. The goal is to bring heart rate below 60

and systolic blood pressure to 100-120 mmHg to stop the tear from extending.

U & W N

. The drug is infused IV and rapidly blocks beta-1 receptors on the heart.
. Heart rate slows (target <60 beats per minute).

. The force of each contraction decreases.

. The pressure surge with each heartbeat (dP/dt) drops.

. Labetalol also blocks alpha receptors on blood vessels, causing them to widen and lowering

blood pressure.

. Together, these effects reduce mechanical stress on the torn aorta, preventing the tear from

spreading and the wall from rupturing.
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SAFETY WATCH

Low heart rate and blood pressure: The goal is controlled reduction, but too much can
cause dangerously low heart rate or blood pressure. Continuous monitoring in the ICU is
essential. - Worsening heart failure: If the dissection involves the aortic valve or causes
severe aortic regurgitation (backflow), dropping the heart rate too much can worsen heart
failure. The team balances heart rate control with maintaining adequate blood flow. -
Bronchospasm: Beta-blockers can narrow airways in people with asthma or COPD. Esmolol
is cardioselective (mainly hits the heart), so it is safer, but caution is still needed. -
Masking symptoms: Beta-blockers can hide signs of shock or other complications; clinical
vigilance is key.

Nitroprusside or nicardipine (for aortic dissection) - Vasodilator
(nitroprusside: nitric oxide donor; nicardipine: calcium channel blocker)

Once heart rate and contractility are controlled with a beta-blocker, blood pressure is lowered
further with a vasodilator. Nitroprusside releases nitric oxide, which relaxes smooth muscle in
artery walls, widening vessels and dropping blood pressure rapidly. Nicardipine blocks calcium
channels in vascular smooth muscle, preventing contraction and also lowering blood pressure.
The key rule in aortic dissection is: NEVER give a vasodilator before a beta-blocker—if you
drop blood pressure without slowing the heart first, the heart will speed up reflexively,
increasing dP/dt and making the dissection worse.

1. After beta-blockade is achieved, the vasodilator is infused IV.

2. Nitroprusside releases nitric oxide in vessel walls (or nicardipine blocks calcium entry into
smooth muscle cells).

3. Arterial smooth muscle relaxes and blood vessels widen.
4. Systemic blood pressure falls (target systolic 100-120 mmHg).

5. The force pushing against the torn aorta decreases, reducing the risk that the tear will
spread or the aorta will rupture.
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SAFETY WATCH

Reflex a fast heart rate (tachycardia) (heart rate increase): This is why beta-blockade
MUST come first. If given alone, vasodilators can cause the heart to race, worsening the
dissection. - Severe low blood pressure (hypotension): Blood pressure can drop too low,
causing dizziness, fainting, or organ poor blood flow (hypoperfusion). Continuous blood
pressure monitoring (usually with an arterial line) is essential; the infusion rate is titrated
carefully. - Cyanide toxicity (nitroprusside): Nitroprusside breaks down into cyanide in the
body. At high doses or prolonged infusions, cyanide can accumulate, causing confusion,
lactic acidosis (acid from oxygen-starved tissues), and cardiac arrest. The team monitors
for signs of toxicity and limits infusion duration (usually <24-48 hours) or switches to
another agent. - Thiocyanate toxicity (nitroprusside): Cyanide is converted to thiocyanate
(less toxic) and cleared by the kidneys. In patients with kidney disease, thiocyanate can
build up, causing confusion and weakness. Levels are checked if infusion is prolonged. -
Drug interactions and contraindications: Nicardipine can worsen heart failure in some
patients; nitroprusside should be avoided in severe kidney or liver disease.

Red flags

* Chest pain with sweating, shortness of breath, or feeling faint—these suggest the heart is in
serious trouble right now.

* New irregular heartbeat or very slow or very fast pulse—the heart's electrical system may
be failing.

* Blood pressure dropping or signs of shock (cool, clammy skin; confusion; weak pulse)—the
heart is not pumping enough blood to keep the body alive.

* Sudden tearing pain to the back—the aorta may be ripping open, a true surgical emergency.

* Active bleeding or very high bleeding risk in someone who needs blood thinners—treatment
must be carefully balanced to save the heart without causing dangerous bleeding.

Nursing priorities

1. Treat every chest-pain arrival as an emergency: ECG in hand within 10 minutes. — The
ECG is the one test that finds a STEMI, and the clock starts at the door.

2. Never leave a 'normal-looking' chest-pain patient in the waiting room. — Women, older
adults, and people with diabetes have quiet heart attacks — these are the ones most often
missed.

3. Take blood pressure in both arms if dissection is possible. — A big pressure difference
between arms is a classic dissection clue.
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4. TV, monitor, and aspirin per protocol once dissection and bleeding are not suspected. — This
is the safety net while the workup answers the big question.

5. Draw the first troponin at arrival and repeat per protocol. — The trend between draws is
what rules a heart attack in or out — not one value.

6. Reassess pain after every treatment, and repeat the ECG if the pain changes. — An evolving
heart attack shows up on repeat ECGs that a single early tracing can miss.
Sources

* AHA/ACC 2021 Chest Pain Guideline

* AHA/ACC 2023 Acute Coronary Syndrome Guideline
* European Society of Cardiology 2020 ACS Guideline
* JAMA 2022 Chest Pain Evaluation Review

Last reviewed: 2026-07-07
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