MALDEK
STUDY SHEET - CARDIOLOGY

CHF - Heart Failure Decompensation

When your heart cannot pump strongly enough, blood backs up into your lungs
(making you gasp for air) and into your legs and belly (making you swell), while
your body holds onto salt and water trying to help—but that only makes the backup
worse.

THE ONE-LINE TRUTH

The heart's pumping power fails, so blood and fluid back up into the lungs and body while
organs struggle to get enough oxygen.

The chain — how it unfolds

1. The heart muscle is damaged, weakened, or stiffened, so it cannot pump enough blood
forward to meet the body's needs. — why: A heart attack (myocardial tissue death from
blocked blood flow (infarction)) kills a section of muscle by cutting off its blood supply,
leaving scar tissue that cannot contract. Years of high blood pressure force the heart to
pump against high resistance, which first thickens the muscle (left ventricular
hypertrophy), then wears it out and makes it weak or stiff. A leaky or narrowed valve (like
mitral regurgitation or aortic narrowing (stenosis)) makes the heart work overtime,
eventually exhausting it. A virus can inflame the heart muscle (myocarditis), damaging
cells. Chronic alcohol inflames and weakens the muscle (alcoholic cardiomyopathy). Certain
chemotherapy drugs (anthracyclines like doxorubicin) are toxic to heart cells. All these
injuries reduce the heart's ejection fraction (the percentage of blood squeezed out with
each beat), so less oxygen-rich blood reaches your organs.

2. Blood backs up behind the failing pump, flooding the lungs or the body veins—or both. —
why: When the left ventricle cannot empty properly, pressure rises backward through the
left atrium and into the pulmonary veins (the vessels bringing blood back from the lungs).
High pressure in these thin-walled veins pushes fluid out of the blood and into the lung
tissue and air sacs (alveoli)—this is pulmonary edema (fluid flooding the lungs), and it
blocks oxygen from crossing into your bloodstream, making you gasp for air and feel like
you are drowning. If the right ventricle fails, it cannot push blood forward to the lungs, so
pressure backs up into the superior and inferior vena cava and all the body veins. This
causes fluid to leak into your legs (peripheral swelling (edema)), liver (hepatic congestion),
and belly (ascites), and makes your neck veins bulge (elevated jugular venous pressure).
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3. Baroreceptors sense the drop in forward blood flow and signal the brain to activate two
powerful emergency systems: the sympathetic nervous system and the renin-angiotensin-
aldosterone system (RAAS). — why: Baroreceptors are stretch sensors in the walls of the
carotid arteries (in your neck) and the aortic arch (the top of the main artery leaving your
heart). When blood flow and pressure drop, these sensors fire less, and the brainstem
interprets this as a life-threatening emergency. It immediately turns on the sympathetic
nervous system, which floods your body with adrenaline (epinephrine) and noradrenaline
(norepinephrine). At the same time, low blood flow through the kidneys triggers them to
release the enzyme renin, starting a hormone chain that produces angiotensin II (a
powerful vessel-constrictor) and aldosterone (which makes the kidneys hold sodium and
water). Both systems are trying to keep you alive by keeping blood pressure up and blood
flowing to your brain and heart—but they come with a steep cost.

4. Adrenaline and noradrenaline make your heart race and pound harder, squeeze your blood
vessels tight all over your body, and shunt blood away from less critical organs like your
skin, gut, and muscles toward your brain, heart, and kidneys. Angiotensin II squeezes
vessels even tighter, and aldosterone tells your kidneys to hold onto every bit of sodium and
water instead of dumping it into urine. — why: The faster heart rate and stronger squeeze
(increased contractility) try to push more blood out per minute. Squeezing arteries and
veins (increasing systemic vascular resistance) raises blood pressure so your brain and
kidneys stay perfused. Holding sodium and water increases your total blood volume, which
fills the heart chambers more and—according to the body's logic—should help the pump
push more blood forward. In a normal heart, this response saves your life during shock or
bleeding. In a failing heart, it works for a few hours or days to keep blood pressure from
crashing—but the price is that the extra fluid you are holding has nowhere to go except
backward into your lungs and tissues, so you become even more short of breath and
swollen. Worse, the constant high levels of adrenaline and angiotensin II are toxic to heart
muscle cells—they cause scarring, abnormal electrical activity, and progressive stretching
(dilation) of the heart chambers, making the pump even weaker over time. This vicious
cycle is why untreated heart failure keeps getting worse.
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5. You feel short of breath (especially when lying flat or climbing stairs), your legs and belly
swell, you gain several pounds in a few days from retained water, and you feel exhausted all
the time. — why: Fluid in the air sacs of your lungs (pulmonary swelling (edema)) blocks
oxygen from diffusing into your blood, so you gasp and breathe fast (tachypnea). Lying flat
makes it worse because gravity no longer helps drain fluid away from your lungs—this is
called breathlessness when lying flat (orthopnea), and patients often sleep propped up on
two or three pillows or even in a recliner. Waking up gasping at night (paroxysmal
nocturnal trouble breathing (dyspnea), or PND) happens because fluid that pooled in your
legs during the day redistributes to your lungs when you lie down for hours. Swollen legs,
ankles, and belly come from the backed-up fluid in body veins. Weight gain is a sensitive
early warning—gaining two to three pounds in one day or five pounds in a week almost
always means you are holding extra fluid, not gaining fat. Exhaustion comes from two
sources: your muscles and brain are not getting enough oxygen because your heart cannot
pump enough blood forward, and the constant work of breathing and fighting the backup
drains your energy.

6. The heart tries to release B-type natriuretic peptide (BNP) and its partner NT-proBNP to
fight back by dumping salt and water and relaxing blood vessels—but these helpful
hormones are overwhelmed by the stronger RAAS and sympathetic signals. — why: When
the ventricle walls stretch from the backed-up blood, heart muscle cells release BNP (and
NT-proBNP, an inactive fragment that lasts longer in the blood). BNP tells the kidneys to let
go of sodium and water, relaxes blood vessels, and blocks renin and aldosterone. It is the
body's attempt to undo the damage—Dbut in heart failure, the levels of angiotensin II and
aldosterone are so high that BNP cannot overcome them. However, measuring BNP or NT-
proBNP in the blood is very useful for doctors: levels above 100 pg/mL for BNP or above
300 pg/mL for NT-proBNP strongly suggest heart failure (higher numbers mean more
stretch and more severe failure), and trending the number helps monitor treatment—when
it falls, the heart is improving.
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7. Over weeks, months, and years, the constant flood of stress hormones remodels the heart in
harmful ways: the chambers stretch and dilate like a worn-out balloon, the walls thin out or
thicken abnormally, scar tissue replaces healthy muscle, and the heart becomes weaker and
weaker. — why: This process is called cardiac remodeling, and it is driven by high levels of
adrenaline, noradrenaline, angiotensin II, and aldosterone. These hormones trigger
inflammation, cause heart muscle cells (cardiomyocytes) to die (apoptosis), promote the
growth of stiff collagen scar tissue (fibrosis), and stretch the heart chambers (dilation). The
ventricles lose their normal elliptical shape and become round and baggy, which is
mechanically inefficient—a dilated heart has to work much harder to generate the same
pressure. The electrical system also becomes unstable, increasing the risk of dangerous
rhythms like ventricular a fast heart rate (tachycardia) and sudden cardiac death. This is
why even if a patient feels okay for a while, untreated heart failure steadily worsens—and
why medicines that block these hormones (ACE inhibitors, ARBs, beta-blockers, aldosterone
antagonists, ARNI drugs like sacubitril-valsartan, SGLT2 inhibitors) are so critical. They
stop the remodeling, let the heart rest, and give damaged muscle a chance to recover—and
they cut the risk of dying or being hospitalized by 30 to 50 percent.

8. A trigger—eating salty food, skipping medicines, catching an infection, your heart racing in
atrial fibrillation (an irregular, quivering heartbeat), a new heart attack—tips the fragile
balance, and the compensated patient decompensates into acute crisis. — why: The body's
compensation was already running at full throttle just to keep you steady. Any extra
demand breaks that balance. A salty meal can make you retain two to three liters of extra
water overnight, flooding your lungs. Skipping a diuretic means you do not pee out the fluid
you are holding. An infection like pneumonia increases your body's oxygen demand and can
trigger inflammation that weakens the heart further. Atrial fibrillation (an irregular,
quivering heartbeat) makes the heart race (often 130 to 150 bpm) and also eliminates the
atrial contraction that normally contributes 20 to 30 percent of the blood filling the
ventricles—so cardiac output drops sharply. A new heart attack kills more muscle. NSAIDs
like ibuprofen make your kidneys hold sodium and water and can cut your diuretic's effect
in half. Any of these pushes you over the edge—suddenly your lungs fill with fluid (flash
pulmonary edema (fluid flooding the lungs)), your oxygen drops, your blood pressure
crashes, and you are in a life-threatening emergency.

Spot it — what you see, and why

* Short of breath when lying flat (orthopnea): When you lie down, gravity stops helping. Extra
fluid from your legs and belly flows back toward your heart and lungs. The weakened heart
can't pump all that blood forward fast enough, so fluid backs up into the lungs — like a
sponge soaking up water — and squeezes the air sacs shut, making it hard to breathe.
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Waking up at night gasping for air (paroxysmal nocturnal trouble breathing (dyspnea)):
After lying flat for a while, fluid slowly fills the tiny air sacs in your lungs (alveoli).
Eventually the lungs feel so flooded that you wake suddenly, panicking and needing to sit up
or stand so gravity can pull the fluid back down into your legs and belly, opening room for
air again.

Crackling or wet sounds when listening to the lungs (rales or crackles): Pressure in the lung
blood vessels pushes fluid out into the alveoli (the tiny air sacs where oxygen moves into
the blood). When air moves through those wet sacs during breathing, it makes a crackling
noise — like stepping on bubble wrap or Rice Krispies in milk.

Extra heart sound heard early in the heartbeat (S3 gallop): The left ventricle (the heart's
main pumping chamber) is stretched and stiff from being overworked and weak. When
blood rushes in during filling, the floppy chamber walls vibrate and create an extra thud
after the normal two heartbeats. It sounds like a galloping horse (lub-DUB-ta) and means
the heart muscle is failing.

Bulging neck veins (jugular venous distension): The right ventricle (the chamber that
pumps blood to the lungs) can't pump blood forward well, so blood backs up into the
superior vena cava (the big vein that drains the head and neck). The pressure pushes the
jugular veins outward, making them visible and swollen even when sitting upright.

Swollen legs, ankles, or feet (peripheral swelling (edema)): Blood pools in the leg veins
because the weak heart can't pump it back up to the lungs and body efficiently. The
pressure inside those veins forces water out through the vessel walls into the surrounding
tissue, causing puffiness. You can press your finger into it and leave a dent that fills back
slowly.

Red flags — act now

Severe shortness of breath at rest or gasping for air
Chest pain or pressure (may signal a heart attack triggering the heart failure)

Coughing up pink, frothy spit (sign of severe fluid in the lungs, called pulmonary edema
(fluid flooding the lungs))

Sudden confusion, loss of alertness, or acting strange

Fast or very irregular heartbeat (may be dangerous arrhythmia like atrial fibrillation (an
irregular, quivering heartbeat) or ventricular a fast heart rate (tachycardia))
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Treat it — in this order

1. Intravenous (IV) loop diuretic — furosemide (Lasix) 40 mg IV bolus if diuretic-naive, or 1-
2.5 times the patient's home oral daily dose if already on diuretics; can repeat or give
continuous infusion if needed — Loop diuretics block the sodium-potassium-chloride
cotransporter in the thick ascending limb of the loop of Henle (a part of the kidney's
filtering tube). This makes the kidneys dump sodium, chloride, and water into the urine fast
—often 500-1000 mL or more in the first few hours. The diuresis (increased urination) pulls
the extra fluid out of the bloodstream, lungs, and body tissues, so the heart does not have to
pump against a huge backed-up volume. Left ventricular filling pressure drops, pulmonary
capillary wedge pressure falls, and alveolar fluid reabsorbs. Breathing gets easier within 30
minutes to 2 hours because the lungs dry out. Swelling (edema) in the legs goes down over
hours to days. The goal is net negative fluid balance of 1-2 liters per day until the patient
reaches euvolemia (normal fluid status).

2. Vasodilators — IV nitroglycerin (start 5-10 mcg/min, titrate up by 5-10 mcg/min every 5
min to effect or max ~200 mcg/min) or IV nitroprusside (start 0.3 mcg/kg/min, titrate to
effect) if systolic BP > 110 mmHg and there is pulmonary edema (fluid flooding the lungs)
— Nitrates (nitroglycerin) dilate the veins (venodilation), which pools blood in the
peripheral venous system and lowers the volume returning to the heart (preload). This
drops left ventricular filling pressure, pulmonary capillary wedge pressure, and lung
congestion fast. Nitroprusside dilates both veins and arteries (arterioles), lowering preload
and also lowering the resistance the left ventricle has to push against (afterload). The heart
does not have to work as hard to eject blood forward. Systemic vascular resistance drops,
cardiac output can improve, and pressure inside the heart and lungs falls fast. Fluid stops
backing up into the alveoli, and breathing improves quickly—often within 5-15 minutes.

3. Non-invasive positive pressure ventilation (NIPPV) — BiPAP (bilevel positive airway
pressure) or CPAP (continuous positive airway pressure) by tight-fitting face mask — The
machine pushes air gently but forcefully into your lungs through a mask, keeping the
alveoli (air sacs) open so oxygen can diffuse across into the blood better—this raises PaO-
and oxygen saturation. BiPAP also increases intrathoracic pressure (pressure inside the
chest), which compresses the heart from the outside and helps the weak left ventricle eject
blood forward (decreases transmural pressure and afterload). It also redistributes fluid
from the alveoli back into the pulmonary capillaries and lymphatics. Oxygen levels go up
and the work of breathing (respiratory effort) goes down within minutes. This can prevent
the need for endotracheal intubation and mechanical ventilation in many patients.
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4. Guideline-directed medical therapy (GDMT) for chronic heart failure with reduced ejection
fraction (HFTEF, LVEF < 40%): ACE inhibitor (e.g. enalapril, lisinopril) or ARB (e.qg.
losartan, valsartan) if ACE-intolerant; beta-blocker (carvedilol, metoprolol succinate, or
bisoprolol); mineralocorticoid receptor antagonist (MRA: spironolactone or eplerenone);
and SGLT?2 inhibitor (dapagliflozin or empagliflozin). Consider ARNI (sacubitril/valsartan)
instead of ACE/ARB once stable. = These four medicine classes block the harmful
neurohormonal activation (overactive stress hormones and chemicals) that drives heart
failure progression. ACE inhibitors block angiotensin-converting enzyme, stopping the
kidney hormone angiotensin I from turning into angiotensin II (a powerful vasoconstrictor
that raises blood pressure and makes the heart work harder). ARBs block the angiotensin II
receptor directly. Beta-blockers (carvedilol, metoprolol succinate, bisoprolol) block
epinephrine and norepinephrine (adrenaline chemicals) from binding to the heart, slowing
the heart rate, lowering blood pressure, and reducing oxygen demand. MRAs
(spironolactone, eplerenone) block aldosterone (a hormone from the adrenal glands that
makes the kidneys hold sodium and water and causes scarring in the heart). SGLT2
inhibitors (dapagliflozin, empagliflozin) block a sodium-glucose transporter in the kidney,
causing diuresis, lowering blood pressure, and directly protecting the heart muscle through
mechanisms still being studied. Together these medicines let the ventricle relax, take a
lighter load, reduce harmful remodeling (stretching and scarring), and over weeks to
months the ejection fraction can improve. They cut the risk of dying or being hospitalized
again by 50-75% compared to no treatment. Start them before discharge and titrate up to
target doses over weeks as blood pressure and kidney function tolerate.

5. Intravenous inotropes (dobutamine 2.5-20 mcg/kg/min or milrinone 0.375-0.75 mcg/kg/min
after optional loading dose) if the heart is so weak that systolic blood pressure is < 90
mmHg with signs of poor blood flow (hypoperfusion) (cold skin, altered mental status,
rising creatinine, lactic acidosis (acid from oxygen-starved tissues))—this is cardiogenic
shock — Inotropes are medicines that make the heart muscle contract harder. Dobutamine
stimulates beta-1 receptors on heart muscle cells, increasing intracellular calcium and
making the ventricle squeeze more forcefully. Milrinone inhibits phosphodiesterase-3, also
raising calcium in the muscle and dilating blood vessels. Both increase stroke volume (the
amount of blood pumped per beat) and cardiac output (liters per minute), raising blood
pressure and getting oxygen and nutrients to the kidneys, brain, liver, and body. They can
save your life in cardiogenic shock by preventing multi-organ failure.

Your top priorities at the bedside

1. Sit the patient upright at 45 to 90 degrees (high Fowler position) immediately. — why:
Sitting upright uses gravity to pull fluid down and out of the lungs into the legs, making it
easier to breathe and improving oxygen levels right away.
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2. Apply oxygen by nasal cannula or face mask to keep oxygen saturation above 90 percent,
and monitor oxygen levels with continuous pulse oximetry. — why: Fluid in the lungs
(pulmonary swelling (edema)) blocks oxygen from getting into the blood, so giving extra
oxygen prevents dangerous low oxygen (hypoxia) that can damage the brain, heart, and
kidneys.

3. Start an IV line with at least an 20-gauge or larger catheter and give the ordered loop
diuretic (usually furosemide) by IV push over 1 to 2 minutes. — why: IV diuretics make the
kidneys remove extra fluid fast (within 30 minutes to 1 hour), reducing the fluid backing up
into the lungs and body; IV works much faster and more reliably than pills when the gut is
swollen with fluid.
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