MALDEK
STUDY SHEET - CLINICAL REASONING

Pulmonary Edema

Pulmonary edema (fluid flooding the lungs) is when fluid leaks into the tiny air sacs
of the lungs, blocking oxygen from reaching the blood.

THE ONE-LINE TRUTH

In pulmonary edema (fluid flooding the lungs), the bedside team that catches the cluster
early — frothy coughed-up mucus (sputum), crackles on exam, low oxygen, and a single
chest X-ray or ultrasound — saves more lives than the team that waits for every lab to
return.

The chain — how it unfolds

1. A broken step — weak left ventricle, sudden with high blood pressure (hypertensive) crisis,
leaky mitral valve, kidney failure, or direct lung injury — starts the leak. — why: In
cardiogenic swelling (edema), the left ventricle cannot pump blood forward, so pressure
backs up through the left atrium into the pulmonary veins and capillaries, climbing above
the normal 8-12 mm Hg to 20, 25, even 30 mm Hg or higher. The high pressure forces fluid
out of the capillaries into the interstitial space (the tissue around the alveoli) and then into
the alveoli themselves. In non-cardiogenic swelling, inflammation punches holes in the
capillary membrane, and protein-rich fluid pours out even at normal pressure.

2. Fluid floods the alveoli, and gas exchange collapses. — why: Oxygen cannot cross a layer of
water. The flooded alveoli are blocked, so oxygen from each breath never reaches the blood
and the patient becomes hypoxemic (low blood oxygen). Carbon dioxide starts to build up if
enough alveoli are out of service. The patient gasps, the lips and skin turn blue (cyanosis),
and pink frothy coughed-up mucus (sputum) may bubble up as air churns the fluid in the
airways.

3. The body's alarm systems fire: breathing speeds up, heart races, blood vessels tighten. —
why: Chemoreceptors in the carotid arteries and brainstem sense low oxygen and high
carbon dioxide and trigger the respiratory centers in the medulla (the part of the brainstem
that controls breathing) to increase the breathing rate. The sympathetic nervous system
releases norepinephrine and epinephrine (adrenaline-type stress hormones) to speed the
heart, raise blood pressure, and shunt blood to vital organs. These responses buy minutes
of time but cost energy and strain the system further.
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4. The extra work of breathing and the heart's strain push the patient toward failure. — why:
Breathing through wet, stiff lungs is like trying to inflate a soaked sponge. The diaphragm
and accessory muscles fatigue. If the patient cannot keep up the work, carbon dioxide
climbs (hypercapnia), consciousness drops, and respiratory arrest follows. The racing,
straining heart consumes more oxygen and may tip into starved blood flow (ischemia) or
arrhythmia (dangerous irregular rhythm), especially if coronary arteries are already
narrowed.

5. If the flood is not reversed, multi-organ consequences follow. — why: Prolonged low oxygen
damages the brain (confusion, seizures, coma), kidneys (acute kidney injury from poor
blood flow (perfusion) and sometimes from the diuretics used to treat the swelling
(edema)), liver, and gut. The right ventricle, forced to pump against high pressure in the
flooded lung circulation, can fail (acute right heart failure). Lactic acid builds up in oxygen-
starved tissues (lactic too much acid in the blood (acidosis)), and the patient may go into
shock.

6. Treatment stage determines survival: early intervention reverses the flood; late
intervention fights to keep the patient alive while the lungs recover. — why: In early
cardiogenic pulmonary edema (fluid flooding the lungs), intravenous diuretics (furosemide)
pull fluid out through the kidneys, nitroglycerin or other vasodilators lower the pressure
forcing fluid into the lungs, and supplemental oxygen or non-invasive positive pressure
(CPAP or BiPAP) keeps oxygen levels safe while the drugs work. Catching it here often
reverses the crisis in hours. In late or severe swelling (edema), the patient may need
intubation and mechanical ventilation to take over the work of breathing, and the team
must manage complications — arrhythmias, kidney injury, shock — while protecting what
organ function is left. The earlier the catch, the simpler and more successful the save.

Spot it — what you see, and why

* Shortness of breath that gets worse when lying flat: Fluid from the lungs' tiny blood vessels
leaks into the air sacs (the alveoli, where oxygen moves into the blood), so less space is left
for air. When you lie down, gravity lets even more fluid spread across the lungs, making it
harder to breathe.

* Pink, frothy coughed-up mucus (sputum) when coughing: The leaked fluid mixes with air
and a little blood from damaged capillaries (the smallest blood vessels in the lungs),
creating pink foam that comes up when you cough.

 Fast, shallow breathing: The brain's breathing center (in the brainstem) senses low oxygen
and rising carbon dioxide, so it tells the lungs to breathe faster and work harder to get
more oxygen in and waste gas out.
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* Crackling sounds (rales) heard through a stethoscope at the base of the lungs: Fluid in the
alveoli pops and crackles as air moves through it during each breath, like the sound of Rice
Krispies in milk.

* Anxiety or a feeling of panic: Low oxygen in the blood triggers the amygdala (the brain's
alarm center) and releases adrenaline (the fight-or-flight hormone), making you feel scared
or restless because your body knows something is wrong.

* Cold, clammy, pale or bluish skin: The body shunts blood away from the skin to protect the
heart and brain, and low oxygen in the blood turns it darker, so skin looks pale or blue
(cyanosis, especially around the lips and fingertips).

Red flags — act now

* Pink or blood-tinged frothy coughed-up mucus (sputum) — means severe leak and possible
bleeding in the lungs

* Confusion, extreme drowsiness, or trouble staying awake — the brain is not getting enough
oxygen

* Blue or gray lips, tongue, or fingernails (cyanosis) — very low oxygen in the blood

* Blood pressure dropping despite a fast heart rate — the heart is failing to pump enough
blood forward

Treat it — in this order

1. Sit the patient upright (at least 45 degrees) and give oxygen by nasal cannula or mask to
target SpO2 = 90% - Sitting up lets gravity pull fluid down and away from the lungs,
opening more space for air. Extra oxygen helps molecules squeeze past the fluid layer in the
alveoli and reach the bloodstream, easing suffocation right now.

2. Give a loop diuretic (furosemide 20-40 mg IV, or higher doses if the patient has chronic
kidney disease or takes diuretics at home) to pull fluid from the lungs into the blood, then
out through urine — Loop diuretics block salt reabsorption in the kidneys, forcing them to
dump water and sodium into the urine. This shrinks the fluid volume in the lungs within 30-
60 minutes, clearing space for oxygen to cross into the blood.

3. If systolic blood pressure is above 110 mmHg, give nitroglycerin (sublingual tablet or IV
infusion starting at 5-10 mcg/min) to relax blood vessels and reduce the load on the heart —
Nitroglycerin opens (dilates) veins and arteries, lowering the pressure the heart must pump
against. Less back-pressure means less fluid is forced backward into the lungs. It also
improves blood flow to the heart muscle itself, which helps if starved blood flow (ischemia)
(low oxygen to the heart) is part of the problem.
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4. Identify and treat the root cause: perform ECG and troponin to rule out heart attack; check
BNP for heart failure; measure creatinine for kidney failure; consider echocardiogram to
assess heart pump function and valves — Fixing the underlying trigger stops new fluid from
accumulating. If a heart attack is the cause, emergency catheterization and stenting restore
blood flow. If uncontrolled high blood pressure is the trigger, lowering it with IV
medications prevents further backup. If kidney failure is worsening fluid retention, dialysis
may be needed.

5. If the patient cannot maintain SpO2 = 90% on high-flow oxygen, apply noninvasive positive
pressure ventilation (CPAP at 5-10 cm H20 or BiPAP) via face mask — Positive pressure
pushes air past the fluid and forces collapsed alveoli open, improving oxygen delivery
immediately. It reduces the work of breathing and buys time for diuretics to remove the
fluid. CPAP/BiPAP can prevent the need for intubation and mechanical ventilation in many
patients.

Your top priorities at the bedside

1. Sit the patient fully upright at 90 degrees or in high Fowler position immediately — why:
Gravity pulls fluid down and away from the lung bases, increasing the surface area
available for oxygen exchange and reducing the work of breathing within seconds

2. Apply oxygen by nasal cannula or nonrebreather mask to target SpO2 greater than 90
percent — why: Fluid in the alveoli (tiny air sacs) blocks oxygen from crossing into the
bloodstream, causing low oxygen in the blood (hypoxemia) (low blood oxygen);
supplemental oxygen increases the oxygen gradient to push more across the fluid barrier

3. Establish IV access and prepare to give furosemide (a loop diuretic) as ordered, typically 40
to 80 mg IV push — why: Furosemide blocks sodium reabsorption in the kidneys, forcing
the body to dump sodium and water as urine, which pulls fluid out of the lungs and
bloodstream within 20 to 30 minutes
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