MALDEK
CONDITION CATALOG - CLINICAL REASONING

Pleural Effusion and Empyema

Fluid has pooled in the space between the lung and the chest wall, squeezing the
lung so it cannot fill with air.

THE STORY IN ONE SENTENCE

Fluid has pooled in the space between the lung and the chest wall, squeezing the lung so it
cannot fill with air.

“Fluid has pooled between the lung and chest wall. Sample it to learn why. Drain it if it is
infected, thick, or will not go away by treating the upstream cause.”

Normal anatomy — the body's job

Each lung sits inside a thin, slippery two-layer sack called the pleura. The inner layer (visceral
pleura) wraps the lung itself; the outer layer (parietal pleura) lines the inside of the chest wall.
Between them is the pleural space, holding only about one tablespoon of fluid so the layers can
slide smoothly past each other when you breathe.

BODY'S JOB

Tiny blood vessels in the chest wall push a small amount of fluid into the pleural space
every day. At the same time, lymph vessels on the underside of the parietal pleura soak
that fluid back up at the same speed. This balance keeps the space nearly dry and the lung
free to expand. The thin fluid layer acts like o0il between two sheets of glass: they slide
easily but do not pull apart.

1. Blood vessels in the chest wall filter a small amount of fluid into the pleural space (driven
by blood pressure and how leaky the vessel walls are).

2. The fluid coats the two pleural layers so they glide smoothly during breathing.

3. Lymph vessels on the parietal pleura soak the fluid back up into the bloodstream at the
same rate it is made.

4. The space stays thin and nearly dry, holding only enough fluid to keep friction low.
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What breaks

Fluid piles up in the pleural space when the balance tips: either too much fluid is pushed out,
or not enough is pulled back in. Four main breaks cause this.

CLINICAL TERM

Pleural a fluid collection (effusion) forms when hydrostatic pressure rises (pushing fluid
out faster), oncotic pressure drops (holding less fluid in the blood), vessel permeability
increases (walls get leaky), or lymphatic drainage is blocked (fluid cannot leave). Each
cause makes a different kind of fluid: transudates are watery and low-protein (heart
failure, cirrhosis, nephrotic syndrome); exudates are thick and high-protein (pneumonia,
cancer, pulmonary embolism (a clot lodging in a lung artery), autoimmune disease). If
bacteria invade the leaked fluid (exudate), it becomes an empyema.

How the body compensates

The body tries to keep oxygen delivery steady by breathing faster and recruiting extra
breathing muscles. Vital signs can look okay for a while, but underneath, the work of breathing
is climbing. The danger is missing the slide toward respiratory failure before the patient
crashes.

1. {'what': 'Respiratory rate climbs’', '‘why': 'The lung on the side with fluid cannot expand
fully, so less oxygen gets in with each breath. The brainstem (the medulla, which controls
breathing) senses rising carbon dioxide and falling oxygen in the blood and sends signals to
breathe faster and deeper, trying to make up the difference.’, 'howItHelps': 'Breathing
faster brings in more total air per minute, buying time while the fluid is still small.’,
'costOfCoping': 'Breathing fast is exhausting. The diaphragm and rib muscles tire out,
especially if the a fluid collection (effusion) is large or grows quickly. When the muscles
fatigue, carbon dioxide rises and the patient tips into respiratory failure.'}

2. {'what': 'Accessory muscles kick in', 'why': 'The diaphragm (the main breathing muscle
under the lungs) has to push against the weight of fluid pressing down from above. When it
cannot handle the load alone, the body recruits neck muscles (sternocleidomastoid and
scalenes) and muscles between the ribs (intercostals) to lift the chest wall and pull in more
air.', 'howlItHelps': 'Extra muscles add power, keeping air moving in and out.’,
'costOfCoping': 'Using these muscles is hard work and cannot be sustained for long. You see
the patient sitting upright, leaning forward, with visible neck-muscle strain — a sign that
compensation is maxing out.'}
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3. {'what': 'Heart rate rises', 'why': "When each breath delivers less oxygen, the heart pumps
faster to circulate the blood more times per minute, trying to deliver enough oxygen to the
brain, heart, and kidneys.', 'howItHelps': 'Faster circulation keeps oxygen delivery steady
even though each breath is less efficient.', 'costOfCoping': 'A fast heart rate burns more
energy and can trigger chest pain or arrhythmias, especially in patients with existing heart
disease.'}

4. {'what': 'The patient sits upright and leans forward', 'why': 'Lying flat lets fluid spread
across the back of the lung, squeezing even more of it. Sitting up or leaning forward uses
gravity to pool the fluid at the bottom, freeing up the upper lung to expand.’, 'howItHelps':
"This position maximizes the working lung volume and makes breathing a little easier.’,
'costOfCoping': 'The patient cannot lie down or sleep flat, leading to exhaustion.
Breathlessness when lying flat (Orthopnea) (shortness of breath when lying down) is a red
flag that the a fluid collection (effusion) is large.'}

5. {'what': 'Oxygen saturation may stay near-normal at first', 'why': 'The unaffected lung can
often compensate by taking in extra oxygen, and faster breathing helps clear carbon
dioxide. Pulse oximetry may read 92-96% even with a moderate a fluid collection
(effusion).’, 'costOfCoping': 'A normal oxygen number can fool the team into thinking the
patient is stable. The real danger is the work of breathing climbing silently in the
background. When compensation finally fails, oxygen drops fast.'}

6. {'what': 'In empyema, fever and chills appear’, 'why': "If bacteria are growing in the fluid,
the immune system releases pyrogens (fever-triggering chemicals like interleukin-1 and
tumor tissue death (necrosis) factor) from white blood cells. The hypothalamus (the brain's
thermostat) raises body temperature to help kill bacteria.", 'howItHelps': 'Fever speeds up
the immune response and makes it harder for bacteria to multiply.', 'costOfCoping': 'High
fever drains energy, increases fluid loss through sweating, and raises the metabolic demand
for oxygen — piling more work onto already-tired lungs.'}

7. {'what': 'Watch for the tipping point’, 'why': "The crash point is when the work of breathing
outstrips the muscles' ability to keep up. You see confusion (from rising carbon dioxide and
low oxygen reaching the brain), extreme fatigue, gasping, retracting ribs with each breath,
and oxygen saturation falling despite high-flow oxygen. In empyema, the tipping point is
marked by a pH below 7.2, glucose below 60 mg/dL, and thick pus or loculations (pockets)
on imaging — signs that the infection is winning and the fluid will not clear without a chest
tube or surgery.”, 'howItHelps': 'None — this is the moment compensation fails.",
‘costOfCoping': 'Once the patient tips into respiratory failure or organized empyema (thick
scar tissue trapping the lung), the window for easy recovery closes. Intubation, mechanical
ventilation, or surgical decortication (peeling the scar off the lung) may be needed.'}
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Domino effect

1.

Fluid pools in the pleural space, taking up room where air should be — One of four breaks
occurs: pressure pushes fluid out (heart failure, fluid overload), protein in blood drops
(cirrhosis, nephrotic syndrome), vessel walls get leaky from inflammation (pneumonia,
cancer, PE, autoimmune disease), or lymph drains get blocked (cancer, torn thoracic duct).
Fluid that would normally stay balanced now piles up between the lung and chest wall.

. The lung on that side cannot expand fully — The growing pool of fluid presses on the lung

from the outside, squeezing it like a hand around a balloon. The alveoli (tiny air sacs where
oxygen crosses into blood) in the compressed part of the lung collapse, so less surface area
is available for gas exchange.

. Oxygen going into the blood drops; the patient feels short of breath — With part of the lung

squeezed shut, each breath brings in less oxygen. The brainstem detects falling oxygen and
rising carbon dioxide in the blood and triggers the sensation of trouble breathing (dyspnea)
(air hunger), making the patient feel like they cannot get enough air.

. The diaphragm has to work much harder; breathing becomes exhausting — The diaphragm

(the dome-shaped muscle under the lungs) has to push down against the weight of fluid
pressing from above. Instead of gliding smoothly, it is lifting a heavy load with every breath.
Accessory muscles in the neck and ribs are recruited, and the patient sits upright to use
gravity to help.

. If bacteria invade the fluid, white blood cells flood in and the fluid turns to pus — If bacteria

from a nearby pneumonia or from the bloodstream seed the pleural fluid, neutrophils (the
body's first-line infection fighters) pour into the space, releasing enzymes and acid as they
kill bacteria. Glucose in the fluid drops (the white cells burn it for energy), pH falls below
7.2 (lactic acid from the battle), and lactate dehydrogenase (LDH, a marker of cell
breakdown) rises. The fluid becomes thick, cloudy pus — an empyema.

. Low pH and thick pus mean the fluid will not clear without drainage — Once pH drops

below 7.2 or the fluid becomes loculated (trapped in pockets by sticky fibrin), antibiotics
alone cannot reach the bacteria or clear the pus. A chest tube or surgical washout (video-
assisted thoracoscopic surgery, VATS) is needed to drain the infection and let the lung re-
expand.

. If empyema is not drained, thick scar tissue forms and traps the lung — After about two

weeks, fibroblasts (scar-making cells) move into the infected space and lay down thick
collagen, forming a tough rind around the lung called a fibrothorax. The lung becomes
trapped in scar tissue and cannot expand even after the infection is gone. Surgical
decortication (peeling off the scar) is then the only way to free the lung.
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8. Every finding — dull percussion, quiet breath sounds, shortness of breath — traces back to
fluid squeezing the lung — When you tap the chest over fluid, it sounds dull instead of
hollow because fluid does not resonate like air. Breath sounds are muffled or absent
because air is not moving in the compressed lung below. The patient is short of breath
because the working lung volume is smaller. None of this is random; every sign points to
one thing: fluid is where air should be, and the lung is trapped.

Symptoms - what the patient feels, and why

* Shortness of breath that gets worse when lying flat: The fluid pools in the chest and takes
up space where the lung should expand, so the lung cannot fill with air properly and you
feel like you cannot catch your breath.

* Sharp chest pain that gets worse when you breathe in or cough: The pleura (the thin sac
that wraps the lung) is swollen and rubbing against the chest wall, which triggers pain
nerves. Breathing in stretches the inflamed layers together and makes it hurt more.

* Dull sound when you tap on the chest over the fluid: Normally the air-filled lung sounds
hollow when you tap it. Fluid is thick and dense, so it blocks the sound wave and makes a
flat, dull thud instead.

* Quiet or absent breath sounds at the bottom of the lung: The fluid sits at the bottom of the
chest because of gravity, pushing the lung up and away from the chest wall. Air cannot
move through the compressed lung tissue, so you hear no breath sounds where the fluid
sits.

* Less chest vibration when you place your hand on the chest while the patient talks:
Normally the sound of the voice travels through air in the lungs and makes the chest wall
buzz. Fluid muffles and absorbs the vibration, so you feel less buzzing (this is called
decreased tactile fremitus).

* A rubbing or grating sound when you listen to the chest, especially early on: Before fluid
builds up or in dry pleuritis, the inflamed pleural layers rub directly against each other with
every breath, making a creaky, scratchy noise called a pleural friction rub.

* The trachea (windpipe) shifts away from the side with fluid if the a fluid collection (effusion)
is very large: A huge amount of fluid pushes the lung and the structures in the middle of the
chest (including the windpipe) toward the opposite side. This is a sign of high pressure
inside the chest.

* Fever and sweats, especially if the fluid is infected (empyema): Bacteria growing in the
pleural space trigger the immune system to release cytokines (inflammatory signals) that
reset the body's thermostat in the hypothalamus (the brain's temperature center), causing
fever. Sweating comes as the body tries to cool itself.

educational use only - not a substitute for clinical judgment page 5 of 13



Maldek Condition Catalog - Clinical Reasoning

Focused exam

* Dullness to percussion over the lower lung field: Fluid blocks sound from traveling through
air, so you hear a dull thud instead of a hollow note. This tells you fluid is sitting in the
pleural space (the thin gap between the lung and chest wall).

* Decreased or absent breath sounds on the affected side: Fluid pushes the lung smaller, so
less air moves through that lung tissue. Quieter breath sounds mean fluid is taking up
space where breathing should happen.

* Decreased tactile fremitus (vibration felt through the chest wall when the patient speaks):
Fluid dampens the vibration of the voice traveling through the chest. Less vibration under
your hand confirms the same thing as quiet breath sounds — fluid is blocking the signal.

* Pleural friction rub (creaky or scratching sound, like leather bending): When the two lung
linings are inflamed but not yet separated by much fluid, they rub together and make noise.
This rub means the surfaces are irritated, which happens in early empyema (infected fluid)
or viral pleuritis (inflamed lining from a virus).

» Tracheal deviation (windpipe pushed away from the large a fluid collection (effusion)): A
huge amount of fluid pushes the windpipe to the other side of the neck. This means the
pressure is so high it is shoving the heart and windpipe out of place — a sign the a fluid
collection (effusion) is under tension and the patient is in danger of collapse.

» Fever plus toxic appearance (looking very sick, breathing fast, low blood pressure):
Bacteria growing inside the pleural fluid make pus and release toxins into the bloodstream.
Fever plus looking sick tells you this is not just fluid — it is infected fluid (empyema), and it
needs to be drained urgently to prevent sepsis (bloodstream infection).

Diagnostics - every test answers a question

* Chest X-ray (upright posteroanterior and lateral views) — Is there fluid in the pleural space,
and how much is there?

* Thoracentesis with pleural fluid analysis (cell count, protein, LDH, glucose, pH, Gram stain,
culture) — Is the fluid a transudate (leaked from pressure or low protein) or an leaked fluid
(exudate) (leaked from inflammation or infection), and is it infected?

* Chest ultrasound — Exactly where is the fluid, and is it free-flowing or loculated (trapped in
pockets by fibrin strands)?

* Chest CT with contrast — Is the fluid complicated, and is there an abscess, tumor, or
trapped lung underneath?

* Pleural fluid cytology (looking for cancer cells under the microscope) — Is the a fluid
collection (effusion) caused by cancer spreading to the pleura?

educational use only - not a substitute for clinical judgment page 6 of 13



Maldek Condition Catalog - Clinical Reasoning

* B-type natriuretic peptide (BNP) or NT-proBNP in serum - Is heart failure causing the a
fluid collection (effusion) by raising pressure in the veins?

Treatment logic

* Thoracentesis (needle drainage) for diagnostic and therapeutic purposes — Removes fluid
pushing on the lung so the lung can expand again and the patient can breathe easier. It also
gives you a sample to test: transudate versus leaked fluid (exudate), infected versus sterile,
malignant versus benign. Maximum safe removal is 1.5 liters per session to avoid re-
expansion pulmonary edema (fluid flooding the lungs) (fluid flooding the lung when it re-
inflates too fast).

* Chest tube drainage for empyema or complicated parapneumonic a fluid collection
(effusion) — Drains infected or loculated fluid continuously so the lung can expand and the
infection can clear. Keeps the pH from dropping further (low pH means bacteria are
winning) and lets antibiotics reach the infection.

» Antibiotics (empiric then culture-directed) for empyema or parapneumonic a fluid collection
(effusion) — Kills bacteria in the pleural space and blood. For community-acquired
empyema, cover Streptococcus pneumoniae, Staphylococcus aureus, and oral anaerobes
(from aspiration) — typical regimen is ceftriaxone plus metronidazole or ampicillin-
sulbactam. For hospital-acquired empyema, cover MRSA and Pseudomonas — vancomycin
plus piperacillin-tazobactam or cefepime. Duration is usually 2 to 4 weeks total (IV then
oral).

* Intrapleural fibrinolytics: tissue plasminogen activator (tPA) 10 mg plus DNase 5 mg
instilled twice daily for 3 days via chest tube — Breaks down fibrin strands (from clotting)
and DNA (from dead white cells) that wall off the pus into pockets. This turns thick, trapped
fluid into liquid that can drain through the tube. The MIST?2 trial showed tPA plus DNase
together reduces the need for surgery and shortens hospital stay.

* Treat the upstream cause: diuretics (furosemide) for heart failure, antibiotics for
pneumonia, nephrology consult for nephrotic syndrome, oncology consult for malignancy -
Fixes the root problem so new fluid stops forming. Diuretics lower venous pressure (heart
failure). Antibiotics clear lung infection (parapneumonic a fluid collection (effusion)).
Treating cancer or boosting albumin (in liver or kidney disease) reduces the leak.

» Talc pleurodesis (for recurrent malignant a fluid collection (effusion)) or indwelling pleural
catheter — Pleurodesis: talc slurry or powder is instilled into the pleural space to irritate
the two linings so they scar together, erasing the space where fluid collects. Success rate is
70 to 90 percent for malignant a fluid collection (effusion). Indwelling catheter: a tunneled
catheter stays in place so the patient can drain fluid at home as needed. Both prevent the a
fluid collection from coming back.
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* Video-assisted thoracoscopic surgery (VATS) or open decortication for empyema that does
not respond to chest tube plus fibrinolytics — Surgeon goes in with a camera and tools to
break up loculations, remove thick pus and fibrin peel, and free the trapped lung so it can
expand. This is definitive drainage when medical therapy fails.

Medications

Furosemide (Lasix) - Loop diuretic (water pill)

Furosemide makes the kidneys dump extra salt and water into the urine. When the body has
too much fluid—Ilike in heart failure—this pill helps pull that extra water out of the blood
vessels and tissues, including fluid that leaked around the lungs. It does NOT treat the
infection or inflammation itself; it only drains the extra fluid load when the heart cannot pump
well enough to keep fluid where it belongs.

1. The pill reaches the kidney and blocks the sodium-potassium-chloride co-transporter in the
loop of Henle.

2. Sodium and chloride stay in the kidney tube instead of being pulled back into the blood.

3. Water follows the salt (because water always follows salt to keep balance), so more water
leaves the body as urine.

4. Total fluid volume in the bloodstream drops.

5. Pressure in the veins falls, so less fluid is pushed out into the pleural space (the thin gap
around the lungs).

6. Over hours to days, the a fluid collection (effusion) shrinks as the heart's fluid overload
eases.

SAFETY WATCH

Can drop potassium dangerously low (hypokalemia)—watch for muscle cramps, weakness,
or irregular heartbeat; many patients need a potassium pill or potassium-rich foods. - Can
raise blood sugar and uric acid (gout risk). - Dehydration and low blood pressure if the
dose is too high—dizziness, fainting, or kidney injury. - Hearing loss (ototoxicity) if given
very fast through an IV or combined with other ear-toxic drugs (rare but serious). - Does
NOT work well if the kidneys are severely damaged (GFR under 20-30); higher doses or a
different diuretic may be needed.
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Antibiotics (choice depends on the germ) - Varies—common empiric regimens
include a third-generation cephalosporin (e.g. ceftriaxone) PLUS
metronidazole, OR a carbapenem (e.g. meropenem), OR piperacillin-
tazobactam

Antibiotics kill or stop the bacteria that invaded the pleural space and turned clear fluid into
pus (empyema). Different antibiotics attack bacteria in different ways—some blow holes in the
bacterial wall, some jam the germ's protein factory, some wreck its DNA copier. The goal is to
pick drugs that cover the most likely bugs (often mouth bacteria that snuck in after
pneumonia, or skin bacteria from surgery or trauma) and adjust once culture results name the
exact germ.

1. The antibiotic enters the bloodstream (by mouth or IV) and travels to the pleural space.
2. It penetrates the bacteria that are multiplying in the pus.

3. Depending on the drug class: beta-lactams (penicillins, cephalosporins, carbapenems)
prevent the germ from building a sturdy cell wall, so the bacterium swells and bursts.
Metronidazole damages bacterial DNA, especially in anaerobes (germs that live without
oxygen). Fluoroquinolones (if used) jam the DNA-copying machine.

4. The immune system's white blood cells clean up the dead bacteria.
5. Pus production slows, then stops as the infection clears.

6. Fever drops, white count falls, and the patient feels better over days to weeks (empyema
often needs 3-6 weeks of antibiotics).

SAFETY WATCH

Allergic reactions—rash, hives, or (rarely) anaphylaxis, especially with penicillins and
cephalosporins; always ask about prior reactions. - Diarrhea and *Clostridioides difficile*
colitis (C. diff)—broad antibiotics kill good gut bacteria and let C. diff overgrow; watch for
watery diarrhea, cramping, or fever. - Kidney injury with some drugs (aminoglycosides,
vancomycin)—track creatinine. - Liver enzyme rise or blood-count drops with prolonged
use—weekly labs if treatment runs beyond 2 weeks. - Drug interactions—metronidazole
plus alcohol causes severe nausea; fluoroquinolones can trigger tendon rupture or worsen
irregular heart rhythms.

Tissue plasminogen activator (tPA) PLUS DNase (dornase alfa) - Intrapleural
fibrinolytic combination (clot-buster PLUS DNA-chopper)

When empyema becomes thick and loculated (trapped in pockets by fibrin strands and sticky
DNA from dead white cells), a chest tube alone cannot drain it. tPA breaks down the fibrin
glue, and DNase chops up the DNA nets. Together they turn thick pus into thinner liquid that a
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tube can suck out, avoiding surgery in many cases. This combo is squirted directly into the
pleural space through the chest tube, NOT into the bloodstream.

o

. A chest tube is already in place draining the empyema.

. tPA (usually 10 mg) and DNase (usually 5 mg) are mixed in saline and injected into the

pleural space via the tube.

. The tube is clamped for 1-2 hours so the drugs can work without being sucked right back

out.

. tPA converts plasminogen (already present in pleural fluid) into plasmin, which dissolves

fibrin strands.

5. DNase breaks down extracellular DNA, reducing the gooey viscosity of the pus.

6. The tube is unclamped and suction resumed—much more fluid drains out.

. The dose is repeated (typically twice a day for 3 days, total 6 doses) until drainage is clear

or minimal.

. Loculations open up, the lung re-expands, and fever and inflammatory markers (CRP, white

count) drop.

SAFETY WATCH

Bleeding into the pleural space (hemothorax)—rare but serious; do NOT use if the patient
is on blood thinners, has a bleeding disorder, or just had chest surgery. - Pain at the
injection site—some patients need stronger pain medicine during treatment. - Fever or
allergic reaction to the proteins (uncommon). - Air leak if the lung has a hole
(bronchopleural fistula)—tPA can make it worse. - Must monitor chest-tube output, vital
signs, and hemoglobin daily during treatment.

Talc pleurodesis (sterile talc powder) - Sclerosing agent (causes controlled

scarring)

For effusions that keep refilling—especially from cancer that cannot be cured—talc pleurodesis
glues the lung to the chest wall so fluid cannot pool between them anymore. Sterile talc
powder is puffed into the pleural space (usually during a VATS procedure or through a chest

tube). The talc triggers intense inflammation; as the inflammation heals, the two pleural layers

scar together (symphysis). No gap means no room for fluid to collect.

1

. The lung is first drained completely (via thoracentesis or chest tube) and must be able to re-

expand fully.

. Talc powder (4-5 grams) is insufflated (puffed in) during video-assisted thoracoscopic

surgery (VATS), or a talc slurry is injected through a chest tube.

. Talc particles coat the pleural surfaces.
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4. Within hours, neutrophils and later fibroblasts flood the space, releasing inflammatory
signals (cytokines) and laying down fibrin and collagen.

5. Over 1-3 weeks, the visceral and parietal pleurae scar together.
6. The pleural space is obliterated—no gap remains for fluid to pool.

7. Success rate for malignant a fluid collection (effusion) is roughly 80-90 % if the lung re-
expands fully.

SAFETY WATCH

Acute respiratory distress syndrome (ARDS)—rare but life-threatening; using graded,
large-particle talc and avoiding excessive doses reduces this risk. - Pain and fever for
several days after the procedure—patients need strong pain control (opioids and NSAIDs).
- Empyema if bacteria contaminate the talc or the space (rare with sterile technique). -
Pneumothorax or re-expansion pulmonary edema (fluid flooding the lungs) if the lung is re-
inflated too fast. - Contraindicated if life expectancy is very short (under 1-3 months) or
the lung cannot re-expand—offer palliative catheter drainage instead.

Indwelling tunneled pleural catheter (e.g. PleurX) - Device-based therapy (not
a drug, but listed here because it is a key treatment option for recurrent
malignant a fluid collection (effusion))

A soft flexible tube is placed under the skin and into the pleural space, with a one-way valve on
the outside end. The patient (or a nurse) drains fluid at home every 1-3 days by connecting a
vacuum bottle to the valve. This avoids repeated hospital taps and lets people stay comfortable
at home, especially when the cancer cannot be cured and pleurodesis has failed or the lung is
trapped. Over time, some catheters auto-pleurodese (the space scars shut on its own in about
40-50 % of patients), and the catheter can be removed.

1. The catheter is placed in an outpatient procedure under local anesthesia and light sedation.

2. One end sits in the pleural space; the other tunnels under the skin and exits the chest wall
with a valve cap.

3. The patient connects a vacuum drainage bottle to the valve 1-3 times per week (or daily if
needed).

4. Fluid is drained until flow stops or symptoms are relieved (usually 500-1000 mL per
session; do not remove more than 1000-1500 mL at once to avoid re-expansion pulmonary
edema (fluid flooding the lungs)).

5. The valve is capped between drainage sessions—air and bacteria cannot get in.

6. Over weeks to months, drainage often decreases; in many patients the pleural space scars
shut (spontaneous pleurodesis) and the catheter can be pulled.
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SAFETY WATCH

Infection (cellulitis around the exit site or empyema)—risk is about 5 % ; teach sterile
technique and watch for redness, warmth, pus, or fever. - Catheter blockage or
dislodgment—may need replacement. - Pneumothorax (small air leak) during placement—
usually resolves on its own. - Re-expansion pulmonary edema (fluid flooding the lungs) if
too much fluid is pulled off too fast—limit drainage to 1000-1500 mL per session and stop
if the patient coughs or has chest tightness. - Requires patient or caregiver ability to
perform drainage—not suitable if no help is available at home.

Red flags

* Trachea (windpipe) shifted away from the side with fluid — means very large a fluid
collection (effusion) or tension, need urgent drainage

* Fever, foul-smelling fluid, or pus on aspiration — means empyema (infected fluid), needs
chest tube and antibiotics right away

* Re-expansion pulmonary edema (fluid flooding the lungs) after draining more than 1-1.5
liters too fast — lung fills with watery fluid and oxygen drops; drain slowly and stop if cough
or chest tightness starts

* Fluid keeps coming back after drainage — may mean cancer, tuberculosis, or heart failure
is not controlled; needs full work-up

Nursing priorities

1. Check oxygen saturation every 1 to 2 hours and give oxygen to keep SpO2 above 90
percent — Fluid compresses the lung so less alveoli (air sacs) can exchange oxygen; low
oxygen in the blood (hypoxemia) (low oxygen) damages organs fast and you must correct it
before the fluid is drained

2. Position the patient sitting upright at 45 to 90 degrees or leaning forward on a bedside
table — Gravity pulls fluid down and forward when sitting, opening more space in the back
and top of the lung for air to enter and improving diaphragm (breathing muscle) movement

3. Monitor respiratory rate, work of breathing, and use of accessory muscles (neck and
shoulder muscles) every 2 to 4 hours — Increased respiratory rate above 24, retractions
(skin sucking in), or accessory muscle use means the patient is tiring out and may need
higher support like BiPAP (mask pressure) or intubation (breathing tube)
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4. Measure and record the amount, color, and clarity of fluid drained during thoracentesis or
from the chest tube every shift — Thick cloudy or pus-like fluid is empyema needing
antibiotics; bloody fluid may be hemothorax or malignancy; tracking volume prevents re-
expansion pulmonary edema (fluid flooding the lungs) (lung swelling from draining more
than 1000 to 1500 mL too fast)

5. Watch for sudden cough, chest tightness, or dropping oxygen saturation during or right
after drainage — These are signs of re-expansion pulmonary edema (fluid flooding the
lungs) (fluid flooding the lung tissue when it re-inflates too quickly) which can cause
respiratory failure; stop drainage immediately and give oxygen

6. Assess pain level every 4 hours and give ordered analgesics before procedures or chest
tube repositioning — Pleuritic pain (from inflamed pleura rubbing) and procedural pain
cause shallow breathing and splinting (holding chest still), which leads to atelectasis (lung
collapse) and pneumonia

7. Check chest tube for kinks, clots, or disconnection every 2 hours and keep the drainage
system below the chest at all times — Interrupted drainage lets fluid or air re-accumulate
and collapse the lung again; keeping the system lower than the patient uses gravity to
prevent backflow into the chest

8. Monitor temperature every 4 hours and report fever above 100.4 degrees Fahrenheit or
new chills — New fever suggests developing empyema or infection spreading to the
bloodstream (sepsis), which needs immediate blood cultures and escalation of antibiotics

Sources

* British Thoracic Society Pleural Disease Guideline 2023
* American Thoracic Society guidelines on pleural effusion
* IDSA guidelines on empyema and complicated parapneumonic effusion

* NEJM review of pleural effusion evaluation and management
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