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Acute Chest Syndrome
Acute chest syndrome is a dangerous lung problem in sickle cell disease. Infection
(like pneumonia), fat from broken bone marrow, or sickled cells clog the tiny blood
vessels in the lungs. Urgent treatment with oxygen, antibiotics, a machine to help
breathing (to keep lungs open), and blood transfusion (swapping sickled blood for
healthy blood) can stop lung failure and save the person's life.

T H E  O N E - L I N E  T R U T H

A person with sickle cell disease gets a new cloudy spot on a chest x-ray plus fever, chest

pain, or low oxygen—this is acute chest syndrome, a life-threatening lung emergency.

The chain — how it unfolds

Infection, fat a traveling clot lodging in a vessel (embolism), or in-situ sickling blocks the

tiny blood vessels in the lungs. — why: Pneumonia fills air sacs (alveoli) with fluid, pus, and

immune cells, blocking air from reaching blood. Fat droplets from dead bone marrow lodge

in small lung vessels like corks in a bottle. Or sickled cells physically clog capillaries

because low oxygen, dehydration, or too much acid in the blood (acidosis) made

hemoglobin S chain together inside the cells, twisting them into rigid crescents. All three

block blood flow and oxygen exchange in those lung zones.

Blocked vessels cause ventilation-blood flow (perfusion) mismatch and low blood oxygen

(hypoxemia). — why: Air reaches the air sacs, but blood can't flow past the blockage to pick

up oxygen. So oxygen saturation drops even though the person is breathing. The body tries

to send blood to open lung zones, but if too many zones are blocked, oxygen levels fall

below 92% (hypoxemia). This is the critical moment—low oxygen is the fuel that drives the

next domino.

Low oxygen triggers more red blood cells to sickle, making the blockage worse in a

dangerous feedback loop. — why: When oxygen drops, hemoglobin S inside red blood cells

chains together (polymerizes), twisting the cells into stiff crescents that clog even more

capillaries downstream. This drops oxygen further in a vicious cycle. Each cycle takes

minutes to hours, so the syndrome can escalate from mild to severe very fast. Breaking this

loop with oxygen and blood transfusion is the key to stopping progression.
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The immune system releases inflammatory signals (cytokines like TNF-alpha and

interleukins), causing fever, high white blood cell count (leukocytosis), and sticky blood

vessel linings (endothelial activation). — why: The body detects tissue damage and infection

and calls in more immune cells, activates clotting, and makes blood vessel walls sticky to

trap pathogens. But this also makes the lung environment more acidic (lactic too much acid

in the blood (acidosis) from inflamed tissue) and more likely to cause sickling. The

inflammation also makes capillaries leaky, so fluid and protein seep into air sacs, further

blocking oxygen exchange.

Pain from rib or chest bone tissue death (infarction) or inflamed lung lining (pleurisy)

makes the person take shallow breaths, leading to collapsed air sacs (atelectasis) and worse

oxygen levels. — why: Breathing hurts sharply with every inhale (pleuritic chest pain), so

the person unconsciously takes smaller, shallower breaths to avoid pain. This lets air sacs in

the lower lungs collapse (atelectasis) and mucus pool in the airways. Collapsed sacs can't

exchange oxygen, and pooled mucus becomes a breeding ground for bacteria, setting up

secondary pneumonia and worsening the cycle.

Severe cases progress to acute respiratory distress syndrome (ARDS), widespread organ

damage (multi-organ failure), or death. — why: If the sickling loop isn't broken,

inflammation floods the entire lung. Capillaries become so leaky that protein-rich fluid fills

air sacs (pulmonary swelling (edema)), lungs become stiff, and oxygen levels plummet even

with a breathing machine (this is ARDS). Widespread sickling spreads to the brain (stroke),

kidneys (acute kidney injury), liver (hepatic crisis), and heart (myocardial tissue death from

blocked blood flow (infarction)). Without aggressive treatment—exchange transfusion,

mechanical ventilation, antibiotics, and supportive care—the person can die within days.

Early recognition and aggressive treatment can reverse the cascade before organ failure

sets in. — why: Giving oxygen breaks the low oxygen in the blood (hypoxemia)-sickling loop.

Broad-spectrum antibiotics (like a third-generation cephalosporin plus a macrolide) treat

bacterial infection. Incentive spirometry (a breathing exercise device) keeps air sacs open

and prevents atelectasis. Simple transfusion (adding healthy blood) or exchange transfusion

(swapping out sickled blood) raises hemoglobin A (normal hemoglobin) and lowers

hemoglobin S, stopping the sickling chain reaction. Fluids prevent dehydration without

overloading the lungs. Pain control lets the person take deep breaths. When started early—

within hours of diagnosis—these treatments stop most cases from progressing to ARDS or

multi-organ failure.
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Long-term prevention strategies reduce the risk of future acute chest syndrome episodes.

— why: Hydroxyurea (a daily pill) raises fetal hemoglobin (hemoglobin F), which doesn't

sickle, and reduces sickling crises by 50%. Chronic transfusion therapy (monthly blood

transfusions) keeps hemoglobin S levels low in high-risk patients. Vaccination against

Streptococcus pneumoniae, Haemophilus influenzae, influenza, and COVID-19 prevents the

infections that trigger most episodes. Teaching patients to recognize early symptoms (fever,

cough, chest pain, shortness of breath) and seek care immediately shortens the time to

treatment and saves lives.

Spot it — what you see, and why

Fever (temperature 101.3°F / 38.5°C or higher): Infection from bacteria or viruses triggers

the immune system to release fever-causing chemicals (pyrogens, like little alarm signals)

that reset the brain's thermostat to a higher setting. Or dead tissue (infarction, meaning

tissue that died because blood couldn't reach it) releases chemicals that also turn up the

body's temperature.

Sharp chest pain that gets worse with deep breathing or coughing (pleuritic chest pain):

Sickled red blood cells clump and block small blood vessels in the ribs, breastbone, or the

thin lining around the lungs (pleura, like plastic wrap around each lung). The blocked

vessels starve tissue of oxygen (ischemia, meaning not enough blood is feeding the tissue),

and the tissue gets swollen and angry (inflamed). The pleura has lots of pain nerves, so

even a small injury there really hurts.

Cough (dry or bringing up mucus/coughed-up mucus (sputum)): Infection or swelling in the

airways irritates the lining, and the lungs reflexively try to clear out the junk—like sweeping

dust off a floor. If there's pneumonia (lung infection), the body makes extra mucus to trap

germs, so the cough may bring up thick stuff (sputum).

Fast breathing—more than 20 breaths per minute in adults, faster than normal for age in

children (tachypnea): Low oxygen in the blood and stiff, swollen lungs make special sensors

(chemoreceptors, like oxygen alarms) in the brain and neck arteries send an urgent signal:

breathe faster to pull in more oxygen. It's the body's way of trying to fix the oxygen

shortage.

Low oxygen saturation—below 95% on room air, or a drop of 3% or more from the patient's

usual level (hypoxemia): Blocked blood vessels and tiny air sacs (alveoli, where oxygen

normally jumps into the blood) filled with fluid or collapsed shut stop oxygen from getting

into the bloodstream. Blood flows past lung zones that aren't getting fresh air (ventilation-

blood flow (perfusion) mismatch, like a car engine getting fuel but no air to burn it).
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Shortness of breath, harder work to breathe (dyspnea): Low oxygen and stiff, swollen lungs

(from inflammation or collapsed air sacs) mean each breath takes a lot more muscle work.

The brain senses the oxygen shortage and sends a distress signal that feels like air hunger

—the scary feeling that you can't get enough air.

Red flags — act now

Oxygen saturation below 90% even with extra oxygen given through a mask or nasal tube

(signals severe lung failure coming and the lungs can't do their job anymore)

Oxygen needs rising fast over 4 to 6 hours (suggests blocked vessels spreading through the

lungs or severe whole-lung inflammation, acute respiratory distress syndrome—ARDS)

Cloudy patches in multiple lobes (sections) of the lungs on chest x-ray (means widespread

lung damage and much higher risk of death)

Confusion, severe sleepiness, or not responding normally (signals the brain is starving for

oxygen or sickled cells are blocking brain blood vessels, like a stroke)

Coughing up blood or other signs of bleeding in the lungs (signals severe tissue death or

blood vessel damage inside the lung)

Treat it — in this order

Extra oxygen through a nasal cannula (nose tube) or face mask to keep oxygen saturation

above 95% → Raising oxygen in the blood stops a bad spiral: higher oxygen keeps

hemoglobin S from forming stiff rods inside red cells (polymerization, meaning the protein

chains link together and harden the cell). Fewer sickled cells means blood flows better

through the tiny lung vessels, which lets more oxygen cross into the bloodstream. It's like

opening a clogged pipe—flow improves right away. This also reduces the body's stress

response and lowers the chance of multi-organ damage.

Broad-spectrum antibiotics started within 1 hour: a third-generation cephalosporin (like

ceftriaxone 1–2 g IV daily or cefotaxime) PLUS a macrolide (like azithromycin 500 mg IV or

oral) to cover atypical germs → Kills common pneumonia bacteria (Streptococcus

pneumoniae, Haemophilus influenzae, Staphylococcus aureus) and atypical germs

(Mycoplasma pneumoniae, Chlamydia pneumoniae). Treating infection reduces swelling in

the air sacs, lowers inflammatory chemicals (cytokines, meaning messenger proteins that

cause swelling and vessel blockage), and lets the lungs exchange oxygen again. Early

antibiotics (within 1 hour) cut the risk of severe complications and death, per NHLBI and

Infectious Diseases Society of America (IDSA) guidelines.
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Incentive spirometry (breathing exercise with a handheld device that shows how deep you

breathe) every 2 hours while awake, aiming for 10 deep breaths each time → Prevents small

airways and air sacs at the lung bases from collapsing (atelectasis, meaning collapse).

Think of it like inflating a balloon to keep it from sticking shut. Keeping airways open stops

oxygen levels from dropping further, reduces the chance of more sickling and infection, and

helps clear mucus. Studies in sickle cell patients show incentive spirometry lowers the rate

of severe acute chest syndrome.

IV fluids at maintenance rate (about 1.5 times normal daily needs, roughly 100–125 mL/

hour in adults) to keep the patient well hydrated without overloading → Keeps the right

amount of fluid in the body so blood doesn't get thick and sticky. Thinner blood helps

sickled cells squeeze through narrow vessels more easily. Good hydration also keeps

kidneys working well, prevents dehydration (which makes sickling worse), and supports

normal blood pressure. Aim for urine output of at least 0.5–1 mL/kg/hour.

Blood transfusion: simple transfusion (add 1–2 units of packed red cells) if hemoglobin

drops more than 2 g/dL below baseline, OR exchange transfusion (remove patient's blood

while replacing it with donor blood) to lower hemoglobin S below 30% in severe cases →

Replaces stiff, crescent-shaped cells with flexible, round red cells that carry oxygen well

and flow smoothly through tiny vessels. It's like swapping flat tires for good ones—the car

drives better immediately. Simple transfusion raises hemoglobin and oxygen delivery.

Exchange transfusion also removes sickled cells while adding new ones, keeping total

hemoglobin from rising too high (above 10–11 g/dL), which would make blood too thick.

NHLBI guidelines recommend exchange transfusion for severe acute chest syndrome

(oxygen below 90%, multi-lobe infiltrates on X-ray, or worsening despite oxygen and

antibiotics).

Your top priorities at the bedside

Start supplemental oxygen immediately through nasal cannula at 2 to 4 liters per minute or

face mask, and check oxygen saturation with a pulse oximeter every 1 to 2 hours, keeping

the level above 95% — why: Sickled red blood cells (abnormal crescent-shaped cells) block

small blood vessels in the lungs, stopping oxygen from getting into the blood; low oxygen

makes more cells sickle, creating a dangerous cycle—giving extra oxygen breaks this cycle

and protects the brain, heart, and kidneys from damage

Give intravenous fluids at 1 to 1.5 times the normal daily amount (maintenance rate) using

normal saline or D5 half-normal saline, but watch closely for fluid overload—check lung

sounds every 4 hours and stop fluids if you hear crackles or the patient gains more than 1

kilogram in 24 hours — why: Dehydration (too little body water) makes blood thicker and

causes more red cells to sickle and clump together, blocking lung vessels; however, too

much fluid floods the lungs (pulmonary swelling (edema)), making oxygen levels drop even

more—the goal is gentle hydration without drowning the lungs
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Administer intravenous broad-spectrum antibiotics within 1 hour of diagnosis—ceftriaxone

1 to 2 grams IV once daily PLUS azithromycin 500 milligrams IV once daily—and document

the exact time given — why: Infection from bacteria like Streptococcus pneumoniae,

Haemophilus influenzae, or atypical germs like Mycoplasma triggers inflammation that

makes sickled cells stick to vessel walls; starting antibiotics fast stops the infection from

spreading and reduces lung inflammation before it causes permanent scarring (fibrosis)
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