MALDEK
CONDITION CATALOG - HEMATOLOGY / PULMONARY

Acute Chest Syndrome

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 STORY IN ONE SENTENCE

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.

“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.”

Normal anatomy — the body's job

The tiny blood vessels in the lungs are normally wide open. Red blood cells flow through easily,
pick up oxygen, and drop off carbon dioxide. In people with sickle cell disease, the abnormal
hemoglobin (hemoglobin S, the protein that causes sickling) stays round and flexible when
oxygen levels are normal, blood is balanced, and the body is well-hydrated. Keep that picture in
your head—the problems only make sense as a change from this smooth, open flow.

BODY'S JOB

The lungs' job is to match blood flow with air flow. Every red blood cell that passes through
should load oxygen and unload carbon dioxide. When vessels stay open and hemoglobin
stays flexible, this swap happens smoothly and oxygen gets to the whole body.

1. Air flows into the lungs through branching tubes (bronchi and bronchioles), like tree
branches getting smaller and smaller, until it reaches millions of tiny air sacs (alveoli)—
imagine them like tiny balloons.

2. Blood flows from the heart through the pulmonary artery, which splits into smaller and
smaller vessels until it reaches the tiniest blood vessels (capillaries) that wrap around each
air sac like a net.
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3. Oxygen moves from the air inside the balloon-like sac through a thin wall (one cell thick)
into the blood, and carbon dioxide moves the opposite way—from blood into the air sac to
be breathed out.

4. In sickle cell disease, red blood cells carry hemoglobin S instead of normal hemoglobin.
When oxygen levels are good and the body is well-hydrated, hemoglobin S stays dissolved
and the cells stay round and soft, flowing smoothly through the capillary net.

5. This balance is fragile. If oxygen drops, the body gets dehydrated, or blood becomes acidic,
hemoglobin S molecules stick together (polymerize) inside the red blood cell, forcing it into
a stiff crescent shape that can't bend through tiny vessels.

What breaks

Three triggers can start acute chest syndrome. First, infection—usually bacterial pneumonia
(like from Streptococcus pneumoniae or Mycoplasma) or a viral respiratory infection (like flu
or RSV). Second, fat a traveling clot lodging in a vessel (embolism)—fat droplets from bone
marrow that died (infarcted) during a pain crisis travel through the bloodstream and get stuck
in lung vessels. Third, in-situ sickling—red blood cells sickle right inside lung vessels because
oxygen dropped or the person got dehydrated. Any of these block the tiny lung blood vessels
and the trouble begins.

CLINICAL TERM

Pneumonia, fat a traveling clot lodging in a vessel (embolism) from marrow tissue death
from blocked blood flow (infarction) (bone marrow tissue death), or pulmonary vaso-
blockage (occlusion) (sickling directly in lung vessels) trigger the syndrome. Sickled red
blood cells and inflammatory cells block the tiny capillaries and small arteries in the lungs.
This causes ventilation-blood flow (perfusion) mismatch—air reaches the lung tissue but
blood flow is blocked, so oxygen can't get picked up. Oxygen saturation drops. Low blood
oxygen (hypoxemia) then makes more cells sickle, creating a dangerous feedback loop.
The result: low oxygen, sharp chest pain (pleuritic pain, worse with breathing), fever,
cough, fast breathing (tachypnea), and a new cloudy patch (infiltrate) on chest x-ray. Read
the findings backward—they all point to blocked tiny vessels in the lungs.
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How the body compensates

Vital signs can look okay at first while the body compensates by breathing faster and pumping
the heart harder. The job is to see the danger before lung failure hits, because once oxygen
drops severely, the sickling loop speeds up and damage spreads to other organs fast.

1.

The body first compensates by breathing faster (tachypnea, often 20-30 breaths per minute
or more) to keep oxygen saturation up and raising heart rate (tachycardia, often over 100
beats per minute) to deliver more oxygen per minute to the tissues.

. This is the dangerous middle phase. Near-normal oxygen saturation (like 92-94% on room

air) can fool the team into thinking the patient is stable, while blocked vessels are actually
spreading underneath. The person is working hard to breathe but can't keep it up forever.

. The crash point to watch for: oxygen saturation keeps dropping despite high-flow oxygen or

needs a breathing machine (mechanical ventilation), lungs fill with severe inflammation and
fluid (acute respiratory distress syndrome, ARDS), and damage spreads to other organs
(multi-organ failure from widespread sickling, including stroke, kidney failure, and liver
injury).

. Watch for rising oxygen needs (needing more liters per minute to keep saturation above

92%), harder work of breathing (using neck muscles and flaring nostrils, called accessory
muscle use and nasal flaring), or confusion (from low oxygen reaching the brain) before full
lung failure develops. Once the patient tips into ARDS, the window for simple fixes closes.

. Track oxygen saturation, breathing rate, work of breathing, and chest x-ray findings over

hours—not just one snapshot—because acute chest syndrome often gets worse fast. A chest
x-ray can look almost normal at first, then show widespread cloudy patches (infiltrates)
24-48 hours later.

. A patient who looks stable but needs 2 liters more oxygen than six hours ago is getting

worse and needs more aggressive care now—likely exchange transfusion (removing sickled
blood and replacing it with normal blood) and closer monitoring in an intensive care unit.

Domino effect

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

tiny blood vessels in the lungs. — 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.
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2. Blocked vessels cause ventilation-blood flow (perfusion) mismatch and low blood oxygen
(hypoxemia). — 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.

3. Low oxygen triggers more red blood cells to sickle, making the blockage worse in a
dangerous feedback loop. — 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.

4. 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). — 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.

5. 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. — 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.

6. Severe cases progress to acute respiratory distress syndrome (ARDS), widespread organ
damage (multi-organ failure), or death. — 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.
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7.

Early recognition and aggressive treatment can reverse the cascade before organ failure
sets in. — 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.

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

— 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.

Symptoms - what the patient feels, 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).
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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).

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.

New cloudy or white patch on chest x-ray (pulmonary infiltrate, often in the lower parts of
the lungs): Air sacs fill with fluid, pus from infection, or blood from tissue death (infarction),
and some air sacs collapse shut (atelectasis) from shallow breathing. All that fluid and
collapsed tissue blocks x-rays, so the area looks whiter (more dense, like a cloud) compared
to the black, air-filled lung around it.

Quieter breath sounds or crackles (popping sounds) when listening to the lungs with a
stethoscope: Collapsed air sacs (atelectasis) or fluid-filled areas (consolidation, like a
sponge full of water) block or muffle air movement, so breath sounds are quieter. Crackles
are the actual sound of collapsed air sacs popping open as the person breathes in—imagine
bubble wrap gently popping.

Coughing up blood (hemoptysis): Lung tissue death (pulmonary tissue death from blocked
blood flow (infarction)) or severe inflammation damages the walls of tiny blood vessels
(capillaries, thinner than a hair), and red blood cells leak into the air sacs and airways. The
blood then comes up when the person coughs.

Confusion or severe tiredness (altered mental status, lethargy): Severe low oxygen starves
the brain (cerebral low oxygen (hypoxia), meaning brain cells aren't getting the oxygen they
need to work), so the person can't think clearly or stays very sleepy. Or sickled cells block
vessels inside the brain (cerebral vaso-blockage (occlusion)), causing stroke-like symptoms.
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Focused exam

* Oxygen level below 95% on room air (measured by pulse oximeter on the finger): In acute
chest syndrome, red blood cells shaped like crescents get stuck in tiny lung blood vessels.
Imagine too many cars jamming a narrow tunnel—oxygen can't jump from the air sacs into
your blood. When your oxygen drops below 95%, it means sickling is hurting your lungs
right now and blood isn't picking up enough oxygen.

* New white or cloudy patch on chest X-ray, usually in the lower part of the lung: That cloudy
spot is like a stain showing where lung tissue got damaged. It could be from infection
(pneumonia), tiny fat drops escaping from hurt bone marrow and blocking vessels (called
fat a traveling clot lodging in a vessel (embolism), meaning fat clogs the pipes), or sickled
cells clogging blood flow (vaso-blockage (occlusion), meaning blocked vessels). This patch
on X-ray proves acute chest syndrome is happening—it separates this condition from a
simple pain crisis in the bones.

Breathing faster than 20 breaths per minute in adults (or faster than normal for a child's
age): Your body tries to pull in more air because damaged lungs can't move oxygen into
your blood very well. Fast breathing is your body's alarm bell saying, 'I need more oxygen—
something is wrong in the lungs.' It shows the lungs are struggling to do their job.

» Fever above 101.3°F (38.5°C) and cough with or without mucus: These symptoms usually
mean an infection (pneumonia) is either starting the acute chest syndrome or making it
worse. Sickled cells damage lung tissue and weaken your defenses, so germs (bacteria or
viruses) can invade more easily. Fever also increases your body's need for oxygen, which
can trigger more sickling.

* Sharp chest pain that gets worse when taking a deep breath (called pleuritic pain): When
sickled cells block the small blood vessels feeding your lung tissue, that tissue starves for
oxygen and nutrients (called starved blood flow (ischemia), meaning not enough blood
reaches the tissue to feed it). It's like a plant wilting without water—the starving tissue
sends sharp pain signals. This kind of pain tells us acute chest syndrome is actively hurting
the lungs.

* Crackles or wheezing heard through a stethoscope when listening to the lungs: Crackles
are popping sounds that mean fluid or pus is filling the air sacs, or that small airways
collapsed and are popping back open. Wheezing is a whistling sound meaning airways are
narrowed by swelling or mucus. Both sounds tell us the lungs are inflamed and not working
smoothly—air can't move freely, and oxygen can't cross into the blood as easily.
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Diagnostics - every test answers a question

* Complete blood count (CBC) with reticulocyte count and patient's baseline hemoglobin for
comparison = Is the hemoglobin (the oxygen-carrying protein in red cells) dropping from
the patient's usual level? Are reticulocytes (baby red cells made by the bone marrow) going
up, showing the marrow is working hard to replace destroyed cells?

* Chest X-ray (front and side views) — Is there a new cloudy patch (called an infiltrate) that
wasn't on previous X-rays? This patch could mean pneumonia, lung tissue death from
blocked blood flow (infarction, meaning tissue dies without oxygen), or fat droplets clogging
vessels.

 Arterial blood gas (ABG) or continuous pulse oximetry (oxygen sensor on the finger) - How
low is the oxygen in the blood? Is carbon dioxide building up (a sign the lungs are failing to
remove waste gas)?

* Blood cultures (at least two sets from different sites) and coughed-up mucus (sputum)
(mucus) cultures before starting antibiotics — Is a specific germ (bacteria or atypical bug)
causing the pneumonia part of acute chest syndrome?

* Type and crossmatch for red blood cell transfusion (simple or exchange) — Does the patient
need a blood transfusion? Are there antibodies in their blood from past transfusions that
could cause a bad reaction to new donor blood?

* Respiratory viral panel (nasal swab for influenza, RSV, COVID-19, and other viruses) — Is a
virus like influenza, respiratory syncytial virus (RSV), or COVID-19 starting the acute chest
syndrome or making it worse?

* Lactate dehydrogenase (LDH) and indirect bilirubin - How much red blood cell destruction
(hemolysis) (red cell destruction) is happening right now?

Treatment logic

» 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.
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* 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.

* 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).
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* Pain medicine: opioids (like morphine 0.1 mg/kg IV every 2-4 hours or hydromorphone)
carefully dosed, OR non-opioid drugs (like ketorolac 15-30 mg IV every 6 hours for up to 5
days) if pain is mild — Eases pain so the patient can breathe deeper without guarding
(holding breath because it hurts). Better breathing keeps airways open and oxygen levels
up, which prevents collapse of small lung areas (atelectasis) and reduces sickling. Pain
control also lowers stress hormones (like cortisol and adrenaline) that can make sickling
worse.

* Bronchodilators (like albuterol inhaler or nebulizer every 4-6 hours) if wheezing or airway
narrowing is present — Opens up narrowed airways (bronchi and bronchioles) by relaxing
the smooth muscle around them, like loosening a belt. This makes it easier for air to flow in
and out, improves oxygen levels, and reduces the work of breathing. Helpful in patients
with asthma or reactive airways (common in sickle cell disease).

Medications

Oxygen (supplemental) - Gas therapy

Oxygen is a gas you breathe in through a mask or nasal prongs. It raises the amount of oxygen
dissolved in your blood. When red blood cells are bathed in high oxygen, hemoglobin S (the
sickle type) is less likely to clump together and twist the cell into a rigid crescent shape. This
reduces new sickling and helps keep small blood vessels open so blood can flow.

. You breathe oxygen-rich air into the alveoli (tiny air sacs in the lungs).
. Oxygen crosses from the alveoli into the blood vessels around them.
. Hemoglobin inside red blood cells binds the oxygen.

1
2
3
4. When hemoglobin S picks up oxygen, it stays relaxed and less sticky.
5. Red blood cells keep their round, flexible shape instead of sickling.
6

. Blood flows smoothly through narrow vessels in the lungs and body.

SAFETY WATCH
Too much oxygen for too long (days) can damage lung tissue in some patients, though
short-term use in acute chest syndrome is safe. - Watch for dry nose or skin irritation from
the oxygen delivery device. - In patients who also have chronic lung disease, very high
oxygen can rarely suppress the drive to breathe—monitor closely.

Ceftriaxone - Third-generation cephalosporin antibiotic

Ceftriaxone is a bacteria-killing drug. It works by breaking the outer wall that bacteria need to
survive. Without that wall, bacteria burst and die. We use it in acute chest syndrome because
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infection (pneumonia) is a common trigger, and ceftriaxone kills the most likely germs—
Streptococcus pneumoniae, Haemophilus influenzae, and some others.

S U A W N e

. Ceftriaxone enters the bloodstream through an IV line.

. It travels to the lungs and enters the infected tissue.

. The drug attaches to enzymes (called penicillin-binding proteins) on the bacterial cell wall.
. These enzymes normally build and repair the wall, but ceftriaxone blocks them.

. The bacteria cannot finish building their protective wall.

. Weak spots form, the wall breaks, and the bacteria die.

SAFETY WATCH

Allergic reactions—rash, itching, or (rarely) severe swelling and trouble breathing. Tell the
team if you are allergic to penicillin, as some cross-reaction is possible. - Diarrhea,
because the drug kills helpful gut bacteria along with the bad ones. - Do NOT mix with
calcium-containing IV fluids in newborns—it can form crystals. - Rarely causes gallbladder
sludge (thick bile) or false-positive urine glucose tests.

Azithromycin - Macrolide antibiotic

Azithromycin stops bacteria from making the proteins they need to grow and multiply. It locks
onto the bacteria's protein-building factory (the ribosome) so the factory cannot read its
instructions. The bacteria cannot make new parts, so they stop growing and eventually die. We
add azithromycin to ceftriaxone because it kills atypical bacteria (Mycoplasma pneumoniae and

Chlamydophila pneumoniae) that ceftriaxone misses.

N O O b W N =

. Azithromycin is swallowed as a pill or given through an IV.

. It enters the blood and travels to the lungs.

. The drug moves inside lung cells and into the space where bacteria live.
. It binds to the 50S part of the bacterial ribosome (the protein factory).

. The ribosome cannot read the messenger RNA instructions anymore.

. Bacteria stop making essential proteins and cannot grow or divide.

. The immune system finishes clearing the weakened bacteria.

SAFETY WATCH

Nausea, stomach cramps, or diarrhea—take with food if it bothers your stomach. - Rarely
causes an irregular heartbeat (prolonged QT interval)—tell the team if you have heart
rhythm problems. - Allergic reactions (rash, swelling)—rare but possible. - Hearing
changes or ringing in the ears with very high doses or long-term use.
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Morphine or Hydromorphone - Opioid analgesic (pain reliever)

These drugs block pain signals in your brain and spinal cord. They attach to opioid receptors
(like a key fitting a lock) and tell the nervous system to turn down the pain volume. In acute
chest syndrome, strong pain control is critical—when chest pain is relieved, you can take deep
breaths and cough to clear mucus, which keeps airways open and prevents more lung collapse.

1. Morphine or hydromorphone is given by IV, enters the bloodstream, and crosses into the
brain and spinal cord.

. The drug binds to mu-opioid receptors on nerve cells.
. This binding closes calcium channels and opens potassium channels on the nerve.
. The nerve becomes less excitable and stops sending pain signals forward.

. Your brain receives fewer pain messages, so you feel less hurt.

S U W N

. With less pain, you breathe deeply and cough effectively, protecting your lungs.

SAFETY WATCH
Slowed breathing (respiratory depression)—nurses monitor your breathing rate and
oxygen closely. - Drowsiness or confusion—tell the team if you feel too sleepy to wake up. -
Constipation—almost everyone gets this; drink fluids and take a stool softener. - Nausea or
itching—common and can be treated with other medicines. - Risk of dependence with long-
term use, but short-term use in the hospital for acute pain is medically appropriate and
safe when monitored.

Intravenous fluids (normal saline or balanced crystalloid) - Isotonic crystalloid
solution

IV fluids are sterile salt water given through a vein. They keep your blood volume up and your
blood flowing smoothly. Dehydration (too little water in the body) makes blood thicker and
sickle cells stickier, which worsens vessel blockage. The goal is euvolemia—just the right
amount of fluid, not too little (which thickens blood) and not too much (which can flood the
lungs).

1. Saline or balanced crystalloid enters the vein through an IV catheter.

2. The fluid dilutes the blood, lowering its thickness (viscosity).

3. Red blood cells have more space and flow more easily through narrow vessels.

4. Hydration keeps hemoglobin S molecules farther apart inside the cell, reducing sickling.

5. Kidneys regulate fluid balance—they remove excess fluid as urine if you get too much.
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SAFETY WATCH

Fluid overload—watch for swelling (puffy hands, feet, or face), trouble breathing, or
crackles heard in the lungs. The team monitors your fluid balance (ins and outs) closely. -
Electrolyte imbalance—too much saline can raise sodium or chloride levels. - IV site
infection or irritation—redness, pain, or swelling at the catheter site.

Incentive spirometer (breathing device) - Mechanical respiratory aid (not a
drug, but a key intervention)

This is a handheld device with a mouthpiece and a tube with a floating ball or piston. You
breathe in slowly and deeply, which sucks the ball up. It trains you to fully inflate your lungs,
especially the lower parts (bases) that tend to collapse when you breathe shallowly from pain.
Deep breaths open tiny airways (alveoli) and prevent atelectasis (collapsed lung areas), which
would worsen oxygen levels and trigger more sickling.

1. You place the mouthpiece in your mouth and seal your lips around it.

N

. You take a slow, deep breath in—this creates negative pressure in your chest.

3. The negative pressure pulls air into the smallest airways and alveoli, inflating parts of the
lung that were closed.

. The floating ball rises to show you are breathing deeply enough.
. You hold your breath for a few seconds to keep the alveoli open.

. You exhale slowly and repeat every hour while awake.

U =2 IS B

. Over time, this keeps your lungs expanded and prevents collapse.

SAFETY WATCH

Dizziness or lightheadedness from breathing too fast or too deep—go slowly and rest
between breaths. - Pain with deep breathing—tell the team so they can adjust your pain

medicine. - The device must be kept clean to avoid spreading germs—do not share it.

Simple red blood cell transfusion - Blood product therapy

This is an infusion of donated red blood cells (from a healthy person) into your vein. The new
cells carry hemoglobin A (normal, flexible hemoglobin) instead of hemoglobin S. They raise
your total hemoglobin level, improve oxygen delivery to tissues, and dilute the percentage of
sickled cells. We use simple transfusion when hemoglobin drops below baseline (usually to 5-7
g/dL or lower) or if oxygen delivery is critically low.

1. Donated red blood cells (matched to your blood type) are prepared in a bag.
2. The bag is connected to your IV line, and cells flow into your vein over 2-4 hours.

3. The new red blood cells (with hemoglobin A) mix with your blood.
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4. Your total red cell count and hemoglobin level rise.
5. Tissues receive more oxygen because there are more healthy cells carrying it.
6. The proportion of sickled cells in circulation goes down (diluted by normal cells).

7. The donor cells live about 2-3 months, then your body replaces them.

SAFETY WATCH
Transfusion reaction—fever, chills, back pain, or trouble breathing during or right after
transfusion. Tell the nurse immediately if you feel strange. - Iron overload with repeated
transfusions over months or years—your body has no way to get rid of extra iron, so it
builds up in organs. Patients who get many transfusions need iron chelation therapy
(medicine to remove iron). - Infection risk (HIV, hepatitis)—extremely rare in the U.S.
because donated blood is screened rigorously. - Alloimmunization—your immune system
may form antibodies against donor blood proteins, making it harder to find matching blood
in the future. - Fluid overload if transfused too fast—watch for swelling or trouble
breathing.

Red blood cell exchange transfusion (erythrocytapheresis) - Blood product
therapy with apheresis procedure

Exchange transfusion removes your blood (high in sickled cells) and replaces it with healthy
donor blood at the same time. A machine takes blood out of one vein, separates and discards
your red cells, and returns donor red cells plus your own plasma and platelets through another
vein. The goal is to drop your hemoglobin S percentage below 30% quickly. We use exchange in
severe acute chest syndrome (multi-lobe pneumonia, very low oxygen, or rapid worsening)
because it works faster and more completely than simple transfusion.

1. Two IV lines are placed—one to take blood out, one to return blood in.

N

. Blood flows into an apheresis machine that spins it to separate red cells from plasma and
platelets.

. Your sickled red cells are collected in a waste bag.
. Donor red blood cells (hemoglobin A) are mixed with your plasma and returned to you.
. The cycle repeats for 2-3 hours until about one blood volume has been exchanged.

. At the end, your hemoglobin S is below 30%, and your total hemoglobin is stable or higher.

N O O e W

. Tissues get much more oxygen because most circulating cells are now healthy.
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SAFETY WATCH
All the risks of simple transfusion (reaction, infection, iron overload, alloimmunization). -
Low calcium—the anticoagulant (citrate) used to keep blood from clotting in the machine
binds calcium. You may feel tingling around your mouth or fingers; calcium is given
through the IV to fix it. - Low platelet count temporarily, because some platelets are lost in
the procedure. - Fluid and electrolyte shifts—the team monitors closely and adjusts IV
fluids. - Requires specialized equipment and trained staff—not available in all hospitals.

Bronchodilators (e.g., albuterol inhaler or nebulizer) - Beta-2 adrenergic
agonist

Albuterol relaxes the smooth muscle wrapped around your airways (bronchioles). When those
muscles tighten (bronchoconstriction), airways narrow and air cannot flow well—you wheeze
and feel short of breath. Albuterol tells the muscle to relax by activating beta-2 receptors,
which makes the muscle cells loosen their grip. This opens the airways wider so you can
breathe easier. We use it in acute chest syndrome if there is wheezing or a history of asthma.

. You inhale albuterol as a mist (nebulizer) or puff (inhaler).
. The drug lands on the lining of your airways and is absorbed into the muscle layer.
. Albuterol binds to beta-2 receptors on smooth muscle cells.

1
2
3
4. This activates an enzyme (adenylyl cyclase) that makes cyclic AMP inside the cell.
5. Cyclic AMP tells the muscle cell to relax and stop contracting.

6

. The airway opens wider, air flows in and out more easily, and wheezing decreases.

SAFETY WATCH
Fast heartbeat (tachycardia) or feeling jittery—common because beta-2 receptors are also
in the heart. - Tremor (shaky hands)—usually mild and goes away. - Low potassium
(hypokalemia) with high doses or frequent use—the team may check your potassium level.
- Rarely, it can trigger chest pain or arrhythmia in people with heart disease. - Overuse can
make asthma control worse in the long run—use only as prescribed.

Red flags

* 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)
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* 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)

Nursing priorities

1.

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% — 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 — 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

. 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 — 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)

. Coach the patient to use an incentive spirometer (a handheld device with a ball that rises

when you breathe in) every 2 hours while awake, taking 10 slow deep breaths each time,
and record the volume reached — Deep breathing opens collapsed air sacs (alveoli) in the
lungs, moves mucus out of small airways, and prevents more lung collapse (atelectasis);
collapsed areas fill with fluid and bacteria, creating new infection—incentive spirometry is
one of the most powerful tools to stop acute chest syndrome from getting worse

. Give strong pain medicine—usually intravenous morphine 0.1 milligrams per kilogram

every 2 to 4 hours or a continuous morphine drip, or hydromorphone for severe pain—and
use a pain scale every 2 hours, keeping pain at 3 out of 10 or lower — Chest pain from
blocked rib blood vessels (bone tissue death from blocked blood flow (infarction)) or
inflamed lung lining (pleuritis) makes patients breathe shallow to avoid hurting; shallow
breaths collapse airways and trap mucus, which worsens acute chest syndrome—
controlling pain lets patients take the deep breaths they need to survive
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6. Monitor respiratory rate, oxygen saturation, work of breathing (look for flared nostrils,
using neck or belly muscles to breathe, or ribs sucking in), and mental status every 2 to 4
hours, and call the provider immediately if oxygen saturation drops below 92%, respiratory
rate goes above 24, or the patient becomes confused — Acute chest syndrome can progress
to acute respiratory distress syndrome (ARDS, severe whole-lung failure) in just a few
hours; early signs are faster breathing (the body trying to get more oxygen), using extra
muscles to breathe (respiratory distress), and confusion (the brain running out of oxygen)—
catching these changes early allows time for exchange transfusion or moving the patient to
intensive care before they crash

7. Notify the hematology team (blood specialists) within 1 hour of diagnosis and prepare for
possible simple transfusion (giving 1 to 2 units of packed red blood cells) or exchange
transfusion (removing the patient's sickled blood and replacing it with normal donor blood)
if oxygen needs increase or chest x-ray shows worsening cloudy areas — Transfusing
normal red blood cells increases the percentage of healthy cells that carry oxygen well and
reduces the percentage of sickle cells blocking lung vessels; exchange transfusion works
faster and is lifesaving when acute chest syndrome is severe—getting the hematology team
involved early saves critical time

8. Keep the head of the bed elevated at 30 to 45 degrees unless the patient has low blood
pressure, and help the patient turn from side to side every 2 hours — Sitting upright lets
the diaphragm (main breathing muscle) move down fully so the lungs can expand more and
take in more oxygen; lying flat squashes the lungs and makes shallow breathing worse—
turning side to side drains mucus from different lung areas and prevents one side from
collapsing completely

Sources

* American Society of Hematology 2020 Guidelines for Sickle Cell Disease

* National Heart, Lung, and Blood Institute (NHLBI) 2014 Evidence-Based Management of
Sickle Cell Disease

* American Thoracic Society
* JAMA 2000 National Acute Chest Syndrome Study Group
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