MALDEK
STUDY SHEET - CLINICAL REASONING

Sickle Cell Disease

Sickle cell disease is managed with hydroxyurea (a pill that makes the body
produce more baby hemoglobin, which does not sickle), regular blood transfusions
to dilute sickle cells, penicillin shots to prevent infection (because the spleen gets
damaged early), and a clear pain plan for crises.

THE ONE-LINE TRUTH

A child inherits two copies of a mutated hemoglobin gene (HbS). When oxygen runs low,
the HbS protein inside red blood cells clumps together and bends the cells into a stiff
crescent (sickle) shape. These sickle cells jam in small blood vessels and break apart,
starving tissue and triggering pain and organ damage.

The chain — how it unfolds

1. A child inherits two copies of the sickle hemoglobin gene (HbSS), so red cells are filled with
HbS instead of normal HbA. — why: The genetic mutation (a single DNA base change in the
beta-globin gene) makes hemoglobin that is sticky and clumps when oxygen is low — this is
the upstream break that starts every downstream problem.

2. When oxygen drops (dehydration, cold, exercise, infection, or high altitude), HbS proteins
inside red cells stick together and form long, stiff rods that bend the cell into a crescent
(sickle) shape. — why: Normal HbA stays dissolved and flexible, but HbS has a 'sticky
patch' exposed when it releases oxygen, causing it to polymerize (chain together) like
Velcro. The rigid rods force the soft, round cell into a hard, crescent shape.

3. Sickled cells jam in small blood vessels (capillaries and venules), blocking blood flow to
tissue downstream — this is called vaso-blockage (occlusion). — why: Sickled cells are stiff
and sticky; they cannot bend to squeeze through narrow vessels. They pile up like logs in a
stream, stopping blood flow and starving tissue of oxygen and glucose.

4. Blocked blood flow triggers sudden, severe pain (vaso-occlusive crisis) in bones, chest,
belly, or joints — wherever the jam happens. — why: Tissue downstream of the blockage
runs out of oxygen (ischemia), and dying cells release inflammatory chemicals that fire pain
nerves. Bone marrow (which has a rich blood supply and narrow spaces) is especially
vulnerable, causing deep bone pain.
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5. Sickled red cells are fragile and break apart (hemolyze) after only 10 to 20 days, much
faster than the normal 120-day lifespan, causing chronic anemia. — why: The rigid sickle
shape stresses the cell membrane until it ruptures. The spleen and liver clear the debris,
but the bone marrow cannot make new cells fast enough to keep hemoglobin levels normal
— so the child is always anemic (low red count).

6. The spleen gets damaged early (often by age 2 to 5) from repeated sickling in its tiny blood
vessels, shrinks, and stops working (auto-splenectomy). — why: The spleen filters blood
through very narrow channels; sickled cells jam there, causing mini-infarcts (small areas of
dead tissue) that scar and kill the spleen over time. Without a working spleen, the child
cannot clear encapsulated bacteria (Streptococcus pneumoniae, Haemophilus influenzae,
Neisseria meningitidis) and is at very high risk for life-threatening sepsis.

7. Over years, repeated vaso-blockage (occlusion) and chronic inflammation damage organs:
stroke (blocked brain vessels), kidney disease (damaged glomeruli and medulla), pulmonary
high blood pressure (hypertension) (lung vessel injury), avascular tissue death (necrosis)
(bone death, especially hip and shoulder), retinopathy (eye vessel blockage), and priapism
(painful, prolonged erection from blocked penile veins). — why: Every blockage starves
tissue of oxygen, killing cells and triggering scar tissue. Broken red cells release free
hemoglobin and iron, which generate toxic oxidants that injure blood vessel walls
(endothelium) and drive chronic inflammation — this accelerates vessel disease
everywhere.

8. Acute life-threatening complications can strike suddenly: acute chest syndrome (new lung
infiltrate from fat a traveling clot lodging in a vessel (embolism), infection, or sickling,
causing chest pain, cough, low oxygen), stroke (sudden weakness, confusion, or seizure
from a blocked or bleeding brain vessel), splenic sequestration (spleen traps a large volume
of blood, hemoglobin drops fast, causing shock), and sepsis (overwhelming infection in a
child with no working spleen). — why: These are tipping points where compensation fails.
Acute chest syndrome can spiral into respiratory failure; stroke can cause permanent brain
damage; sequestration can drop hemoglobin so fast the heart cannot keep up; and sepsis
can kill within hours because the child has no spleen to clear bacteria from the blood.

Spot it — what you see, and why

* Pain crises (sudden, severe pain in bones, chest, belly, or joints): Sickle-shaped red blood
cells are stiff and sticky, so they clump together and block small blood vessels. When blood
can't reach the tissue, it starves for oxygen and screams with pain — like when your foot
falls asleep but much worse.

* Swelling in hands and feet (dactylitis): Sickle cells jam the tiny blood vessels in the fingers
and toes, cutting off blood flow. The tissue swells up like a sponge soaking up water, and it
hurts.
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* Pale skin, gums, or nail beds (anemia): Sickle-shaped red blood cells are fragile and break
apart in about 10-20 days instead of the normal 120. The body can't make new cells fast
enough, so the blood runs low on hemoglobin (the red pigment that carries oxygen), and
skin looks pale.

* Yellowing of the skin and eyes (Jaundice) (yellow tint to skin and whites of eyes): When the
fragile sickle cells break apart, they release bilirubin (a yellow waste product from old
hemoglobin). The liver can't clear it all, so it builds up and stains the skin and eyes yellow.

» Fatigue and weakness: With fewer healthy red blood cells, less oxygen reaches the muscles
and brain. It's like trying to run a car on half a tank of gas — you just don't have the energy.

* Frequent infections (especially lung and bone): The spleen (the body's infection-fighting
filter) gets clogged and damaged by sickle cells over time, especially in young children.
Without a working spleen, germs like Streptococcus pneumoniae and Haemophilus
influenzae can spread unchecked.

Red flags — act now

* Fever over 101°F (38.3°C) — may signal a life-threatening infection because the spleen is
damaged

e Sudden, severe headache or weakness on one side — could be a stroke from blocked brain
blood vessels

* Chest pain, trouble breathing, or coughing — may be acute chest syndrome (sickle cells
clogging lung vessels), a top cause of death

* Sudden, severe belly pain or swelling — could be splenic sequestration (the spleen traps a
huge amount of blood) or liver/gallbladder blockage

* Priapism lasting more than 2-4 hours — permanent damage can happen fast

Treat it — in this order

1. Hydroxyurea (daily pill) = Tells bone marrow to make more fetal hemoglobin (HbF), which
does not clump when oxygen is low. Fewer red cells sickle, fewer pain crises, fewer trips to
the hospital, and lower risk of stroke and acute chest syndrome.

2. Penicillin VK (daily from 2 months to age 5) — Kills bacteria before they can infect the
blood. Sickled cells clog the spleen, so it cannot filter germs out. Without penicillin, kids
with sickle cell disease can die from pneumococcal sepsis in hours.

3. Vaccinations: PCV13, PPSV23, meningococcal (MenACWY and MenB), Hib, yearly flu,
COVID-19 - Teaches the immune system to fight bacteria that the broken spleen cannot
filter out. Prevents life-threatening infections from Streptococcus pneumoniae,
Haemophilus influenzae, and Neisseria meningitidis.
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4. Annual transcranial Doppler (TCD) ultrasound and chronic transfusions if high-risk — Spots
blood vessels in the brain getting narrow before a stroke happens. Regular transfusions
dilute HbS with normal HbA so fewer cells sickle, lowering stroke risk by over 90 percent in
high-risk kids.

5. Folic acid 1 mg daily — Bone marrow makes new red cells fast to replace the ones breaking
down, but it needs folate to build DNA. Daily folic acid prevents the marrow from running
out and slowing down (megaloblastic anemia).

Your top priorities at the bedside

1. Give IV fluids at 1.5 times the maintenance rate to increase blood volume and prevent
further sickling. — why: Dehydration makes blood thicker and more acidic, which causes
more hemoglobin S (the abnormal sickle hemoglobin) to clump together and form sickle
shapes; adequate hydration dilutes the blood and reduces the concentration of sickled cells
blocking vessels.

2. Start pain medicine within 30 minutes of triage using the analgesic ladder: acetaminophen
and ibuprofen first, then add opioids like morphine or hydromorphone for severe pain, and
reassess pain score every 30 to 60 minutes. — why: Vaso-occlusive pain crisis (when sickled
cells clog small blood vessels and starve tissue of oxygen) causes severe blood-starved
(ischemic) pain (pain from lack of blood flow); untreated pain causes stress hormone
release that worsens sickling and creates a dangerous cycle of more pain and more
sickling.

3. Monitor oxygen saturation continuously and give supplemental oxygen if SpO2 drops below
95% or below the patient's baseline. — why: Low oxygen levels (hypoxia) trigger more red
blood cells to release their oxygen, and deoxygenated hemoglobin S is what causes sickling;
keeping oxygen levels normal prevents additional sickling and reduces risk of acute chest
syndrome.
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