MALDEK
CONDITION CATALOG - CLINICAL REASONING

Sickle Cell Disease

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 STORY IN ONE SENTENCE

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.

“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.”

Normal anatomy — the body's job

Red blood cells are soft, round discs filled with hemoglobin A (HbA), the protein that carries
oxygen from the lungs to every tissue. The cells are flexible enough to squeeze through the
body's tiniest blood vessels (capillaries), deliver oxygen, pick up carbon dioxide, and return to
the lungs. Each red cell lives about 120 days before the spleen filters it out and recycles it.

BODY'S JOB

Hemoglobin A inside red cells binds oxygen in the lungs (where oxygen is high), travels
through arteries, then releases oxygen into tissues (where oxygen is lower). The soft,
round shape lets red cells bend and fold as they slide through narrow capillaries (smaller
than the cell itself), like a sponge squeezing through a tight pipe. This flexibility keeps
blood flowing smoothly everywhere, from your brain to your toes.

1. Bone marrow makes new red blood cells every day, filling them with hemoglobin A.
2. Red cells travel to the lungs, where hemoglobin A grabs oxygen molecules.

3. The heart pumps oxygen-loaded red cells through arteries to every organ.
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4. In tiny capillaries, red cells squeeze through narrow spaces, drop off oxygen, and pick up
carbon dioxide waste.

5. Red cells return through veins to the lungs, release carbon dioxide, grab fresh oxygen, and
repeat the loop.

6. After about 120 days, old red cells are filtered out by the spleen and recycled into new cells.

What breaks

A child inherits two copies of a mutated hemoglobin gene (one from each parent), so red cells
make hemoglobin S (HbS) instead of normal hemoglobin A. When oxygen drops — during
exercise, dehydration, cold weather, infection, or stress — HbS proteins inside the red cell
stick together like Velcro, forming long, stiff rods. These rods force the cell to twist into a rigid
crescent or sickle shape. Sickled cells cannot bend, so they jam in small blood vessels, blocking
blood flow and starving tissue of oxygen. The sickled cells are also fragile and break apart after
only 10 to 20 days (instead of 120), faster than the bone marrow can replace them, causing
chronic anemia.

CLINICAL TERM

Sickle cell disease (homozygous HbSS or compound heterozygous HbSC/HbS-beta-
thalassemia). A point mutation in the beta-globin gene (Glu6Val) produces hemoglobin S,
which polymerizes under low oxygen tension, deforming red cells into rigid sickles. This
triggers vaso-occlusive crises (microvascular obstruction), destroying red blood cells
(hemolytic) anemia (shortened RBC lifespan of 10-20 days), and progressive organ starved
blood flow (ischemia).

How the body compensates

The body tries to keep oxygen delivery going by making red cells faster, increasing heart rate
and breathing, and widening blood vessels. These moves can keep vital signs stable for a while,
but they cannot fix the upstream break. The danger is that a child can look stable on the
surface while organ damage is building silently — until a tipping point (acute chest syndrome,
stroke, severe anemia, or sepsis) crashes the system faster than you can reverse it.

1. The bone marrow ramps up red cell production (reticulocytosis), sometimes five to ten
times normal, trying to replace cells that break apart every 10 to 20 days. You will see a
high reticulocyte count and expanded marrow on imaging.

2. The heart pumps faster (tachycardia) and harder (increased stroke volume) to push the
smaller number of red cells through the body more quickly, trying to deliver enough oxygen
despite low hemoglobin.
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3. Breathing rate increases (tachypnea) to pull in more oxygen and blow off carbon dioxide
from struggling tissues.

4. Blood vessels dilate (widen) to reduce resistance and let whatever red cells are left flow
more easily — this can drop blood pressure slightly but keeps blood flow (perfusion) going
for a while.

5. The kidneys release erythropoietin (EPO, the hormone that signals the marrow to make
more red cells), which drives the bone marrow even harder — but this cannot keep up with
red blood cell destruction (hemolysis).

6. The spleen tries to filter out sickled and broken cells, but repeated cycles of sickling scar
and destroy it (auto-splenectomy by age 5 in many children), removing a key infection
defense.

7. These compensations keep oxygen delivery and vital signs near-normal at rest, but ANY
stressor — dehydration, infection, cold, exertion — pushes the system past its edge and
triggers a crisis (vaso-occlusive, acute chest, stroke, or splenic sequestration).

8. The tipping point to watch: acute chest syndrome (new lung infiltrate plus chest pain,
cough, or fever), stroke (sudden weakness or confusion), severe anemia from splenic
sequestration (spleen traps large volume of blood, hemoglobin drops fast), or sepsis (fever
in a functionally asplenic child). Once you hit these, the window to reverse damage closes
rapidly.

Domino effect

1. A child inherits two copies of the sickle hemoglobin gene (HbSS), so red cells are filled with
HbS instead of normal HbA. — 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. — 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). — 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.
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4. Blocked blood flow triggers sudden, severe pain (vaso-occlusive crisis) in bones, chest,
belly, or joints — wherever the jam happens. — 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.

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. — 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). — 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). — 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). — 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.
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Symptoms - what the patient feels, 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.

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.

Shortness of breath: Low hemoglobin means the blood carries less oxygen. The lungs work
harder to make up for it, and you feel out of breath even at rest — like trying to breathe
through a straw.

Delayed growth and puberty: Chronic anemia and repeated pain crises steal energy and
nutrients the body needs to grow. Kids with sickle cell often grow more slowly and hit
puberty later than their peers.

Priapism (painful, unwanted erection lasting hours): Sickle cells block the veins that drain
blood out of the penis, so blood gets trapped inside. The tissue swells, can't get oxygen, and
hurts. If it lasts more than 4 hours, it's an emergency because the tissue can be
permanently damaged.

Vision problems or sudden blindness: Sickle cells clog the tiny blood vessels in the retina
(the light-sensing layer at the back of the eye). Without oxygen, retinal cells die, and vision
dims or disappears — like a TV losing signal.
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Focused exam

* Painful swelling in hands and feet (dactylitis): In sickle cell disease, hemoglobin S (HbS)
clumps when oxygen drops, makes red blood cells turn into a stiff crescent shape, and clogs
the tiny blood vessels in fingers and toes. The bone underneath dies because it cannot get
blood. This is often the first sign in babies and young kids.

* Severe bone or chest pain that starts suddenly: Sickle cell disease causes pain crises when
sickled red cells jam up blood vessels. The tissue behind the jam starves for oxygen and
screams with pain. This is the most common sign of the disease.

* Enlarged spleen you can feel below the left rib cage: In sickle cell disease, sickled red cells
get trapped in the spleen and break down fast. The spleen swells trying to clean up the
mess. Over years it scars and shrinks (auto-splenectomy), but in kids it can suddenly trap a
lot of blood and cause shock (splenic sequestration crisis).

* Shortness of breath, chest pain, fever, or new cough: Acute chest syndrome in sickle cell
disease means sickled cells have clogged the lungs or an infection has started. The lungs
cannot move oxygen into the blood. This is the top cause of death in adults with sickle cell
disease if you miss it.

» Stroke signs: sudden weakness, speech trouble, facial droop: In sickle cell disease, sickled
red cells clog blood vessels in the brain and block blood flow. Brain cells die in minutes.
Kids with sickle cell disease need yearly ultrasound of neck and brain blood vessels
(transcranial Doppler, TCD) starting at age 2 to catch narrowing before stroke happens.

 Pale or yellow skin and eyes, tiredness: Sickle cell disease breaks red cells fast—they live
10 to 20 days instead of 120. The body cannot make new cells fast enough, so hemoglobin
drops (anemia). The liver breaks down old hemoglobin into bilirubin, turning skin and eyes
yellow (jaundice).

* Priapism: painful erection that will not go away: In sickle cell disease, sickled cells block
blood vessels in the penis. Blood gets trapped and oxygen drops. The pain is severe. This is
a medical emergency because the tissue can die and the patient can lose function. Any
erection lasting over 4 hours needs emergency care.

Diagnostics - every test answers a question

* Complete blood count (CBC) with reticulocyte count - How low is the hemoglobin, and is
the bone marrow making enough new red cells to keep up?

* Hemoglobin electrophoresis or HPLC — What type of hemoglobin is in the blood—is it the
sickle type (HbS)?

* Peripheral blood smear — Are sickled red cells visible under the microscope?

» Total and direct bilirubin — Is the liver breaking down red cells faster than normal?
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* Lactate dehydrogenase (LDH) — Is there ongoing red cell breakdown (hemolysis)?

* Transcranial Doppler (TCD) ultrasound (yearly from age 2 to 16) = Are the blood vessels in
the brain getting narrow and putting the child at risk for stroke?

* Urine microalbumin and serum creatinine (yearly starting at age 10) — Is the kidney
starting to fail from chronic sickling?

* Chest X-ray (when acute chest symptoms appear) — Is there a new shadow in the lungs that
could be infection or sickling (acute chest syndrome)?

Treatment logic

* 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.

* 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.

* 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.

* 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.

* 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).

* Pain crisis management: IV fluids, oxygen if saturations drop below 95 percent, opioids for
severe pain — IV fluids thin the blood and help sickled cells flow better. Oxygen keeps more
hemoglobin loaded with oxygen so less HbS clumps. Opioids control pain so the patient can
breathe deeply and avoid lung complications.

* Hematopoietic stem cell transplant (bone marrow transplant) or gene therapy — Replaces
the bone marrow making sickle hemoglobin with marrow that makes normal hemoglobin, or
edits the patient's own genes to turn on fetal hemoglobin or fix the sickle mutation. This is
the only cure.
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Medications

(1) Hydroxyurea for medium or bad disease (makes more fetal hemoglobin,
fewer crises) -

(2) L-glutamine, voxelotor (raises hemoglobin), crizanlizumab (fewer crises). (3) Folic acid pills.
(4) Give shots (PCV, PPSV, meningococcal, Hib, flu, COVID). (5) Penicillin pills until age 5. (6)
Stop strokes — check blood vessels once a year, give transfusions if bad. (7) Bone marrow
transplant or gene therapy can cure it. (8) Fix problems (chest pain, penis trouble, bone death,
eye damage). (9) Make a full care plan, pain plan just for them. Each medicine on this list does
a body job. Name the job before naming the drug. The medicine is the tool, the broken step is
the target. Avoid the reflex of one-symptom-one-drug. Match each agent to hbS clumps when
oxygen is low, makes red cells sickle, clogs blood tubes and the patients individual physiology.

Red flags

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

* 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

Nursing priorities

1. Give IV fluids at 1.5 times the maintenance rate to increase blood volume and prevent
further sickling. — 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. — 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.
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3. Monitor oxygen saturation continuously and give supplemental oxygen if SpO2 drops below
95% or below the patient's baseline. — 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.

4. Assess respiratory rate, lung sounds, and work of breathing every 2 to 4 hours, and report
new cough, chest pain, or oxygen need immediately. — Acute chest syndrome develops in
30% of hospitalized sickle cell patients, often starting 24 to 72 hours after admission; early
detection allows prompt treatment with antibiotics, incentive spirometry (breathing
exercises), and possible transfusion before respiratory failure develops.

5. Perform incentive spirometry (breathing exercises with a device that measures deep
breaths) 10 times every 2 hours while awake. — Pain causes shallow breathing and
splinting (guarding the chest), which leads to atelectasis (collapsed lung areas) where
sickled cells pool and cause acute chest syndrome; deep breathing keeps airways open and
prevents this deadly complication.

6. Check temperature every 4 hours and notify the provider immediately if temperature rises
above 101.3°F (38.5°C). — Functional asplenia (the spleen stops working from repeated
sickling damage) means patients cannot filter bacteria from blood or make antibodies
quickly; fever may be the only early sign of sepsis from encapsulated bacteria that can
progress to septic shock and death within hours.

7. Teach the patient to avoid cold exposure, dress warmly, stay hydrated with 8 to 10 glasses
of water daily, and recognize early crisis symptoms. — Cold causes vasoconstriction (blood
vessels narrow), which slows blood flow and increases sickling; dehydration concentrates
abnormal hemoglobin; early treatment of mild pain at home prevents progression to severe
crisis needing hospitalization.

8. Verify the patient received daily penicillin prevention (prophylaxis) (preventive antibiotics)
if under age 5, and administer overdue vaccinations before discharge. — Children under 5
have the highest risk of pneumococcal sepsis because their immune systems are still
developing and cannot compensate for the missing spleen function; daily penicillin reduces
invasive pneumococcal infection by 84% in this age group.

Sources

* American Society of Hematology 2020 Sickle Cell Disease Guidelines

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

¢ CDC Sickle Cell Disease Recommendations

¢ Cochrane Reviews on Sickle Cell Disease Interventions
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