MALDEK

STUDY SHEET - HEMATOLOGY

Sickle Cell Trait

Sickle cell trait means you inherited one sickle hemoglobin gene and one normal
hemoglobin gene. Your red blood cells work normally almost all the time because
you make plenty of healthy hemoglobin. This is not a disease—it is a carrier state
that usually causes no symptoms.

THE ONE-LINE TRUTH

Sickle cell trait is a benign carrier state where one normal and one sickle hemoglobin gene
produce enough normal hemoglobin to prevent sickling under almost all everyday
conditions.

The chain — how it unfolds

1.

Inheritance of one sickle hemoglobin gene and one normal hemoglobin gene — why: Each
parent contributes one beta-globin gene; receiving one sickle gene and one normal gene
results in hemoglobin AS genotype with 35 to 45 percent hemoglobin S.

. Red blood cells contain mixed hemoglobin A and hemoglobin S — why: The normal gene

produces enough hemoglobin A to keep red blood cells round and flexible under typical
oxygen conditions, preventing polymerization of the sickle hemoglobin.

. Normal circulation and oxygen delivery during everyday activities — why: Sufficient normal

hemoglobin ensures red blood cells do not sickle during rest, moderate exercise, or routine
stress, so there are no symptoms or organ damage.

. Exposure to extreme physiological stress reduces oxygen availability — why: Severe

dehydration, very high altitude above 10,000 feet, intense prolonged exercise without
hydration, or extreme heat can lower blood oxygen levels enough to trigger sickling in some
cells.

. Rare transient sickling in small percentage of red blood cells — why: When oxygen drops

very low, some hemoglobin S molecules polymerize and distort a few red blood cells, but
this is usually temporary and resolves when oxygen and hydration are restored.

. Possible microscopic tissue starved blood flow (ischemia) in kidney medulla — why: The

inner kidney has naturally low oxygen and high salt concentration, so very rarely a trait
carrier may have brief sickling in renal capillaries, causing painless blood in urine
(hematuria) that usually resolves on its own.
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7. Extremely rare exertional rhabdomyolysis or sudden collapse — why: In the most extreme
cases—untreated severe dehydration combined with maximum exertion and heat stress—
widespread sickling can block blood flow to muscles or cause dangerous overheating,
leading to muscle breakdown (rhabdomyolysis) or sudden death, though this is
exceptionally uncommon.

8. Return to normal function with rehydration and rest — why: Once oxygen levels normalize
and fluids are restored, sickling stops, red blood cells resume normal shape, and circulation
returns to baseline with no lasting damage in the vast majority of trait carriers.

Spot it — what you see, and why

* Usually no symptoms: Only one abnormal hemoglobin gene (sickle hemoglobin gene)
inherited—normal hemoglobin A from the other parent makes enough healthy red blood
cells for everyday life

* Blood in urine (hematuria): Sickle hemoglobin in the kidney medulla (inner part of the
kidney) causes red blood cells to sickle in the low-oxygen environment, blocking tiny
vessels and damaging kidney tissue

* Inability to concentrate urine (hyposthenuria): Repeated sickling in the renal medulla
damages the loop of Henle (kidney structure that concentrates urine), preventing the
kidney from making concentrated urine

* Muscle pain or weakness during extreme exercise

* Dark urine after intense exercise: Extreme physical stress causes red blood cells to break
apart (hemolysis), releasing myoglobin from damaged muscle and hemoglobin into urine,
turning it brown or cola-colored

* Urinary tract infections: Damage to the kidney medulla from sickling impairs the kidney's
ability to concentrate urine and maintain normal immune defenses in the urinary tract

Red flags — act now

* Severe muscle pain, weakness, or dark cola-colored urine after intense exercise—indicates
exertional sickling with rhabdomyolysis and risk for acute kidney injury or death

* Sudden collapse or loss of consciousness during high-intensity training—suggests life-
threatening exertional sickling with possible cardiac arrest from high potassium
(hyperkalemia)

* Left upper abdominal pain with left shoulder pain at high altitude—indicates splenic tissue
death from blocked blood flow (infarction) requiring descent and emergency evaluation

* Persistent or worsening proteinuria with rising creatinine—suggests progressive chronic
kidney disease requiring ACE inhibitor or ARB and nephrology referral
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Treat it — in this order

1.

Hydration during exercise and illness — Adequate fluid intake keeps blood volume normal
and prevents red blood cells from concentrating and sickling in small vessels during
physical stress

. Gradual conditioning and avoiding extreme exertion — Slow buildup of exercise intensity

with frequent rest and hydration reduces risk of exertional sickling syndrome and sudden
death during training

. Avoiding high altitude above 8,000 feet without acclimatization — Reduces risk of splenic

tissue death from blocked blood flow (infarction) by avoiding low oxygen environments that
trigger sickling; gradual ascent allows physiologic adaptation

. Genetic counseling for reproductive planning — Provides information about inheritance

patterns and testing options so couples can make informed decisions about pregnancy and
prenatal diagnosis

. Angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) for

proteinuria — Reduces protein loss in urine and slows progression of chronic kidney disease
in individuals with persistent proteinuria from sickle cell trait nephropathy

Your top priorities at the bedside

1.

Recognize that sickle cell trait is a carrier state, not a disease requiring routine treatment.
— why: Patients with one sickle gene (HbAS genotype) typically have 35-45% hemoglobin S
(abnormal hemoglobin) and remain asymptomatic under normal conditions, so routine
monitoring or preventive (prophylactic) therapy is not indicated.

. Screen for trait status before pregnancy or genetic counseling for family planning. — why:

If both parents carry sickle cell trait, each child has a 25% chance of sickle cell disease
(HbSS), making preconception counseling essential per ACOG and ACMG guidelines.

. Educate on rare situations that can trigger sickling: extreme dehydration, high altitude,

severe low oxygen (hypoxia), and extreme exertion. — why: Under these stressors, even
trait carriers can experience sickling events such as splenic tissue death from blocked
blood flow (infarction) (death of spleen tissue), rhabdomyolysis (muscle breakdown
releasing myoglobin), or renal papillary tissue death (necrosis) (kidney tissue death).
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