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Abstract:

Sickle cell anemia is a genetic disorder affecting the globin chains, causing hemolysis and long-term organ
damage. It is the most common form of sickle cell disease (SCD), marked by lifelong hemolytic anemia, frequent
blood transfusions, pain crises, and organ complications. [1]This overview discusses the disease’s
pathophysiology, symptoms, complications, diagnosis, and treatment, highlighting the vital role of the healthcare
team in patient care.[2]

SCD is a genetic blood disorder where abnormal hemoglobin causes red blood cells to become sickle- or crescent-
shaped. It affects millions worldwide, mostly those of African, Mediterranean, Middle Eastern, and South Asian
descent. The disease arises from a gene mutation that produces hemoglobin S, making red blood cells rigid and
sticky, leading to pain, fatigue, anemia, and increased infection risk.[3] Treatment focuses on symptom control
and preventing complications through pain relief, hydration, and blood transfusions to improve oxygen delivery.
Hydroxyurea, a medication that increases fetal hemoglobin, is commonly used to reduce pain episodes. [4]In
severe cases, bone marrow or stem cell transplants may offer a cure. Understanding these aspects is crucial for
healthcare providers, patients, and families to promote early diagnosis, effective treatment, and better quality of
life.[5]

Sickle cell anemia specifically results from a single mutation where valine replaces glutamine at position 6 of the
S-globin chain, reducing red blood cell solubility and causing polymerization and vessel blockage. [6] The f-
globin gene is on chromosome 11°s short arm. Hemoglobin S forms when two mutant p-globin subunits combine.
Under low oxygen, lack of a polar amino acid at position six causes hemoglobin to polymerize, deforming red
blood cells into sickle shapes and reducing their elasticity.[7] These rigid cells cannot pass easily through
capillaries, causing ischemia and vessel occlusion. The anemia stems from hemolysis, the destruction of these
misshapen cells in the spleen.[8] Chronic anemia affects those with the condition, while individuals with normal
hemoglobin would not survive due to spleen-mediated destruction of the abnormal cells.[9]

I. Introduction:

Although sickle cell disease (SCD) was recognized under various names in Africa, the first case
documented in Western medicine was reported by Herrick in 1910, involving Walter Clement, a dental student
from Grenada. By 1949, Pauling identified sickle cell anemia as the first molecular human disease, and in 1956,
Ingram discovered the specific amino acid substitution in the -globin chain of hemoglobin S (HbS) [10-13].SCD
consists of inherited autosomal recessive disorders caused by mutations in both copies of the f-globin gene (HBB)
alongside the presence of HbS. The disease occurs in two genetic forms: homozygous (sickle cell anemia) and
double heterozygous (co-inheritance of HbS with another HBB mutation). The type of SCD depends on the
inherited genes from both parents, and co-inheritance of different mutations can affect disease severity. The three
common types are HbSS (sickle cell anemia), HbSC, and HbS p-thalassemia (HbS BO or HbS p+
thalassemia)[14].The disease pathology involves four main mechanisms: HbS polymerization, vaso-occlusion,
endothelial dysfunction, and sterile inflammation. Polymerization of HbS inside red blood cells (RBCs) makes
them rigid, less flexible, and fragile. Sickled RBCs live less than 20 days, compared to normal RBCs' 120 days,
leading to chronic hemolytic anemia that can be severe and life-threatening[15]. These abnormal cells cause vaso-
occlusion, with vaso-occlusive crisis (VOC) being the hallmark symptom and the leading cause of hospital visits
among SCD patients. SCD causes various acute and chronic complications such as pain crises, delayed growth
and puberty, infections, pregnancy complications, priapism, fatigue, osteonecrosis, dactylitis, kidney disease,
pulmonary hypertension, splenomegaly, stroke, silent brain infarcts, acute chest syndrome, and multi-organ
failure.[16]

Sickle cell disease affects about 100,000 people in the United States and over 3 million worldwide. It is
characterized by chronic hemolytic anemia, severe acute and chronic pain, and progressive organ damage
throughout life.[17]. The disease is linked to premature mortality, with a median age of death of 43 years (IQR
31.5-55 years)[18]Effective management requires early diagnosis, prevention of complications, and treatment of
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organ damage. This review discusses recent advances in diagnosing and managing four major SCD complications:
acute and chronic pain, cardiopulmonary disease, central nervous system disease, and kidney disease. It also
highlights new developments in disease-modifying and potentially curative treatments.[19].

Pathophysiology:

Sickle Cell Anemia (SCA) mainly involves two key processes: Hemolysis and Vaso-Occlusive Crisis
(VOC). A mutation in the beta-globin gene causes sickle cell hemoglobin (HbS) to form rigid, elongated polymers
when deoxygenated. Initially, sickle cells alternate between a normal biconcave shape and an abnormal sickle
shape under low oxygen, but eventually these changes become permanent, increasing risks of hemolysis and VOC.
All sickle cell disease (SCD) types share this HbS polymerization process.

Deoxygenated sickle cells cause vascular occlusion, leading to local oxygen deprivation, tissue damage,
and inflammation. Though caused by a single gene mutation, SCD triggers complex physiological effects resulting
in symptoms such as inflammation, coagulation, oxidative stress, impaired arginine metabolism, anemia, and
hemolysis. SCD is also an angiopathy associated with nutrient deficiencies that worsen patient health.[20]

The insoluble sickled hemoglobin polymerizes into tubulin fibers, making red cells rigid and prone to
getting trapped in small blood vessels. This blockage deprives tissues of blood and oxygen, causing ischemic
injury or cell death. Abnormalities in ion channels cause these cells to lose water and become dehydrated. They
also show disrupted intracellular signaling, low nitric oxide and ATP levels, and reduced antioxidant capacity,
leading to oxidative damage.

Oxidative stress damages cell membrane proteins, causing phosphatidylserine exposure and
microparticle formation, which promote blood clotting.[21,22] During hemolysis, free hemoglobin released into
plasma scavenges nitric oxide, and sickle cells have lower arginase 1 activity, limiting nitric oxide production,
especially in individuals with high hemolysis rates. Hemolysis also generates reactive oxygen species, furthering
cell damage.

Additionally, sickle cells experience microRNA dysregulation affecting gene expression during red
blood cell formation[23]. Their abnormal stickiness activates adhesive receptors, and sickle hemoglobin-
containing cells remain less flexible even when regaining a normal shape. Morphologically normal sickle cells
also tend to adhere like permanently sickled cells.
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Sickle Cell Disease Symptoms

Symptoms typically begin after six months of age and vary depending on the severity of the hemoglobin
gene mutation, which differs by ethnicity or geographic region. For example, sickle cell variants in Africa tend to
be more severe than those in some Indian populations. Common triggers include dehydration, low oxygen levels,
oxidative stress, and acute illness causing blood acidosis. These triggers cause sickle hemoglobin to polymerize,
changing red blood cells (RBCs) into a sickle (half-moon) shape, a process called "sickling." Symptoms depend
on the amount of sickle hemoglobin present.

Major acute symptoms include:
e Anemia: Caused by destruction of misshapen sickle RBCs, leading to low hemoglobin and jaundice.
Chronic RBC destruction can cause gallstones due to hemoglobin waste buildup.
e Vaso-occlusive (Pain) Crisis: Repeated pain episodes result from blockage of small blood vessels by
inflexible sickle cells, leading to pain and tissue ischemia. Commonly affects hands and feet (dactylitis),
causing swelling and pain.
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Infections: Frequent fevers arise from infections often affecting the lungs, bones, and bloodstream. The
spleen, rich in small blood vessels, becomes damaged as sickle cells block vessels, weakening immune
defenses and increasing infection risk.

Stroke: Blockage of brain vessels can cause strokes with symptoms like seizures, limb weakness or
numbness, speech difficulties, and unconsciousness.

Acute Chest Syndrome (ACS): The leading cause of death in SCD, presenting with cough,
breathlessness, and sometimes fever (which may indicate pneumonia)

Chronic complications include:

Iron overload: From repeated blood transfusions, iron builds up in organs such as the heart, lungs, and
glands, impairing their function.

Avascular necrosis: Blocked blood flow in bone capillaries, often in hips, causes bone death, pain, and
disability.

Leg ulcers: Typically on ankles, worsened by severe anemia, infections, and trauma.

Pulmonary artery hypertension: Causes breathlessness on exertion and leg swelling.

Chronic kidney disease: Occurs in about 30% of adults with SCD due to repeated blood vessel
blockages in kidneys.

Sickle retinopathy: Repeated retinal vessel blockages cause new fragile blood vessels to form and bleed,
affecting vision.

Diagnosis

Suspected in children based on symptoms and family history, confirmed by blood tests such as complete blood
count, peripheral smear (showing sickle cells), and high-performance liquid chromatography (HPLC) for sickle
hemoglobin detection. Newborn screening identifies SCA early in high-income countries.

Treatment

Hematopoietic Stem Cell Transplant (HSCT/BMT): The only cure by replacing defective stem cells.
Gene therapy is experimental and not widely available, so BMT is the main curative option in India, with
cure rates of 80-90%][24].

Supportive care: Includes oxygen for low oxygen levels, hydration to prevent sickling, pain
management with NSAIDs and opioids, prompt antibiotic treatment for fever due to immune deficiency,
and blood transfusions to reduce sickle hemoglobin during anemia or complications.

Hydroxyurea: An oral medication that increases fetal hemoglobin to reduce sickle hemoglobin,
lowering complication frequency. Recommended for infants older than 9 months, children, and
adolescents, with regular blood monitoring.

Newer drugs: Voxelotor (oral) and Crizanlizumab (injectable) show promise but are costly and less
available in India.[25,26]

Preventive care: Includes prophylactic antibiotics (e.g., penicillin) and vaccinations against infections
like pneumococcus, meningococcus, and H. influenza.

Patients experiencing pain, fever, cough, breathing problems, sudden weakness, or numbness should seek
immediate medical attention. Adequate hydration, vaccinations, and preventive antibiotics are essential to avoid
complications. For frequent or severe symptoms, BMT offers a long-term cure.
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Fig 2: Treatment and Management of Sickle Cell Anemia.
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Complication-specific treatments

Antibiotics:

Prophylactic antibiotics like penicillin are commonly given to children with SCD to prevent infections,
particularly those caused by Streptococcus pneumoniae. Vaccinations against common bacterial infections such
as pneumococcus and meningococcus are also advised.

Transfusion therapy:

Regular blood transfusions may be recommended for patients experiencing complications like stroke or recurrent
ACA. Transfusions help reduce these risks by lowering the proportion of sickled cells and improving the blood’s
oxygen-carrying capacity.[27]

Pulmonary hypertension management:

For SCD patients with pulmonary hypertension, targeted treatments including endothelin receptor antagonists,
phosphodiesterase-5 inhibitors, and prostacyclin analogs may be used to ease symptoms and slow disease
progression.[28]

Psychosocial Issues

Recent understanding of the psychosocial adjustment in patients with sickle cell disease has reached a level that
allows for targeted intervention [29]. Although most patients adapt well, the disease is linked to increased risks of
depression, low self-esteem, social isolation, strained family relationships, and withdrawal from everyday
activities [30, 31]. Those who adjust well typically use active coping strategies and receive strong support from
their family and extended family networks, which are common in African-American communities [32].
Intervention efforts should focus on recognizing and building individual strengths, addressing problematic
behaviors, and developing coping skills by reframing pain, shifting attention away from pain, and leveraging
support systems.

Mangement of Sickle Cell Anemia:

Medical Management

Medications: Treatment for sickle cell disease often focuses on managing pain and anemia symptoms, which may
involve rest, intravenous fluids, and pain relief medications. Hydroxyurea is a commonly prescribed drug that
boosts hemoglobin production and reduces the frequency of acute episodes. It also increases the water content in
red blood cells and improves the flexibility of sickled cells, helping them pass more easily through small blood
vessels. Clinical trials have shown that hydroxyurea lowers the number of painful crises, hospital stays,
occurrences of acute chest syndrome, and the need for blood transfusions.

Medical interventions are also necessary to handle various systemic complications of the disease. For instance,
blood transfusions treat conditions like acute stroke or acute chest syndrome related to sickle cell disease[33].
Treatments such as hydroxyurea, vasodilators, and anticoagulants are used for pulmonary hypertension in these
patients.

Research has explored using fetal hemoglobin to treat sickle cell disease. Introducing normal hemoglobin helps
prevent red blood cells from sickling and reduces painful episodes later in life.[34]

Genetic Counseling: Couples who may carry the sickle cell trait can access genetic counseling. Counselors
provide information about the chances of having a child with sickle cell disease or trait and discuss different
options available.[35]

Bone Marrow Transplant: Bone marrow transplantation is a successful cure for sickle cell disease, allowing the
body to produce normal red blood cells. Improvements in neurological and lung function have been observed after
the transplant. Since its first use in 1984, studies show that 78% of patients remained disease-free four years post-
transplant. However, this treatment is not accessible to all due to risks like donor rejection or graft-versus-host
disease. New methods, such as using a "facilitating cell" during transplant (developed by Dr. Suzanne Ildstad at
the University of Louisville), are being researched to reduce these risks and improve transplant success.

Avoiding adverse climatic conditions: The most common trigger for painful crises is exposure to cold. Educating
patients about the importance of staying warm, especially during cold, wet seasons and at night, along with
wearing appropriate clothing, can help reduce the risk.

Hydration: Dehydration and increased blood concentration can lead to painful crises in some patients.
Maintaining proper hydration is crucial, particularly during fever or in hot climates where fluid loss is higher.
Oxygen: Oxygen therapy is often recommended during acute complications. Patients with sickle cell disease
typically have lower arterial oxygen levels, which can worsen during illnesses like acute chest syndrome.
Providing high levels of oxygen in these cases is beneficial.[36]

Education: Two key areas of education are essential for children with sickle cell disease: understanding their
condition and continuing formal education. Being informed about the disease helps patients manage it better and
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handle mild painful episodes at home with reassurance and support. Teaching the importance of wearing shoes
and socks may also help reduce the risk of trauma-related leg ulcers.[37]

II.  Conclusion:

Sickle cell anemia is a serious inherited hemoglobin disorder caused by a mutation in the $-globin gene,
resulting in the formation of abnormal hemoglobin S and sickling of red blood cells. The disease is characterized
by chronic hemolytic anemia, recurrent vaso-occlusive crises, inflammation, and progressive multi-organ damage,
leading to significant morbidity and reduced life expectancy. Clinical manifestations range from painful crises,
infections, acute chest syndrome, and stroke to long-term complications affecting the kidneys, lungs, bones, eyes,
and cardiovascular system.

Advances in understanding the molecular and pathophysiological mechanisms of sickle cell disease have
improved diagnostic approaches and treatment strategies. Early diagnosis through newborn screening and
laboratory investigations, combined with comprehensive management involving hydroxyurea therapy, blood
transfusions, infection prevention, pain control, and supportive care, has significantly enhanced patient outcomes.
Hematopoietic stem cell transplantation remains the only established curative treatment, while emerging therapies
such as gene therapy and novel disease-modifying agents offer promising future prospects.

In addition to medical management, psychosocial support, genetic counseling, patient education,
adequate hydration, and preventive healthcare measures play crucial roles in improving quality of life and
reducing disease-related complications. A multidisciplinary approach involving healthcare professionals, patients,
families, and community support systems is essential for effective disease management. Continued research and
improved access to advanced therapies are vital to reducing the global burden of sickle cell anemia and achieving
better long-term outcomes for affected individuals
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