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Abstract: Sickle cell anemia (SCA) is a genetic disorder that poses significant
challenges during pregnancy, primarily due to increased hemolysis caused by the
physiological demands of pregnancy. Hemolysis, the destruction of red blood cells,
exacerbates anemia and can lead to severe maternal and fetal complications, including
preterm birth, growth restriction, and increased maternal morbidity. Effective
strategies for coping with hemolysis during pregnancy in SCA are crucial for
improving outcomes for both mother and baby. This review highlights key strategies
for managing hemolysis in pregnant women with SCA, including transfusion therapy,
pharmacological interventions, and nutritional support. Transfusion therapy, especially
exchange transfusions, can effectively reduce the proportion of sickled red cells,
improving oxygen delivery and minimizing hemolysis. Pharmacological interventions
like hydroxyurea, traditionally avoided in pregnancy, are being reconsidered for their
potential benefits, while antioxidant therapy and folic acid supplementation are crucial
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INTRODUCTION

Sickle cell anemia (SCA) is a hereditary blood
disorder that results from a mutation in the $-globin gene,
leading to the production of abnormal hemoglobin S
(HbS). The hallmark of SCA is the sickling of red blood
cells (RBCs), which can cause chronic hemolysis, vaso-
occlusive crises (VOCs), and multi-organ complications.
Hemolysis, or the breakdown of RBCs, is particularly
problematic in pregnant women with SCA due to the
increased physiological demands of pregnancy.
Hemolysis leads to anemia, exacerbates sickling, and
significantly increases the risk of pregnancy
complications, including preeclampsia, intrauterine
growth restriction, and preterm delivery [1-4]. Pregnancy
induces physiological changes that challenge the body’s
ability to manage hemolysis [5]. Blood volume increases
by approximately 50%, oxygen demands rise, and there
is an increased need for adequate red cell production to
support both maternal and fetal needs. In women with
SCA, this additional burden often accelerates hemolysis,
leading to worsened anemia and other complications [6].
Left unmanaged, the consequences of hemolysis in
pregnancy can be severe, leading to maternal morbidity,
poor fetal outcomes, and even maternal mortality [7]. As

such, effective strategies to cope with hemolysis in
pregnant women with SCA are paramount.

The management of hemolysis in pregnancy for
women with SCA requires a multi-pronged approach [8].
Traditional methods include blood transfusions, which
help improve oxygen delivery by increasing hemoglobin
levels and reducing the proportion of sickled cells. While
transfusions are often necessary, they come with risks
such as iron overload and alloimmunization, which need
to be carefully monitored. Advances in pharmacological
management have introduced drugs like hydroxyurea,
which increases fetal hemoglobin (HbF) and reduces
sickling; however, its use during pregnancy has been
controversial due to potential teratogenic effects,
prompting further investigation. Nutritional
interventions are also critical in managing hemolysis in
pregnancy [9]. Folic acid supplementation, for instance,
is vital for supporting increased red blood cell production
and preventing folate deficiency anemia. Antioxidant
therapy is emerging as a promising strategy for reducing
oxidative stress, which is exacerbated by chronic
hemolysis and contributes to further red cell destruction.
Hydration, another key component, helps reduce the risk
of sickling and VOCs by maintaining optimal blood
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viscosity, while oxygen therapy may be necessary in
severe cases of hypoxia during pregnancy or delivery.

Pathophysiology of Hemolysis in Sickle Cell Anemia
Sickle cell anemia (SCA) is a genetic disorder
caused by a point mutation in the B-globin gene, which
leads to the production of abnormal hemoglobin known
as hemoglobin S (HbS). Under normal oxygenation
conditions, HbS behaves like regular hemoglobin;
however, when oxygen levels decrease, HbS
polymerizes, causing red blood cells (RBCs) to assume a
rigid, sickle shape. These sickled RBCs are less flexible,
more fragile, and prone to premature destruction, a
process known as hemolysis. Hemolysis in SCA can be
both intravascular (within the bloodstream) and
extravascular (primarily in the spleen and liver), leading
to a variety of clinical complications [10-13].
Intravascular hemolysis occurs when sickled RBCs
rupture directly within the bloodstream, releasing free
hemoglobin and other cellular contents into the plasma
[14]. The free hemoglobin released during hemolysis can
bind to nitric oxide (NO), a potent vasodilator, reducing
its availability in the circulation. This depletion of NO
leads to vasoconstriction, contributing to complications
such as hypertension and vascular damage. Free
hemoglobin can also induce oxidative stress by
producing reactive oxygen species (ROS), which further
damage RBC membranes and exacerbate hemolysis.
Additionally, the breakdown of heme, a component of
hemoglobin, releases toxic substances like free iron,
further promoting oxidative stress and inflammation.

Extravascular hemolysis, on the other hand,
occurs when sickled RBCs are recognized as abnormal
by the reticuloendothelial system (particularly in the
spleen and liver) and are removed from circulation [15].
The rigid, deformed RBCs cannot pass easily through the
small capillaries of these organs, leading to their
destruction by macrophages. While extravascular
hemolysis is less damaging in terms of oxidative stress,
it contributes to chronic anemia in SCA patients, as the
body struggles to replace the destroyed RBCs quickly
enough to meet the increased demand for oxygen
transport. This chronic hemolytic state results in elevated
levels of bilirubin, leading to jaundice, gallstones, and
other related complications. The constant cycle of RBC
sickling and hemolysis leads to a state of chronic anemia,
which worsens during pregnancy due to the additional
demand for oxygen and blood volume expansion [16].
During pregnancy, women with SCA are at increased
risk for hemolytic crises, where the rate of RBC
destruction overwhelms the body's compensatory
mechanisms [17]. These hemolytic crises not only
exacerbate anemia but also increase the risk of vaso-
occlusive crises (VOCs), which occur when sickled cells
obstruct blood flow in small vessels, leading to tissue
ischemia and pain. Hemolysis in SCA also triggers a
cascade of inflammatory responses. The release of cell-
free hemoglobin, heme, and iron from lysed RBCs

activates the immune system, promoting the release of
pro-inflammatory cytokines and chemokines. These
inflammatory mediators further damage the vascular
endothelium, enhancing the adherence of sickled RBCs
to blood vessel walls, thereby perpetuating VOCs and
increasing the risk of complications such as acute chest
syndrome, stroke, and organ damage.

Strategies for Coping with Hemolysis in Pregnancy
Managing hemolysis during pregnancy in
women with sickle cell anemia (SCA) presents unique
challenges that require a multidisciplinary approach.
Hemolysis, the premature destruction of red blood cells
(RBCs), is a central feature of SCA that worsens during
pregnancy due to increased metabolic demands and
blood volume expansion. To mitigate the harmful effects
of hemolysis, a combination of strategies—including
transfusion therapy, pharmacological interventions,
nutritional support, and emerging treatments—can be
employed to optimize maternal and fetal outcomes.

1. Blood Transfusion Therapy

Blood transfusion is one of the most effective
strategies for coping with hemolysis in pregnant women
with SCA [18]. Regular transfusions help increase
hemoglobin levels, reduce the proportion of sickled
RBCs, and improve oxygen-carrying capacity, thereby
alleviating anemia. Transfusion can be performed as
simple transfusion or exchange transfusion. Exchange
transfusion, in particular, is beneficial because it not only
replenishes the patient’s RBCs but also removes sickled
cells, reducing the risk of vaso-occlusive crises (VOCSs)
and other complications associated with SCA during
pregnancy. However, transfusion therapy comes with
risks, including iron overload, alloimmunization, and
transfusion reactions. Careful monitoring of iron levels
and the use of iron chelation therapy in cases of iron
overload are essential components of managing these
risks.

2. Pharmacological Interventions

Pharmacological management of hemolysis in
pregnant women with SCA has evolved in recent years
[19]. While some drugs like hydroxyurea are typically
avoided during pregnancy due to potential teratogenic
effects, they are being reconsidered for select patients
due to their ability to increase fetal hemoglobin (HbF)
levels and reduce sickling. Hydroxyurea, which
stimulates the production of HbF, can decrease
hemolysis by diluting the concentration of hemoglobin S
(HbS) in RBCs. Though more studies are needed to fully
establish its safety during pregnancy, some data suggest
it may benefit women at high risk of complications.
Additionally, low-dose aspirin and anticoagulants may
be used to prevent thromboembolic events, which are
more common in pregnant women with SCA.
Antioxidants, such as L-glutamine, have also been
explored for their potential to reduce oxidative stress and
RBC damage during hemolysis.
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3. Nutritional Support

Nutritional support plays a critical role in
managing hemolysis and anemia in pregnancy [20].
Pregnant women with SCA require higher levels of folic
acid due to the increased turnover of RBCs [21]. Folic
acid supplementation is essential to support
erythropoiesis and prevent folate deficiency anemia.
Additionally, ensuring adequate hydration is vital to
prevent dehydration, which can exacerbate sickling and
lead to VOCs. Proper hydration helps maintain optimal
blood viscosity and reduce the risk of RBC clumping and
vascular occlusion. A balanced diet rich in antioxidants
(e.g., vitamins C and E) can help reduce oxidative stress,
which is elevated in SCA due to chronic hemolysis. Zinc
supplementation has also been shown to promote RBC
production and reduce the incidence of hemolytic crises
in some patients.

4. Oxygen Therapy and Pain Management

Hypoxia is a significant risk during pregnancy,
as the oxygen demands of both the mother and fetus
increase [22]. Oxygen therapy may be employed during
acute sickle cell crises or in cases of severe anemia to
ensure adequate oxygenation and prevent maternal and
fetal complications. Pain management is another critical
component of care, especially during VOCs. While non-
steroidal anti-inflammatory drugs (NSAIDs) are
generally avoided in pregnancy, opioids and other
analgesics may be used under close supervision to
manage severe pain. However, careful consideration is
necessary to avoid potential risks to the fetus and to
prevent opioid dependence.

5. Emerging Therapies

New therapies are being developed to address
the underlying causes of hemolysis in SCA. Gene
therapy, including techniques such as CRISPR-Cas9, is
a promising area of research that aims to correct the
genetic mutation responsible for sickle cell disease [23].
While gene therapy is still in experimental stages and not
yet widely available, it has the potential to offer a
curative solution by targeting the root cause of
hemolysis. Another emerging therapy, L-glutamine, has
been approved for use in SCA patients and works by
reducing oxidative stress and preventing RBC sickling.
Although its use during pregnancy has not been fully
studied, it represents a potential therapeutic option for
managing hemolysis in the future. Additionally,
therapies that target adhesion molecules on sickled RBCs
and the endothelium, such as P-selectin inhibitors, could
reduce VOCs and hemolysis by decreasing RBC
adhesion and vascular obstruction.

6. Comprehensive Prenatal Care and Monitoring

A multidisciplinary  approach involving
obstetricians, hematologists, and other specialists is
essential for managing pregnant women with SCA.

Frequent prenatal visits, close monitoring of hemoglobin
levels, and regular screening for maternal and fetal
complications are necessary to ensure optimal outcomes.
Fetal growth and development must be closely
monitored through ultrasound, as hemolysis and anemia
can impair placental function and lead to intrauterine
growth restriction. Additionally, early delivery may be
considered in cases of severe maternal or fetal distress,
with the timing of delivery based on the balance of risks
to both mother and baby.

CONCLUSION

Coping with hemolysis during pregnancy in
women with sickle cell anemia (SCA) requires a
comprehensive and multifaceted approach to mitigate the
risks posed to both maternal and fetal health. Hemolysis,
a key feature of SCA, exacerbates the already increased
physiological demands of pregnancy, contributing to
anemia, vaso-occlusive crises (VOCs), and other
complications that endanger the mother and the
developing fetus. To address these challenges, a range of
strategies must be employed, including blood transfusion
therapy, pharmacological interventions, nutritional
support, oxygen therapy, and emerging therapeutic
options.

Blood transfusions remain a cornerstone of
treatment, helping to manage anemia and reduce sickled
red blood cells, while pharmacological advancements
offer potential benefits despite their cautious use in
pregnancy. Nutritional support, particularly through folic
acid supplementation and antioxidants, plays a critical
role in supporting red blood cell production and reducing
oxidative stress. Oxygen therapy and effective pain
management are necessary to address the complications
of VOCs and hypoxia that often arise during pregnancy
in women with SCA. Furthermore, emerging therapies,
such as gene editing and new pharmacological agents,
hold promise for future advancements in treating
hemolysis.
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