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Abstract: Sickle cell anemia (SCA) is a hereditary blood disorder characterized by 

abnormal hemoglobin production, leading to chronic hemolysis and episodic vaso-

occlusive crises (VOCs). Pregnancy in women with SCA poses significant clinical 

challenges due to the increased physiological demands, which exacerbate hemolysis 

and increase maternal and fetal risks. This review explores the pathophysiology of 

hemolysis in SCA during pregnancy, its clinical implications, and management 

strategies aimed at improving maternal and fetal outcomes. Hemolysis can result in 

severe anemia, acute chest syndrome, increased risk of infections, and adverse fetal 

outcomes, such as intrauterine growth restriction and preterm delivery. Management 

strategies for hemolysis in pregnancy include blood transfusions, pharmacological 

therapies, nutritional supplementation, and emerging treatments like gene therapy. 

Blood transfusions are widely used to mitigate anemia and reduce the number of 

circulating sickled cells, while pharmacological agents such as L-glutamine help 

address oxidative stress. Nutritional support, particularly with folic acid and 

antioxidants, is essential in promoting healthy red blood cell production and mitigating 

oxidative damage. Emerging therapies like gene editing offer promising future 

directions for more effective management of SCA and pregnancy-related hemolysis. 
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INTRODUCTION 
Sickle cell anemia (SCA) is a hereditary 

hemoglobinopathy caused by a mutation in the β-globin 

gene, leading to the production of abnormal hemoglobin 

S (HbS). Under conditions of low oxygen tension, HbS 

polymerizes, causing red blood cells (RBCs) to become 

rigid, sickle-shaped, and prone to destruction. This 

characteristic sickling leads to chronic hemolysis, vaso-

occlusive crises (VOCs), and multi-system 

complications. SCA predominantly affects individuals of 

African, Mediterranean, Middle Eastern, and Indian 

ancestry, with significant prevalence in sub-Saharan 

Africa and among populations of African descent 

globally. Hemolysis, a key pathological feature of SCA, 

presents a unique set of challenges during pregnancy, a 

period characterized by increased oxygen and nutrient 

demands [1-4]. Pregnancy in women with SCA is 

considered high-risk due to the physiological changes 

that exacerbate the underlying complications of the 

disease, particularly hemolysis and anemia. During 

pregnancy, maternal blood volume increases by up to 

50%, and the cardiovascular system undergoes 

significant adaptations to meet the growing oxygen and 

metabolic demands of the fetus. However, in women 

with SCA, the increased demands often overwhelm the 

already compromised oxygen-carrying capacity of the 

sickled RBCs. This leads to accelerated hemolysis, 

further depleting hemoglobin levels and heightening the 

risk of severe maternal and fetal complications [5-7]. 

 

Hemolysis during pregnancy in women with 

SCA not only contributes to worsening anemia but also 

exacerbates systemic inflammation, endothelial 

dysfunction, and oxidative stress. These processes can 

lead to severe maternal complications such as acute chest 

syndrome, thromboembolic events, and infections, 

which are major causes of maternal morbidity and 

mortality in this population. Additionally, the chronic 

hemolytic state increases the risk of obstetric 

complications, including preeclampsia, preterm labor, 

intrauterine growth restriction (IUGR), and stillbirth. 

The delicate balance between managing SCA-related 

hemolysis and ensuring favorable pregnancy outcomes 

requires a tailored and multidisciplinary approach to care 

[8-11]. From a fetal perspective, maternal hemolysis 

during pregnancy can significantly impact placental 

function, leading to inadequate oxygen and nutrient 

delivery. This can result in adverse outcomes such as 

IUGR, low birth weight, and preterm delivery. 
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Furthermore, sickling of RBCs within the placental 

vasculature can cause placental infarctions and reduced 

placental perfusion, which directly compromises fetal 

growth and development. Hence, managing hemolysis in 

SCA pregnancies not only focuses on maternal well-

being but also on safeguarding fetal health through 

timely and appropriate interventions [12, 13]. 

Management of hemolysis in pregnant women with SCA 

involves several strategies aimed at reducing the rate of 

RBC destruction, optimizing oxygen delivery, and 

preventing complications. Blood transfusions are one of 

the most effective interventions for managing severe 

anemia and reducing the proportion of sickled RBCs in 

circulation. However, transfusion therapy is not without 

risks, including iron overload, alloimmunization, and 

increased susceptibility to infections. Other therapeutic 

approaches include pharmacological interventions like 

L-glutamine to reduce oxidative stress, hydration to 

improve blood flow, and folic acid supplementation to 

support erythropoiesis. Newer therapies, such as gene 

editing and hydroxyurea alternatives, hold promise for 

reducing hemolysis in the long term, though their safety 

during pregnancy remains under investigation [14-16]. 

 

Pathophysiology of Hemolysis in Sickle Cell Anemia 

Hemolysis in sickle cell anemia (SCA) is driven 

by the abnormal properties of hemoglobin S (HbS), 

which leads to the characteristic deformation of red 

blood cells (RBCs) and their premature destruction. 

Under conditions of low oxygen tension, HbS 

polymerizes, causing RBCs to adopt a rigid, crescent or 

sickle shape. This structural change reduces the 

flexibility of RBCs, making it difficult for them to pass 

through the microvasculature. Sickled cells are prone to 

hemolysis due to mechanical stress and the intrinsic 

instability of the membrane, leading to chronic hemolytic 

anemia [17, 18]. There are two main types of hemolysis 

in SCA: intravascular and extravascular. Intravascular 

hemolysis occurs when sickled RBCs rupture within the 

bloodstream, releasing free hemoglobin, which depletes 

nitric oxide (NO) and contributes to vasculopathy. Nitric 

oxide is critical for vascular relaxation and smooth 

muscle function, so its depletion results in 

vasoconstriction and endothelial dysfunction, 

exacerbating the clinical manifestations of SCA, such as 

vaso-occlusive crises (VOCs). Extravascular hemolysis, 

on the other hand, occurs when sickled RBCs are 

sequestered and destroyed by macrophages in the spleen 

and liver. This process further reduces RBC lifespan and 

contributes to the chronic anemia seen in SCA [19, 20]. 

 

The continuous cycle of hemolysis in SCA 

triggers a cascade of pathological events that extend 

beyond the destruction of RBCs. Hemolysis releases free 

heme and iron, which are potent sources of oxidative 

stress, further damaging the RBC membrane and 

promoting more hemolysis. The chronic hemolytic state 

leads to systemic inflammation, endothelial injury, and 

activation of the coagulation cascade, increasing the risk 

of thrombotic events. Additionally, the destruction of 

RBCs depletes critical factors such as haptoglobin and 

hemopexin, which normally bind free hemoglobin and 

heme, respectively, to mitigate their harmful effects. This 

depletion further amplifies oxidative stress and 

inflammation, contributing to the multi-organ 

complications seen in SCA, including acute chest 

syndrome, pulmonary hypertension, and renal 

impairment [21, 22]. In pregnancy, the 

pathophysiological consequences of hemolysis are 

magnified due to the increased oxygen demand and 

cardiovascular adaptations that occur to support fetal 

development. The combination of maternal hemolysis 

and the physiological stress of pregnancy poses 

significant risks to both maternal and fetal health [23]. 

 

Clinical Implications of Hemolysis in Pregnancy 

Hemolysis during pregnancy in women with 

SCA significantly impacts maternal and fetal health. 

Maternal complications include an increased risk of 

acute chest syndrome, infections, VOCs, and worsening 

anemia. Acute chest syndrome, a form of acute lung 

injury, is a leading cause of maternal morbidity and 

mortality in SCA. The combination of hemolysis, 

inflammation, and infection during pregnancy increases 

the risk of this life-threatening condition. Moreover, the 

chronic anemia resulting from hemolysis can lead to 

fatigue, reduced exercise tolerance, and cardiovascular 

strain [24]. Fetal complications are also a major concern 

in pregnancies complicated by SCA. Hemolysis and 

anemia impair placental function, leading to inadequate 

oxygen and nutrient delivery to the fetus. This increases 

the risk of intrauterine growth restriction, preterm 

delivery, and low birth weight. Additionally, maternal 

hemolytic crises and VOCs can lead to placental 

insufficiency, which can cause fetal distress and the need 

for early delivery. The combination of maternal and fetal 

risks underscores the importance of proactive 

management and close monitoring throughout 

pregnancy. The interplay between hemolysis and 

pregnancy creates a delicate balance, as both maternal 

and fetal health can be compromised by the underlying 

pathophysiological processes of SCA. Hemolysis not 

only worsens anemia but also contributes to systemic 

inflammation and vascular damage, which can lead to a 

range of complications.  

 

Management Strategies for Hemolysis in Pregnancy 

Managing hemolysis in pregnant women with 

SCA requires a multidisciplinary approach and tailored 

interventions to minimize the risks to both the mother 

and fetus. Blood transfusion therapy is a mainstay of 

treatment, helping to increase hemoglobin levels and 

reduce the proportion of sickled RBCs in circulation. 

Regular transfusions, particularly exchange transfusions, 

can reduce the frequency of VOCs and improve 

oxygenation, thereby mitigating the effects of hemolysis. 

However, transfusion therapy must be carefully managed 

to avoid complications such as iron overload and 
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alloimmunization [21]. Pharmacological interventions 

play a key role in managing hemolysis and its 

complications during pregnancy. Hydroxyurea, a drug 

commonly used to increase fetal hemoglobin (HbF) 

levels, is generally avoided during pregnancy due to 

concerns about teratogenic effects. However, its use in 

select patients is being reconsidered. Other agents, such 

as L-glutamine, which reduces oxidative stress, and 

anticoagulants to prevent thromboembolic events, may 

be employed in managing the inflammatory and vascular 

complications associated with hemolysis. Antioxidant 

therapy and hydration are also important components of 

supportive care to reduce oxidative stress and improve 

blood flow [22]. Nutritional support is essential for 

managing anemia and hemolysis in pregnancy. Pregnant 

women with SCA require increased amounts of folic acid 

to support RBC production and prevent folate deficiency 

anemia. Adequate hydration and a diet rich in 

antioxidants are also crucial in reducing oxidative 

damage and maintaining healthy RBC function. The use 

of iron chelation therapy may be necessary for patients 

receiving frequent blood transfusions to prevent iron 

overload [23]. 

 

Emerging Therapies and Future Directions 

Emerging therapies offer hope for the future 

management of hemolysis in pregnant women with SCA. 

Gene therapy, including CRISPR-Cas9 techniques, aims 

to correct the genetic mutation responsible for SCA, 

potentially providing a curative option. Although gene 

therapy is still in its experimental stages, it has shown 

promise in reducing hemolysis and improving overall 

disease outcomes. L-glutamine therapy, which reduces 

oxidative stress, has been approved for use in SCA 

patients and represents a potential option for managing 

hemolysis during pregnancy, although more studies are 

needed to assess its safety in pregnant women. Other 

promising treatments include P-selectin inhibitors, 

which target the adhesion of sickled RBCs to the 

endothelium, reducing the risk of VOCs and hemolysis. 

These emerging therapies may offer new ways to manage 

the complications of hemolysis and improve maternal 

and fetal outcomes in pregnancies complicated by SCA. 

Continued research into these therapies is essential for 

advancing the care of pregnant women with SCA and 

developing safer and more effective treatment options 

[24]. 

 

CONCLUSION 
Hemolysis in pregnant women with sickle cell 

anemia presents significant clinical challenges that 

require a comprehensive and multidisciplinary approach 

to care. The pathophysiology of hemolysis, characterized 

by both intravascular and extravascular destruction of 

RBCs, leads to chronic anemia, inflammation, and 

vascular complications, all of which are exacerbated 

during pregnancy. Managing hemolysis effectively is 

critical to improving both maternal and fetal outcomes. 

Blood transfusion therapy, pharmacological 

interventions, nutritional support, and emerging 

therapies all play important roles in managing hemolysis 

and its associated complications. Close monitoring of 

maternal and fetal health is essential to detect and 

manage complications early. With ongoing research into 

new treatments, there is hope for improved outcomes and 

safer pregnancies for women with SCA. 
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