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Abstract 
 
Sickle cell trait (SCT), historically considered a benign genetic condition, is increasingly recognized as a contributor 
to various thromboembolic complications, including those involving the heart. While SCT carriers typically do not 
experience the severe vaso-occlusive crises seen in sickle cell disease, emerging data suggest a subtle prothrombotic 
state that may predispose them to cardiac thromboembolism under certain physiological or environmental stressors. 
This association is particularly relevant in populations with a high prevalence of SCT, such as individuals of African 
or Mediterranean descent. Cardiac thromboembolism in SCT is believed to result from intermittent red blood cell 
sickling, endothelial activation, and hypercoagulability, especially under conditions such as hypoxia, dehydration, and 
strenuous exertion. Additional risk factors include comorbid conditions like hypertension and diabetes, genetic 
modifiers of coagulation, and lifestyle factors such as hormonal therapy or high-altitude exposure. Although clinical 
evidence remains limited, case reports and epidemiological studies point to a higher incidence of thromboembolic 
events, including ischemic stroke and pulmonary embolism, in SCT carriers. Effective prevention requires a  
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comprehensive approach that includes risk stratification, lifestyle modification, and selective pharmacologic 
intervention in high-risk settings. Public health awareness, patient education, and tailored clinical surveillance are 
essential to mitigate the cardiovascular risks associated with SCT. Further research is warranted to establish formal 
guidelines for identifying and managing thromboembolic risk in this often-overlooked population. 
 
Keywords: Sickle Cell Trait, Cardiac Thromboembolism, Hypercoagulability, Cardiovascular Risk, Preventive 
Strategies 
 
 

Introduction 
 
Sickle cell disease (SCD) is a well-characterized 
hemoglobinopathy with recognized systemic 
complications, particularly related to vaso-
occlusion and thrombosis. In contrast, sickle cell 
trait (SCT)—the heterozygous carrier state of the 
sickle hemoglobin (HbS) gene—has long been 
considered clinically benign. However, a growing 
body of evidence challenges this assumption, 
revealing that SCT may confer increased 
susceptibility to thromboembolic events under 
specific environmental or physiological stressors. 
Among these, cardiac thromboembolism 
represents an underexplored yet potentially 
significant clinical concern [1].SCT affects 
millions of individuals worldwide, particularly in 
sub-Saharan Africa, the Mediterranean, the 
Middle East, and parts of India. As global 
migration increases, so too does the geographic 
distribution of SCT, highlighting the importance 
of a broader understanding of its clinical 
implications. While SCT is often asymptomatic, 
its role in vascular dysfunction, 
hypercoagulability, and end-organ damage is 
gaining attention in clinical research. The 
cardiovascular system, and particularly the heart, 
appears to be a vulnerable target in specific high-
risk SCT populations [2]. 
 
The pathophysiological mechanisms linking SCT 
to thromboembolic phenomena are multifactorial. 
Unlike individuals with SCD who experience 
chronic hemolysis and consistent red blood cell 
(RBC) sickling, SCT carriers exhibit occasional 
sickling under conditions of hypoxia, acidosis, 
dehydration, or extreme exertion. These episodes 
can lead to transient vascular occlusion, 
endothelial injury, and local activation of the 
coagulation cascade. Over time or under repeated 

stress, these processes may promote the 
development of thrombi within the cardiac 
chambers or vasculature, potentially resulting in 
embolic events [3-4].Clinical scenarios such as 
sudden cardiac death during strenuous exercise in 
young athletes with SCT have fueled 
investigations into the broader cardiovascular 
risks in this population. Although direct 
associations between SCT and cardiac 
thromboembolism remain under-investigated, 
parallels drawn from studies on venous 
thromboembolism (VTE), pulmonary embolism, 
and cerebrovascular accidents suggest that the 
heart may also be at risk. Furthermore, comorbid 
conditions like obesity, hypertension, atrial 
fibrillation, or structural cardiac abnormalities 
may amplify the underlying thrombotic 
tendencies in SCT [5-6]. 
 
Risk stratification in SCT individuals is 
complicated by the absence of overt symptoms 
and the lack of standardized screening protocols. 
In many cases, SCT carriers are unaware of their 
genotype, making prevention and early 
intervention more challenging. Nonetheless, 
identifying coexisting risk factors—whether 
genetic, environmental, or behavioral—can 
facilitate targeted surveillance and management. 
Athletes, pregnant women, perioperative patients, 
and individuals exposed to high altitudes 
represent populations in whom this risk may be 
heightened [7-8].In light of these concerns, 
developing comprehensive prevention strategies 
becomes imperative. While routine 
anticoagulation is not currently recommended for 
SCT individuals without other indications, 
personalized preventive approaches—ranging 
from lifestyle counseling to perioperative 
thromboprophylaxis—may significantly reduce 
thromboembolic risk. Patient education and  
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genetic counseling are equally essential, ensuring 
that individuals with SCT are informed of 
potential complications and how to mitigate them 
[9-10].This review aims to synthesize current 
evidence on the association between SCT and 
cardiac thromboembolism, with a focus on 
underlying mechanisms, identifiable risk factors, 
and pragmatic prevention strategies. 
 
Aim 
 
This review aims to comprehensively examine the 
current understanding of cardiac 
thromboembolism in individuals with sickle cell 
trait (SCT), focusing on the underlying 
pathophysiological mechanisms, epidemiology, 
identified risk factors, and evidence-based 
prevention strategies. 
 
Epidemiology of Cardiac Thromboembolism in 
Sickle Cell Trait 
 
Sickle cell trait (SCT) is one of the most common 
hemoglobinopathies worldwide, with an estimated 
global carrier frequency of approximately 7–9%, 
and significantly higher prevalence in sub-
Saharan Africa, the Middle East, India, and 
among individuals of African, Mediterranean, or 
Caribbean descent. In the United States, SCT 
affects about 8–10% of African Americans. 
Despite its prevalence, the epidemiological 
characterization of thromboembolic 
complications—particularly those of cardiac 
origin—in SCT individuals remains limited due to 
underdiagnosis, lack of routine screening, and the 
misconception that SCT is entirely benign 
[11].Large population-based studies have 
primarily focused on systemic thromboembolism. 
For instance, data from the Atherosclerosis Risk 
in Communities (ARIC) study and other 
longitudinal cohorts have demonstrated a 1.5–2.0-
fold increased risk of venous thromboembolism 
(VTE) in individuals with SCT compared to those 
without. Pulmonary embolism and ischemic 
stroke have also been observed with increased 
frequency, particularly in younger SCT carriers. 
Although these events are not exclusively cardiac 
in origin, they suggest a systemic prothrombotic 
phenotype that may predispose to  

 
thromboembolic complications involving the 
heart [12]. 
 
In terms of direct cardiac involvement, 
epidemiological data are sparse but growing. 
Retrospective studies and registry analyses have 
documented cases of sudden cardiac death 
(SCD), myocardial infarction, and unexplained 
cardiac arrest in SCT individuals, particularly 
among athletes and military personnel. These 
findings prompted investigations into possible 
links between SCT and underlying cardiac 
thromboembolic mechanisms, especially in high-
exertion environments. A 2016 report from the 
National Collegiate Athletic Association (NCAA) 
revealed a significantly increased risk of SCD in 
athletes with SCT, with the most plausible 
mechanisms involving exertional sickling, 
arrhythmia, and myocardial ischemia potentially 
complicated by thromboembolism 
[13].Geographic and demographic disparities 
further complicate the epidemiological 
understanding. In resource-limited settings, such 
as sub-Saharan Africa, where SCT is most 
prevalent, systematic cardiovascular monitoring is 
infrequent, and thromboembolic complications 
are often misclassified or underreported. 
Additionally, the overlapping burden of infectious 
diseases, pregnancy-related complications, and 
poor access to diagnostic imaging may obscure 
the true incidence of cardiac thromboembolic 
events in SCT populations [14-15].Age and sex 
also influence epidemiological patterns. Younger 
SCT individuals, particularly males engaged in 
strenuous physical activity, appear to be at higher 
risk for sudden cardiac events. In contrast, women 
with SCT may face increased thrombotic risk 
during pregnancy and the postpartum period, 
suggesting a need for age- and sex-specific 
surveillance strategies. Moreover, coexistent risk 
factors such as obesity, hypertension, diabetes, 
and inherited thrombophilias may compound 
thrombotic risk in older SCT individuals, though 
robust epidemiologic quantification of this 
intersection remains limited [16-17]. 
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Pathophysiology of Thrombosis in Sickle Cell 
Trait 
 
Although sickle cell trait (SCT) is characterized 
by the presence of only one mutated β-globin 
gene (HbAS), it is not entirely benign from a 
hematologic and vascular standpoint. The 
pathophysiology of thrombosis in SCT is 
multifactorial, involving a combination of 
intermittent red cell sickling, endothelial 
dysfunction, platelet activation, and 
hypercoagulability. These mechanisms, while 
typically subclinical under normal physiological 
conditions, may become clinically significant 
under specific stressors such as hypoxia, 
dehydration, acidosis, infection, or vigorous 
physical exertion [18].Red blood cells in 
individuals with SCT generally maintain normal 
shape and flexibility under physiological oxygen 
tension. However, under hypoxic or acidotic 
conditions, hemoglobin Scan polymerize within 
erythrocytes, leading to transient sickling and 
reduced deformability. These sickled cells can 
obstruct microcirculation, especially in low-flow 
or hypoxic tissues, initiating localized endothelial 
injury and promoting a prothrombotic 
environment. Although the sickling is less severe 
than in sickle cell disease (SCD), repeated or 
prolonged exposure to triggering conditions can 
result in significant microvascular 
dysfunction[19]. 
 

Endothelial activation is another key contributor. 
Damaged or stressed endothelial cells express 
adhesion molecules such as VCAM-1, ICAM-1, 
and selectins, which promote the adherence of 
sickled erythrocytes, leukocytes, and platelets. 
This interaction not only slows blood flow but 
also amplifies inflammation and coagulation 
signaling cascades. SCT carriers have been shown 
to exhibit elevated levels of circulating 
endothelial microparticles, D-dimer, and 
thrombin-antithrombin complexes—markers 
indicative of subclinical coagulation activation 
[20].Additionally, SCT has been associated with 
increased platelet reactivity and pro-inflammatory 
cytokine expression. These factors can synergize 
with endothelial dysfunction to facilitate 
thrombus formation, particularly within the 
venous and cardiac circulations. While full-blown 
vaso-occlusive crises are rare in SCT, the 
presence of a "silent" hypercoagulable state 
underlies the increased risk for thromboembolic 
complications observed in clinical and 
epidemiological studies [21-22].Importantly, 
other genetic and acquired factors can modulate 
the thrombotic risk in SCT. Coinheritance of 
thrombophilic mutations such as factor V Leiden 
or prothrombin gene mutations may exacerbate 
the procoagulant tendency. Similarly, comorbid 
conditions like hypertension, obesity, or chronic 
kidney disease may act synergistically to heighten 
vascular injury and thrombosis risk (Figure 1) 
[23]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



       Int. J. Curr. Res. Chem. Pharm. Sci. (2026). 13(6): 39-54 

© 2026, IJCRCPS. All Rights Reserved                           43 

 

 

 
 
Figure 1. Pathophysiology of Thrombosis in Sickle Cell Trait 
 
Risk Factors for Cardiac Thromboembolism in 
Sickle Cell Trait 
 
While sickle cell trait (SCT) is generally 
asymptomatic under normal physiological 
conditions, a growing body of evidence suggests 
that certain risk factors can unmask a latent 
prothrombotic state, particularly predisposing 
individuals to cardiac thromboembolism. These 
risk factors can be categorized into 
environmental, physiological, genetic, and 
comorbid contributors that collectively influence 
thrombotic susceptibility in SCT carriers (Table 
1) [24]. 
 
1. Hypoxia and Physical Exertion: 
 
Hypoxia is one of the most potent triggers of 
erythrocyte sickling in SCT. Environments that 
lower oxygen saturation—such as high altitudes, 
air travel, or obstructive sleep apnea—can 
precipitate sickling events even in individuals 
with only one HbS allele. Vigorous physical 
exertion, particularly in athletes or military  

recruits, has been linked to exercise-induced 
sudden cardiac death in SCT, often due to 
microvascular occlusion or arrhythmia secondary 
to myocardial ischemia. Dehydration and lactic 
acidosis, common during strenuous activity, 
further enhance the risk by promoting red cell 
sickling and endothelial injury [25]. 
 
2. Comorbid Cardiovascular Conditions: 
 
The coexistence of cardiovascular risk factors 
such as hypertension, diabetes mellitus, 
dyslipidemia, and obesity can exacerbate 
endothelial dysfunction and vascular 
inflammation. These comorbidities enhance 
platelet activation and contribute to the 
development of atherosclerosis, increasing the 
propensity for intracardiac thrombus formation or 
embolic events. In patients with structural heart 
disease or atrial fibrillation, SCT may further 
increase the likelihood of cardiac 
thromboembolism due to additive prothrombotic 
effects [26-27]. 
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3. Genetic Thrombophilias and Hemostatic 
Imbalance: 
 
Inherited thrombophilic mutations such as factor 
V Leiden, prothrombin G20210A, or deficiencies 
in antithrombin, protein C, or protein S can 
significantly heighten thrombotic risk in SCT 
individuals. Although the sickling in SCT is 
generally less severe than in sickle cell disease 
(SCD), the presence of these procoagulant 
mutations may act synergistically to produce 
clinically significant thrombosis, including 
embolic events originating in the cardiac 
chambers [28-29]. 
 
4. Hormonal Influences and Pregnancy: 
 
Estrogen-containing oral contraceptives and 
hormone replacement therapy are known to 
increase the risk of venous and arterial 
thrombosis. In SCT carriers, these agents may tip 
the balance toward a hypercoagulable state, 
particularly in women with other risk factors. 
Similarly, pregnancy and the postpartum period 
are physiologically prothrombotic states that may 
unveil latent risks in SCT, potentially leading to 

myocardial infarction or stroke due to 
thromboembolism [30-31]. 
 
5. Surgical and Perioperative Risk: 
 
Surgical procedures—especially those involving 
cardiopulmonary bypass, orthopedic intervention, 
or prolonged immobilization—can promote 
coagulation activation and venous stasis. In SCT 
individuals, perioperative stress, hypoxia, and 
systemic inflammation can lead to increased red 
cell sickling and thrombus formation, particularly 
in the left atrium or ventricle in patients with 
existing cardiac pathology [32]. 
 
6. Infections and Inflammation: 
 
Acute infections, particularly respiratory or 
systemic infections that induce hypoxemia or 
cytokine release, may transiently elevate 
thrombotic risk in SCT. Inflammatory mediators 
can stimulate endothelial activation, increase 
tissue factor expression, and promote platelet 
aggregation, all of which predispose to 
thromboembolic complications, including those 
affecting the heart [33]. 

 
Table 1. Risk Factors for Cardiac Thromboembolism in Sickle Cell Trait 
 
Risk Factor Category Specific Risk Factors Mechanism 

Contributing to Cardiac 
Thromboembolism 

Clinical Implications 

Genetic/Hematologic 
Factors 

Sickle cell trait (HbAS), 
elevated HbS proportion, 
inherited thrombophilias 
(e.g., Factor V Leiden, 
Prothrombin G20210A 
mutation), Protein C or 
Protein S deficiency 

Intermittent erythrocyte 
sickling, increased blood 
viscosity, 
hypercoagulability, 
impaired anticoagulant 
pathways 

Increased susceptibility 
to intracardiac thrombus 
formation, particularly 
when additional risk 
factors are present 

Cardiac Disorders Atrial fibrillation, atrial 
flutter, heart failure, 
dilated cardiomyopathy, 
left ventricular aneurysm 
after myocardial 
infarction, valvular heart 
disease, prosthetic heart 
valves 
 
 

Blood stasis within 
cardiac chambers, 
endothelial injury, 
activation of coagulation 
cascade 

Formation of left atrial or 
left ventricular thrombi 
with risk of systemic 
embolization 
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Vascular and 
Metabolic Conditions 

Hypertension, diabetes 
mellitus, dyslipidemia, 
obesity, metabolic 
syndrome, chronic kidney 
disease 

Endothelial dysfunction, 
chronic inflammation, 
accelerated 
atherosclerosis 

Increased risk of arterial 
thrombosis and 
cardioembolic events 

Inflammatory and 
Infectious Conditions 

COVID-19, sepsis, 
pneumonia, autoimmune 
diseases, chronic 
inflammatory disorders 

Cytokine-mediated 
endothelial activation, 
platelet activation, tissue 
factor expression, 
hypercoagulability 

Enhanced thrombus 
formation and embolic 
complications 

Environmental and 
Physiological 
Triggers 

Dehydration, hypoxia, 
high-altitude exposure, 
heat stress, strenuous 
exercise, acidosis 

Increased HbS 
polymerization, 
erythrocyte dehydration, 
intermittent sickling, 
increased blood viscosity 

Acute increase in 
thrombotic risk, 
particularly during 
extreme environmental 
exposure 

Hospitalization and 
Surgical Factors 

Major surgery, trauma, 
prolonged 
immobilization, intensive 
care admission, central 
venous catheterization 

Venous stasis, endothelial 
injury, inflammatory 
activation 

Increased risk of venous 
thrombosis with potential 
cardiac embolic 
complications 

Pregnancy and 
Hormonal Factors 

Pregnancy, postpartum 
period, estrogen-
containing 
contraceptives, hormone 
replacement therapy 

Physiological 
hypercoagulability, 
reduced venous return, 
endothelial activation 

Increased maternal 
thromboembolic risk 
requiring individualized 
thromboprophylaxis 

Lifestyle Factors Cigarette smoking, 
excessive alcohol intake, 
physical inactivity, poor 
hydration 

Oxidative stress, 
endothelial dysfunction, 
increased platelet 
aggregation, blood stasis 

Potentiates thrombosis 
and adverse 
cardiovascular outcomes 

Malignancy Solid tumors, 
hematologic 
malignancies, 
chemotherapy 

Cancer-associated 
hypercoagulability, tissue 
factor release, 
inflammatory activation 

Increased incidence of 
venous and arterial 
thromboembolism 

Advanced Age and 
Comorbidities 

Older age, frailty, 
multiple cardiovascular 
comorbidities 

Age-related endothelial 
dysfunction, reduced 
fibrinolysis, cumulative 
vascular injury 

Higher probability of 
cardiac thrombus 
formation and embolic 
stroke 

Abbreviations:HbAS = heterozygous sickle hemoglobin (sickle cell trait); HbS = sickle hemoglobin; 
COVID-19 = Coronavirus Disease 2019. 
 
Clinical Evidence of Cardiac 
Thromboembolism in Sickle Cell Trait 
 
While the association between sickle cell trait 
(SCT) and systemic thromboembolic events has 
gained increasing recognition, clinical evidence 
specifically linking SCT to 
cardiacthromboembolism remains relatively 
limited but compelling. Much of the available 

data stems from case reports, retrospective cohort 
studies, and epidemiological analyses, which 
together suggest an underappreciated 
cardiovascular risk in SCT carriers [34].Early 
observational studies indicated an increased 
incidence of venous thromboembolism (VTE) in 
SCT individuals, with some investigations 
showing a 1.5 to 2-fold higher risk compared to 
non-carriers. Although these studies primarily  
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addressed deep vein thrombosis and pulmonary 
embolism, they laid the groundwork for broader 
investigations into arterial thrombotic 
complications, including those involving the 
heart. Subsequent research began to report an 
elevated risk of ischemicstroke and 
myocardialinfarction in SCT populations, 
particularly among African Americans and 
military personnel. Notably, in a large prospective 
cohort of African American individuals, SCT was 
independently associated with a significantly 
increased risk of ischemic stroke, suggesting 
systemic thrombotic activity with possible cardiac 
involvement [35]. 
 
Cases of sudden cardiac death (SCD) in young 
athletes and military recruits with SCT have 
drawn significant attention. Autopsy reports in 
these cases have revealed microvascular 
occlusions and myocardial infarction, implicating 
thrombosis and ischemia as potential 
mechanisms. While the precise role of 
thromboembolism from cardiac sources (e.g., 
mural thrombi, left atrial appendage) in these 
events is difficult to determine post-mortem, the 
clinical overlap raises concerns about a possible 

link between SCT and cardiac-origin embolic 
events, especially in individuals exposed to 
extreme physical stress or hypoxia [36].In patients 
undergoing surgical procedures or experiencing 
systemic infections, isolated reports have 
documented cardiac emboli and myocardial 
infarction in SCT carriers with no pre-existing 
cardiovascular disease. These observations 
suggest that SCT may act as a latent 
prothrombotic condition that becomes clinically 
significant under secondary insults. Further, in 
populations with other thrombophilic risk factors 
or comorbidities, SCT appears to contribute 
additively to thrombotic burden, though 
distinguishing its independent effect remains a 
challenge in polyfactorial settings [37].Emerging 
imaging studies using echocardiography and 
cardiac MRI have revealed subclinical 
myocardial ischemia, diastolic dysfunction, and 
fibrosis in SCT individuals, particularly in older 
adults or those with comorbid hypertension. 
While these findings are not direct evidence of 
thromboembolism, they may reflect recurrent 
microvascular occlusions and ischemic injury, 
potentially resulting from repeated subclinical 
thrombotic events(Table 2) [38]. 

 
Table 2. Clinical Evidence of Cardiac Thromboembolism in Sickle Cell Trait 
 
Study Design Study Population Major Findings Clinical Significance 
Case–control 
study 

African American 
adults with and without 
sickle cell trait 

SCT was associated with an 
increased risk of venous 
thromboembolism, particularly 
pulmonary embolism. 

First major study 
suggesting SCT is a 
clinically relevant 
prothrombotic condition. 

Prospective 
cohort study 

Atherosclerosis Risk in 
Communities (ARIC) 
participants 

SCT carriers had a significantly 
higher incidence of pulmonary 
embolism than non-carriers, 
while the increase in isolated 
deep vein thrombosis was less 
pronounced. 

Demonstrated that SCT 
preferentially increases the 
risk of pulmonary 
thromboembolism. 

Prospective 
population-
based cohort 

Adults with SCT from 
ARIC and CHS cohorts 

Confirmed an elevated risk of 
venous thromboembolism among 
individuals with SCT, 
particularly pulmonary 
embolism. 

Strengthened 
epidemiological evidence 
linking SCT with 
thromboembolic disease. 

Systematic 
review and 
meta-analysis 

Multiple observational 
studies 

SCT was associated with a 
modest but significant increase in 
venous thromboembolism risk 
compared with individuals 

Provided pooled evidence 
supporting SCT as an 
independent thrombotic 
risk factor. 
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without SCT. 
Narrative 
review 

Sickle cell disease and 
trait literature 

Described mechanisms including 
endothelial dysfunction, platelet 
activation, inflammation, and 
hypercoagulability that may 
predispose SCT carriers to 
thrombosis. 

Established biological 
plausibility for 
thromboembolic 
complications in SCT. 

Case 
reports/Case 
series 

Individual SCT patients 
with 
intracardiacthrombi or 
embolic events 

Rare reports describe left 
ventricular thrombus, right heart 
thrombus, ischemic stroke, and 
pulmonary embolism occurring 
in SCT, often with additional 
cardiovascular risk factors. 

Suggest that cardiac 
thromboembolism can 
occur in SCT, although it 
remains uncommon. 

Retrospective 
cohort studies 

Hospitalized SCT 
patients with COVID-
19 

Hyperinflammatory states may 
amplify thrombotic risk in SCT, 
increasing venous and possibly 
arterial thromboembolic events. 

Highlights the interaction 
between SCT and acquired 
prothrombotic conditions. 

Observational 
cohort studies 

Adults with SCT and 
cardiovascular 
comorbidities 

Cardiovascular risk factors such 
as atrial fibrillation, heart failure, 
obesity, and chronic kidney 
disease appear to synergistically 
increase thromboembolic risk in 
SCT carriers. 

Supports individualized 
cardiovascular risk 
assessment rather than 
considering SCT alone as a 
determinant of thrombosis. 

Abbreviations: SCT = Sickle Cell Trait; VTE = Venous Thromboembolism; DVT = Deep Vein 
Thrombosis; PE = Pulmonary Embolism; ARIC = Atherosclerosis Risk in Communities Study; CHS = 
Cardiovascular Health Study; COVID-19 = Coronavirus Disease 2019. 
 
Prevention Strategies for Cardiac 
Thromboembolism in Sickle Cell Trait 
 
Given the emerging recognition of 
thromboembolic risks in individuals with sickle 
cell trait (SCT), particularly cardiac-related 
events, prevention strategies must focus on early 
identification, targeted risk mitigation, and 
individualized care. Although routine 
prophylactic anticoagulation is not currently 
recommended for all SCT carriers, a strategic 
approach that combines education, clinical 
vigilance, and management of modifiable risk 
factors is essential to reduce thromboembolic 
complications(Table 3) [39]. 
 
1. Risk Stratification and Screening: 
 
The first step in effective prevention is the 
identification of individuals at increased risk for 
thromboembolism. Universal newborn screening 
for hemoglobinopathies in many countries has 
increased early detection of SCT. However, 

awareness often wanes in adulthood. 
Incorporating SCT status into cardiovascular risk 
assessments—especially in individuals presenting 
with unexplained thrombotic events, arrhythmias, 
or myocardial infarction—can aid in early 
recognition. Additionally, targeted screening 
should be considered for athletes, military 
personnel, and pregnant women, particularly 
those engaging in high-risk activities or with a 
personal/family history of thrombosis [40]. 
 
2. Lifestyle and Occupational Modifications: 
 
Dehydration, high-intensity exertion, hypoxia, 
and acidosis are well-established triggers for red 
cell sickling and thrombus formation in SCT. 
Preventive counseling should emphasize adequate 
hydration, avoidance of extreme physical exertion 
without proper acclimatization, and cautious 
exposure to high altitudes or unpressurized 
environments. Athletic organizations and military 
training programs should enforce evidence-based 
guidelines for SCT-positive individuals, including 
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scheduled rest periods, environmental monitoring, 
and prompt recognition of exertional symptoms 
[41]. 
 
3. Management of Comorbidities and 
Prothrombotic States: 
 
Addressing comorbid cardiovascular risk factors 
is crucial. Aggressive control of hypertension, 
diabetes, dyslipidemia, and obesity reduces 
endothelial dysfunction and vascular 
inflammation. Similarly, patients with inherited 
thrombophilic conditions (e.g., factor V Leiden) 
should be monitored closely if SCT is also 
present. Hormonal therapies such as oral 
contraceptives or hormone replacement should be 
used judiciously, especially in SCT women with 
additional thrombotic risk. Preoperative 
assessment should include thromboembolic risk 
evaluation and, where necessary, 
thromboprophylaxis in surgical patients with SCT 
[42]. 
 
4. Anticoagulation in High-Risk Situations: 
 
While there is no consensus on routine 
anticoagulation in SCT, prophylactic use of 
anticoagulants may be justified in select clinical 
scenarios. These include SCT individuals with a 
history of thromboembolism, atrial fibrillation, 
structural heart disease, or concurrent 
thrombophilia. The use of low-molecular-weight 
heparin or direct oral anticoagulants should be 

considered on a case-by-case basis, weighing 
bleeding risks and thrombotic potential. In 
pregnancy, thromboprophylaxis may be warranted 
during the postpartum period or in cases with 
additional VTE risk factors [43]. 
 
5. Surveillance and Long-Term Monitoring: 
 
Ongoing cardiovascular monitoring may be 
beneficial for older SCT carriers or those with 
recurrent symptoms suggestive of microvascular 
ischemia or cardiac injury. Serial 
echocardiography, ECGs, and biomarkers such as 
troponin and D-dimer can help detect subclinical 
myocardial involvement. In research settings, 
advanced imaging like cardiac MRI may uncover 
early myocardial fibrosis or perfusion 
abnormalities associated with silent infarctions or 
microthrombi [44]. 
 
6. Patient Education and Genetic Counseling: 
 
Educating SCT carriers about their condition and 
potential complications empowers them to make 
informed decisions about physical activity, family 
planning, and health maintenance. Genetic 
counseling should be offered, particularly in 
couples at risk of transmitting sickle cell disease 
(SCD) to offspring. Public health campaigns in 
high-prevalence regions can further dispel myths 
about SCT and promote preventive behaviors [45-
46]. 

 
Table 3. Prevention Strategies for Cardiac Thromboembolism in Sickle Cell Trait 
 
Prevention Strategy Specific Interventions Mechanism of Action Clinical Benefit 
Adequate Hydration Maintain optimal fluid intake; 

avoid dehydration during 
illness, strenuous exercise, and 
hot weather 

Reduces erythrocyte 
dehydration, HbS 
polymerization, blood 
viscosity, and 
intermittent sickling 

Lowers the likelihood 
of vaso-occlusive 
events and thrombus 
formation [47-48] 

Avoidance of Hypoxia Prompt treatment of 
respiratory illnesses; 
supplemental oxygen when 
clinically indicated; caution 
during high-altitude exposure 

Prevents hypoxia-
induced erythrocyte 
sickling and endothelial 
injury 

Decreases activation 
of coagulation 
pathways and 
thrombotic risk[49] 

Regular Physical 
Activity 

Moderate aerobic exercise 
with adequate hydration; 

Improves endothelial 
function, venous return, 

Reduces overall 
cardiovascular and 
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avoid extreme exertion 
without proper conditioning 

and cardiovascular 
fitness while reducing 
blood stasis 

thromboembolic risk 
[50] 

Cardiovascular Risk 
Factor Control 

Optimal management of 
hypertension, diabetes 
mellitus, dyslipidemia, 
obesity, and chronic kidney 
disease 

Reduces endothelial 
dysfunction, 
inflammation, and 
atherosclerotic 
progression 

Lowers the incidence 
of cardiac thrombus 
formation and 
embolic events [51] 

Smoking Cessation 
and Healthy Lifestyle 

Smoking cessation, weight 
management, balanced diet, 
moderation of alcohol intake 

Improves endothelial 
function, reduces 
oxidative stress and 
platelet activation 

Decreases both 
arterial and venous 
thrombotic risk [52] 

Management of 
Cardiac Disorders 

Early diagnosis and treatment 
of atrial fibrillation, heart 
failure, cardiomyopathy, 
valvular heart disease, and 
myocardial infarction 

Reduces intracardiac 
blood stasis and cardiac 
chamber thrombus 
formation 

Prevents 
cardioembolic stroke 
and systemic 
embolization[53] 

Evidence-Based 
Anticoagulation 

Anticoagulant therapy 
(DOACs or vitamin K 
antagonists) for standard 
indications such as atrial 
fibrillation, left ventricular 
thrombus, prosthetic heart 
valves, or confirmed venous 
thromboembolism 

Inhibits thrombin 
generation and fibrin 
clot formation 

Significantly reduces 
recurrent 
thromboembolic 
events in 
appropriately selected 
patients [54] 

Hospital 
Thromboprophylaxis 

Early mobilization, 
mechanical compression 
devices, pharmacologic 
thromboprophylaxis in high-
risk hospitalized patients 

Minimizes venous 
stasis and activation of 
coagulation during 
hospitalization 

Prevents hospital-
acquired venous 
thromboembolism and 
pulmonary embolism 

Perioperative 
Management 

Preoperative risk assessment, 
maintenance of hydration and 
oxygenation, early 
postoperative ambulation, 
guideline-directed 
thromboprophylaxis 

Reduces surgery-
associated 
hypercoagulability, 
endothelial injury, and 
venous stasis 

Lowers perioperative 
thromboembolic 
complications [55] 

Pregnancy and 
Postpartum Care 

Individualized 
thromboembolic risk 
assessment, close obstetric 
monitoring, 
thromboprophylaxis when 
indicated by established 
guidelines 

Addresses pregnancy-
related 
hypercoagulability and 
venous stasis 

Reduces maternal 
thromboembolic 
morbidity and 
mortality 

Patient Education and 
Counseling 

Education on warning 
symptoms, adherence to 
medications, hydration, 
avoidance of prolonged 
immobility, and healthy 
lifestyle practices 

Promotes early 
recognition of 
thromboembolic events 
and adherence to 
preventive measures 

Improves patient 
engagement and 
facilitates timely 
medical intervention 
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Regular Clinical 
Monitoring 

Routine cardiovascular 
evaluation in high-risk 
individuals; 
electrocardiography, 
echocardiography, and 
laboratory assessment when 
clinically indicated 

Enables early detection 
of cardiac 
abnormalities and 
thrombotic 
complications 

Supports timely 
diagnosis, 
individualized risk 
stratification, and 
preventive 
intervention 

Abbreviations: HbS = Sickle Hemoglobin; DOACs = Direct Oral Anticoagulants. 
 

Conclusion 
 
Sickle cell trait, traditionally regarded as a benign 
carrier state, is increasingly recognized as a 
condition associated with a prothrombotic milieu 
that may predispose affected individuals to 
cardiac thromboembolic events. The 
pathophysiology involves intermittent red cell 
sickling, endothelial dysfunction, platelet 
activation, and coagulation cascade perturbations, 
which together heighten the risk of thrombus 
formation in cardiac chambers and the systemic 
circulation. Multiple risk factors—including 
hypoxia, vigorous physical exertion, comorbid 
cardiovascular conditions, genetic thrombophilias, 
hormonal influences, and inflammatory states—
modulate this risk, underscoring the complexity of 
thromboembolism in SCT. 
 
Epidemiological and clinical data, though limited, 
suggest that SCT carriers experience higher 
incidences of venous thromboembolism, ischemic 
stroke, and sudden cardiac death, often unmasked 
under specific stressors or in the presence of 
comorbidities. These findings highlight the need 
for heightened clinical awareness, comprehensive 
risk stratification, and targeted preventive 
strategies tailored to this population. Prevention 
efforts focusing on lifestyle modifications, 
management of comorbidities, appropriate use of 
anticoagulation in high-risk settings, and patient 
education can mitigate morbidity and mortality 
associated with cardiac thromboembolism in 
SCT. 
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