


Silent Multiorgan Injury in Sickle Cell Disease: Redefining Mortality Beyond Pain Crises

Abstract
Sickle cell disease (SCD) has typically been seen through the prism of acute vaso-occlusive crises and other clinically noticeable issues that call for medical attention. The mortality rate among people with sickle cell disease (SCD) is still much higher than that of the general population, despite improvements in survival and a decrease in the frequency of severe acute episodes brought about by advancements in disease-modifying treatments and supportive care. A significant amount of this increased mortality may be caused by silent, progressive multiorgan harm that occurs long before clinical symptoms manifest, according to emerging data. The objective of this review was to evaluate the contribution of silent multiorgan injury to sickle cell disease morbidity and mortality, as well as its underlying pathophysiological mechanisms, patterns of organ-specific damage, diagnostic limitations, and potential for early detection and prevention. A narrative review of the literature was conducted using published studies addressing the mechanisms, manifestations, detection, and management of subclinical organ injury in SCD. The review found that the main causes of silent tissue damage were endothelial dysfunction, oxidative stress, persistent haemolysis, chronic inflammation, hypercoagulability, and repeated microvascular occlusion. The brain, kidneys, liver, spleen, cardiovascular system, and skeletal system are all gradually affected by these processes, frequently years before obvious clinical symptoms show up. Avascular necrosis, higher tricuspid regurgitant velocity, diastolic dysfunction, silent cerebral infarcts, microalbuminuria, and functional asplenia were found to be significant markers of subclinical disease development and unfavourable long-term outcomes. Current therapies have a limited ability to prevent the increasing organ deterioration, and current clinical techniques are still primarily focused on acute problems and often miss early organ damage. The narrative structure of this review and the lack of quantitative synthesis are its main limitations. All things considered, a significant yet underappreciated factor in sickle cell disease morbidity and early death is silent multiorgan damage. To enhance long-term results and address the hidden burden of disease, there must be a greater focus on proactive surveillance, early detection, and organ-protective therapies.
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Methods
This narrative review was conducted to compile the most recent data on the contribution of silent multiorgan injury to sickle cell disease (SCD) morbidity and mortality. Electronic databases such as PubMed, Scopus, Web of Science, and Google Scholar were used to conduct a thorough literature search. Relevant articles published between 2020 and 2026 were identified using combinations of the following keywords: sickle cell disease, silent organ injury, multiorgan dysfunction, silent cerebral infarcts, sickle nephropathy, pulmonary hypertension, endothelial dysfunction, microvascular occlusion, and mortality.
Clinical guidelines, systematic reviews, meta-analyses, and original research publications written in English were taken into consideration. Priority was given to research on the pathogenesis, clinical signs, identification, and treatment of subclinical organ damage in sickle cell disease. Pathophysiological mechanisms, organ-specific injury patterns, diagnostic gaps, treatment limits, and future approaches were all covered in the theme parts that resulted from the critical analysis and synthesis of the chosen literature.


1. Introduction
Sickle Cell Disease (SCD) is an inherited disorder where the production of normal hemoglobin is disrupted due to the presence of hemoglobin S. If red blood cells carrying this hemoglobin are deoxygenated, they will change shape into a sickle form (Taher et al., 2025). These misshapen erythrocytes are less flexible, stick more to each other, and their lifespan is much shorter. As a result, hemolysis continues almost all the time and vessel blockage happens unexpectedly (Tebbi, 2022). The disease clinically can be very different from one patient to another however it is mainly recognized by frequent vaso-occlusive crises causing pain and the occurrence of different acute life-threatening complications such as acute chest syndrome, stroke, or infections that can be deadly. Until now, these very obvious clinical events have been the main focus of both the disease's understanding and its treatment (Musuka et al., 2024).

Focusing on sudden appearances of severe symptoms as a disease feature has been decisive in therapeutic logic, as the main concern in treatment consists in lessening the occurrence and intensity of pain episodes and in preventing very dangerous complications. Effective treatments such as Hydroxyurea along with better healthcare, vaccination, and controlling infections have changed the reality of the disease in quite a few cases (Adigwe et al., 2023). These achievements have helped to extend life expectancy, especially in developing countries. Yet, even with these changes, patients with sickle cell disease keep having shorter lives, and a lot of them die from complications in their early or middle adulthood (Fogliazza et al., 2025).
This observation highlights an important epidemiological paradox. Despite therapeutic advanceslife expectancy is still significantly lower, with numerous individuals living 20–30 years shorter than the average population(Chance et al., 2025). This discrepancy suggests that factors beyond acute, clinically apparent events contribute substantially to disease progression and fatal outcomes. Increasing attention has therefore turned to the role of chronic, subclinical processes that evolve silently over time (Osunkwo et al., 2021).
Central to this emerging perspective is the concept of a “silent injury burden,” which encompasses cumulative, progressive damage to multiple organ systems occurring in the absence of overt symptoms. Persistent hemolysis, endothelial dysfunction, oxidative stress, and recurrent microvascular obstruction create a milieu of chronic tissue hypoxia and inflammation (Taher et al., 2025). These processes drive insidious injury to critical organs including the brain, kidneys, heart, and lungs, often preceding clinical detection by years. By the time dysfunction becomes apparent, the underlying damage is frequently advanced and irreversible(Osunkwo et al., 2021).
In this context, it is becoming more and more evident that the accumulation of silent, gradual multiorgan harm plays a major role in shaping sickle cell disease mortality rather than being exclusively the result of acute events (Delicou et al., 2026). This paradigm advocates for a more comprehensive framework that gives priority to early detection, long-term monitoring, and prevention of subclinical organ damage, challenging the conventional crisis-centered model of care(Tebbi, 2022).
Genotype–Phenotype Variability in Silent Organ Injury
Clinical manifestations of sickle cell disease vary considerably according to genotype. Individuals with HbSS and HbSβ⁰-thalassemia generally experience more severe hemolysis, higher rates of vaso-occlusive complications, and greater risk of progressive organ injury than those with HbSC or HbSβ⁺-thalassemia(Casale et al., 2025). However, clinically significant silent organ damage may occur across all genotypes, highlighting the need for individualized surveillance strategies. Additional modifiers including fetal hemoglobin levels, co-inherited α-thalassemia, socioeconomic factors, and access to care further contribute to variability in disease progression and outcomes(Ata et al., 2023).

2. Pathophysiological Basis of Silent Injury
Pathophysiology of Sickle Cell Disease (SCD) is not just about occasional vaso-occlusive episodes. It consists of complex network of chronic intertwined mechanisms that lead to ongoing subclinical tissue injury (DuPont et al., 2026). These mechanisms occur in the microcirculation and the endothelial cells, resulting in a constant physiological stress that gradually leads to organ dysfunction. In contrast to acute complications, these processes are silent and cumulative and constitute the biological basis of progressive multiorgan failure (Dorneles et al., 2025).
2.1 Chronic Hemolysis and Endothelial Dysfunction
Continuous intravascular hemolysis is one of the hallmarks of sickle cell disease and is a major factor in the development of vascular pathologies. The continual breakdown of sickled erythrocytes results in the liberation of cell-free hemoglobin and arginase in the bloodstream (Xue & Li, 2024). Cell-free hemoglobin has a great affinity for nitric oxide, which is an indispensable agent of vascular homeostasis. On the other hand, arginase reduces the availability of L-arginine, which is the substrate for nitric oxide production. The decrease in nitric oxide bioavailability leads to impaired vasodilation and may cause vasoconstriction, platelet activation, and leukocyte adhesion(Pradhan-Sundd et al., 2026).

Endothelial dysfunction is one of the main outcomes of this disruption. The vascular endothelium, which is usually a regulator of tone and barrier function, changes its characteristics to a pro-inflammatory and pro-adhesive phenotype(DuPont et al., 2026). The increased expression of adhesion molecules leads to the formation of complexes between erythrocytes, leukocytes, and the endothelium, which causes an additional decrease in blood flow. Notably, these alterations are not confined to episodes of acute crisis but are also present during asymptomatic periods, thus maintaining a chronic state of vascular dysregulation that leads to tissue damage (Obeagu, 2025).

2.2 Recurrent Microvascular Occlusion
Vaso-occlusion is commonly linked to pain crises, but microvascular blockage happens at a subclinical level too. Sickled erythrocytes, along with activated leukocytes and platelets, intermittently block small vessels, especially within organs with high metabolic demand. These events may not cause immediate symptoms but are enough to disturb local perfusion(Conran & Embury, 2021).
The result of repeated microvascular occlusion is repeated episodes of subclinical ischemia. Cells get transient but cumulative decreases in oxygen supply, resulting in cellular stress and damage. Continuously, this pattern of intermittent ischemia leads to changes in structure and function of the organs(DuPont et al., 2026). The brain, kidneys, and cardiopulmonary system are very vulnerable because of their dependence on microcirculatory networks that are finely regulated. Therefore, even without evident vaso-occlusive crises, continuous microvascular problems cause progressive organ damage(Pervaiz et al., 2021).
2.3 Oxidative Stress and Inflammation
Oxidative stress is a major concern of silent damage in sickle cell disease. Long-term hemolysis and flash-like ischemia-reperfusion cycles produce reactive oxygen species that overwhelm natural antioxidant defenses. These harmful molecules cause lipid peroxidation, protein alteration, and deoxyribonucleic acid (DNA) damage, leading to deterioration of cells and their functions(Dorneles et al., 2025).

Along with this, a chronic inflammatory condition is maintained by ongoing immune activation. Blood leukocytes show an activated state, and pro-inflammatory cytokines remain at high levels all the time. This setting of inflammation worsens endothelial dysfunction and leads to more adhesion and blockage of the vessels(Tebbi, 2022). Notably, oxidative stress and inflammation are interdependent and strengthen each other, thus leading to the continuous cycle of tissue injury. The fact that these mechanisms keep going even during periods of no symptoms clinically, illuminates their role in silent, progressive damage(Bell et al., 2024).
2.4 Hypercoagulability
Sickle cell disease also features a persistently hypercoagulable state which is a significant contributor to the microvascular pathology. Several contributors explain this prothrombotic state: endothelial activation, tissue factor expression upregulation, platelet activation, and malfunction of anticoagulant pathways. Furthermore, the phosphatidylserine exposure on the membrane of sickle-shaped erythrocytes triggers the activation of the coagulation cascade (Osunkwo et al., 2021).
Microthrombi formation in small vessels impedes blood flow and worsens tissue hypoxia. These thrombotic incidents do not always show obvious clinical signs but they do cause cumulative vascular injury. The triad of coagulation, inflammation, and endothelial dysfunction leads to a vicious circle of progressive microvascular damage over the years(Ramadas & Sparkenbaugh, 2025).
Conceptual Model of Silent Injury Progression
Together these linked processes form a framework for the evolution of sickle cell disease. Continual low-level tissue damage results from a combination of persistent hemolysis, microvascular occlusion, oxidative stress, inflammation, and hypercoagulability(Silva & Faustino, 2023). Over time, the damage builds up and causes the organs to slowly start malfunctioning without causing any symptoms clinically. As the injury gets worse, the organ function deteriorates until the patient experiences symptoms at a stage when treatment is generally less effective. This leads the whole situation eventually to organ failure and death(Taher et al., 2025).
Accumulating evidence suggests that ongoing subclinical organ injury may contribute substantially to mortality alongside acute complications(Tebbi, 2022). The change from microscopic and blood vessel changes to symptoms in Sickle Cell Disease can be thought of as a gradual, unrecognized damage to the body, which is shown in Figure 1.
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Figure 1. Silent Multiorgan Injury Cascade in Sickle Cell Disease. Endothelial dysfunction and long-term microvascular damage are brought on by persistent haemolysis and repeated vaso-occlusion. When there are no early indications, these processes cause progressive, subclinical harm to several organ systems. Organ dysfunction eventually manifests later in the course of the illness, frequently after damage has already progressed and is less treatable, ultimately leading to premature mortality.
Source : Created by the author

3. Organ-Specific Silent Injury
The capacity of sickle cell disease to cause cumulative damage to several organ systems, frequently prior to the onset of obvious clinical symptoms, reflects its systemic character. Cumulative tissue damage occurs throughout the body as a result of endothelial dysfunction, recurrent microvascular occlusion, chronic haemolysis, and persistent inflammation(Pradhan-Sundd et al., 2026). Organ-specific vulnerability and physiological needs determine the clinical symptoms, however the fundamental mechanisms are generally the same across organ systems. The brain, kidneys, liver, spleen, cardiopulmonary system, and skeletal system are important sites of subclinical damage(Elendu et al., 2023). 

3.1 Brain: Silent Cerebral Infarcts
Neurological complications are probably the most obvious indication that sickle cell disease can lead to hidden damages. Silent cerebral infarcts are among the most common neurological complications of SCD, affecting approximately 39% of children and more than 50% of adults. (Houwing et al., 2020). It was, in fact, through brain scans that the majority of children with such silent cerebral infarcts were discovered. These infarcts usually present themselves as local spots of brain ischemia on magnetic resonance imaging and are typically found in the brain's watershed regions (Zedde et al., 2024). To comprehend fully the multisystem nature of subclinical damage in sickle cell disease, the principal physiological abnormalities, early detection markers, and resulting clinical outcomes are briefly outlined in Table 1.
Table 1. Subclinical Organ Injury in Sickle Cell Disease: Mechanisms, Early Markers, and Clinical Outcomes
	Organ System
	Primary Mechanism
	Early Marker
	Clinical Outcome

	Brain
	Microvascular occlusion
	Silent cerebral infarcts (MRI)
	Cognitive decline

	Kidney
	Glomerular hyperfiltration
	Microalbuminuria
	Chronic kidney disease

	Heart
	Chronic hypoxia, diastolic stress
	Diastolic dysfunction (Echocardiography)
	Heart failure

	Lung
	Endothelial dysfunction
	Elevated tricuspid regurgitant velocity (TRV)
	Pulmonary hypertension



3.2 Kidneys: Sickle Nephropathy
Renal damage often begins early in the course of the disease and may go years without showing any symptoms. Microalbuminuria and glomerular hyperfiltration are early signs of nephropathy. Chronic kidney disease, glomerulosclerosis, and proteinuria can eventually result from progressive ischaemic and haemodynamic stress. Regular renal monitoring is crucial for prompt intervention because symptoms usually do not show up until there has been a major functional decline(Safdar et al., 2022).
Microalbuminuria is one of the initial signs of renal dysfunction and has been observed in over 60% of people with SCD and 20–40% of children. This stage often exhibits no overt signs of kidney disease and is clinically silent. Prolonged hyperfiltration and ischaemic damage lead to proteinuria, glomerulosclerosis, and ultimately chronic kidney disease(Bedrouni et al., 2022).
Since sickle nephropathy can be misleading, early detection is essential. In the absence of routine screening, kidney damage often remains undetected until it has reached an advanced stage, at which point there are limited options for therapy and a significantly increased risk of end-stage renal disease(Elzorkany et al., 2024).
3.3 Cardiopulmonary System
The cardiopulmonary system is especially susceptible to the combined consequences of tissue hypoxia, vascular dysfunction, and chronic anaemia. Elevations in tricuspid regurgitant velocity may precede pulmonary hypertension, which has become a significant predictor of mortality in individuals with sickle cell disease(Engole et al., 2026). Diastolic dysfunction, which reflects poor ventricular relaxation and increased myocardial stiffness, is a common sign of cardiac involvement. These anomalies frequently appear gradually and could go unnoticed until the disease has progressed(Chatzidavid et al., 2024).
3.4 Liver: Hepatopathy
Hepatic injury arises from a confluence of recurrent ischaemic insults, chronic haemolysis, and iron overload associated with transfusion. While progressive injury can result in fibrosis, cirrhosis, and reduced liver function, early disease may only show modest biochemical abnormalities. Periodic evaluation of liver function and iron load is crucial for identifying patients at risk of progressive hepatopathy since symptoms can appear late in the course of the disease(Al-Busafi et al., 2025).

3.5 Spleen: Functional Asplenia
One of the first organs to be affected by sickle cell disease is the spleen. Functional asplenia is the end result of increasing infarction and fibrosis brought on by recurrent vaso-occlusive episodes within the splenic microvasculature. This process may be completed in the first ten years of life and frequently starts in early childhood (Peretz et al., 2022).
In its early phases, functional asplenia is usually clinically silent but has significant effects on immunological function. In order to eliminate encapsulated germs and coordinate immune responses, the spleen is essential. People who lose it are more vulnerable to serious and even deadly infections, especially from bacteria like Streptococcus pneumoniae(Scourfield et al., 2024).
One factor contributing to delayed detection is the lack of obvious symptoms as asplenia progresses. Therefore, even though they do not completely reduce the risk, preventive measures like vaccination and prophylactic antibiotics are crucial parts of treatment (Zedde et al., 2024).
3.6 Bones: Avascular Necrosis
Avascular necrosis and other skeletal complications are another way that silent damage manifests. This disorder, which primarily affects the femoral and humeral heads, results from a persistent interruption of the blood supply to bone tissue(Khired et al., 2024). Early avascular necrosis may not cause any symptoms or only cause mild discomfort, which might cause delays in diagnosis (Osunkwo et al., 2021).
As ischaemic injury worsens, the bone's structural integrity is compromised, which ultimately leads to joint surface collapse and persistent pain. At this point, the condition is frequently irreversible and may necessitate joint replacement surge. The silent development of avascular necrosis highlights the larger pattern of subclinical injury in sickle cell disease, where pathological alterations significantly surpass clinical manifestations (Alshurafa et al., 2023).
The structural integrity of the bone is weakened as ischaemic injury worsens, which ultimately leads to joint surface collapse and persistent pain. At this point, joint replacement surgery may be necessary because the condition is frequently irreversible (Osunkwo et al., 2021). The silent development of avascular necrosis highlights the larger pattern of subclinical injury in sickle cell disease, where pathological alterations occur well before clinical manifestations (Chatzidavid et al., 2024).
3.7 Pediatric and Adult Considerations
Over the course of a lifetime, silent organ injury might present with different symptoms. Early renal hyperfiltration, splenic dysfunction, and silent cerebral infarcts are especially significant in children because they may have an impact on long-term development and organ health(Allali et al., 2021). Chronic kidney disease, pulmonary hypertension, diastolic dysfunction, hepatic problems, and avascular necrosis are more prevalent ways that cumulative damage appears in adulthood. Acknowledging these age-specific trends could lead to more focused monitoring and intervention tactics(Sahu et al., 2023).
Critical Insight
There is a recurring motif throughout all organ systems. Chronic microvascular dysfunction and hypoxia often cause the early stages of damage to be subclinical. Significant and frequently irreversible harm has already been done by the time symptoms appear. As a result of this temporal gap between clinical presentation and pathological progression, symptom-based therapy is fundamentally inadequate. Therefore, to address the actual burden of disease, a move toward proactive identification and early intervention is crucial(DuPont et al., 2026).
4. Clinical Detection Gaps
Even though sickle cell disease care has advanced, the majority of current clinical frameworks are still focused on identifying and treating acute episodes. Hospitalisations due to infections, acute chest syndrome, and episodes of vaso-occlusive discomfort are given top priority by healthcare systems, especially in situations with limited resources (Mekontso Dessap et al., 2025). The gradual, subclinical processes that support long-term organ damage are not well identified or mitigated by this method, even though it addresses immediate morbidity. Due to this, the provision of care is frequently reactive rather than proactive, emphasising clinical crises while ignoring the disease's silent progression(Taher et al., 2025).
There are large gaps in early identification due to this acute care paradigm. The underutilisation of sophisticated imaging modalities for routine surveillance is one of the most notable lost opportunities. For instance, magnetic resonance imaging of the brain has proven to be highly sensitive in identifying silent cerebral infarcts, although it is not always included in routine monitoring procedures(Houwing et al., 2020). A significant percentage of people with subclinical injury are excluded from neuroimaging in many clinical settings because it is only used for patients with overt neurological symptoms. Similar to this, early organ malfunction detection is hampered by the lack of organised biomarker surveillance. Nephropathy can go undetected because indicators like microalbuminuria, which indicate early renal impairment, are not consistently evaluated(Zedde et al., 2024).
This issue is worsened by the underutilisation of recognised screening instruments. An efficient, non-invasive technique for measuring cerebral blood flow velocity and identifying kids who are more likely to have a stroke is transcranial Doppler ultrasound(Abdi et al., 2023). Implementation remains inconsistent despite its demonstrated benefits, especially outside of specialised centers. Similar gaps occur in the monitoring of cardiopulmonary and renal function, where the absence of standardised screening frameworks frequently results in early physiological alterations going undetected(Palomo et al., 2020).
These shortcomings are indicative of a more general constraint in the way the condition progression is conceptualised. The burden of silent injury is often underestimated by current clinical models, which link illness severity with the frequency and intensity of acute symptoms(Tebbi, 2022). The cumulative nature of microvascular injury, which progresses independently of obvious clinical episodes, is not taken into consideration by this method. As a result, many patients have advanced organ dysfunction when they are diagnosed, with few treatment options and unsatisfactory results(DuPont et al., 2026).
The main implication is that current clinical paradigms identify organ damage when it is often irreversible and already entrenched. Proactive, long-term monitoring approaches that incorporate imaging, biomarkers, and functional evaluations are required to overcome this constraint(Matar et al., 2026). An earlier detection of subclinical injury and a window for intervention prior to permanent damage would be made possible by such an approach. Without this change, improvements made in the treatment of acute complications would continue to be undermined by the quiet burden of disease(Nasiri et al., 2025).
5. Therapeutic Limitations
The management of acute complications in sickle cell disease has significantly improved thanks to therapeutic advancements, although their influence on long-term organ preservation is still minimal (Taher et al., 2025). Disease-modifying medications, transfusion techniques, and, more recently, curative-intent methods like gene therapy serve as the cornerstones of the contemporary treatment landscape. The silent, gradual processes that cause cumulative organ injury are not particularly intended to be stopped by any of these modalities, even though they all address significant parts of disease biology(Odame & Bazuaye, 2024).
The cornerstone of pharmacologic management is still hydroxyurea. It improves haematologic parameters, lowers the frequency of vaso-occlusive episodes, and lessens erythrocyte sickling by stimulating foetal haemoglobin synthesis (López Rubio & Argüello Marina, 2024). Acute chest syndrome, hospitalisation rates, and pain crises have all decreased, according to long-term observational research and clinical trials. Its ability to stop or reverse organ damage that has already occurred, however, is less well-defined (Gillespie et al., 2026). Hydroxyurea does not directly target endothelial injury or completely correct the microvascular abnormalities that cause subclinical ischaemia, despite the fact that it may mitigate some elements of vascular dysfunction (Fogliazza et al., 2025).
Another crucial intervention is chronic blood transfusion therapy, especially for stroke prevention in high-risk paediatric groups. Transfusion lowers blood viscosity and enhances oxygen delivery by reducing the percentage of sickled erythrocytes (Gillespie et al., 2026). Despite these advantages, transfusion therapy has certain drawbacks, such as iron overload, alloimmunisation, and the difficulty of long-term delivery. The overall course of the disease is complicated by iron accumulation in particular, which adds another layer of organ toxicity, particularly in the liver and heart (Soliman et al., 2022).
By focusing on the underlying genetic defect or reactivating foetal haemoglobin expression, emerging gene-based therapies offer the possibility of curative treatment. Early clinical outcomes have been encouraging, with evidence of reduced haemolysis and diminished clinical events (Bangolo et al., 2025). However, these therapies remain resource-intensive, technically complex, and largely inaccessible to the majority of affected individuals, especially in low- and middle-income regions where the disease burden is highest. Concerns about cost, infrastructure, and long-term safety further restrict their widespread adoption(Bangolo et al., 2025).
Beyond these particular procedures, the conceptual focus of contemporary therapeutic approaches is a basic drawback. Instead of maintaining organ function over time, the majority of treatments aim to lessen the frequency and intensity of acute crises(Adigwe et al., 2023). Although the underlying processes of silent injury are not well addressed, this emphasis reflects the historical prioritisation of acute therapy and symptomatic relief. There are still very few treatments that target endothelial repair, restore nitric oxide bioavailability, or shield the microvasculature from long-term damage(Musuka et al., 2024).
As a result, even in cases where there appears to be clinical stability, subclinical organ damage frequently advances. The need for a more comprehensive therapeutic strategy that incorporates both organ protection and symptom control is highlighted by this disparity. Current treatments will only be somewhat effective in changing the long-term course of the disease if tailored strategies to disrupt the pathways of silent damage are not developed(Fogliazza et al., 2025).
6. Future Directions
In order to address the hidden burden of sickle cell disease, anticipatory, mechanism-informed solutions that emphasise early detection, personalised risk assessment, and focused intervention must replace reactive treatment. Future advancements in medicines, genomes, and diagnostics will need to be integrated into frameworks that are both internationally applicable and clinically achievable (Smart et al., 2026).
6.1 Early Detection Frameworks
The development of organised, biomarker-driven monitoring systems that can detect organ damage at a preclinical stage is a top objective. Circulating biomarkers that show inflammation, haemolysis, endothelial activity, and early organ failure may be able to identify disease progression prior to irreversible damage(Zedde et al., 2024). These methods can offer a more accurate and thorough assessment of the state of the disease when paired with standardised imaging protocols, especially neuroimaging for silent brain infarcts and cardiopulmonary assessments. Early intervention and more accurate tracking of therapeutic response would be made possible by the development of longitudinal screening guidelines that integrate these technologies into standard care(DuPont et al., 2026).
6.2 Precision Medicine
The impact of genetic and environmental modifiers is shown by the heterogeneity in clinical outcomes among sickle cell disease patients. The ability to find variations that affect haemolysis, inflammation, and vascular dysfunction is made possible by developments in genomic and epigenomic profiling (Diamantidis et al., 2024). The creation of risk stratification models that forecast vulnerability to particular organ problems may be aided by incorporating these findings into therapeutic practice. These models would go beyond a standard approach to care by enabling customised monitoring tactics and guiding therapeutic decision-making(Diamantidis et al., 2024).
6.3 Novel Therapeutic Targets
Future therapeutic advancements must address the underlying processes of silent harm in addition to reducing acute occurrences. One intriguing approach is to selectively modify immunological pathways to target chronic inflammation. In a similar vein, measures to improve nitric oxide bioavailability and restore endothelial integrity may help to stabilise the microvasculature and lessen persistent tissue damage(Xue & Li, 2024). To maintain physiological signalling while reducing oxidative damage, antioxidant treatments must be tailored to specific systems rather than suppressing reactive oxygen species in general. These strategies may be able to break the cycle of long-term damage that causes organ failure (Splendore et al., 2025).
6.4 Global Health Perspective
The disproportionate prevalence of sickle cell disease in sub-Saharan Africa, where access to innovative diagnostics and treatments is frequently restricted and healthcare resources are scarce, must be taken into consideration in any strategy for the future. To close this gap, screening tools that are both affordable and scalable are necessary (Adigwe et al., 2023). In these contexts, community-based monitoring programs, streamlined imaging procedures, and point-of-care biomarker testing may help identify organ damage earlier. Converting scientific advancements into significant increases in survival will require bolstering the healthcare system and increasing access to necessary treatments. Despite advancements in high-resource contexts, discrepancies in results will continue in the absence of such initiatives (Musuka et al., 2024).
7. Limitations
There are a number of limitations to this review. First, because it is a narrative review and does not adhere to the strict methods of a systematic review or meta-analysis, it may contain selection bias in the literature. Second, direct comparisons between findings may be limited because the data presented comes from studies with different designs, demographics, and end measures. Third, the long-term clinical value of several new ideas pertaining to biomarkers, precision medicine, and innovative therapeutic techniques is still being studied. Lastly, a large portion of the data is derived from high-resource healthcare settings, which may limit the applicability of some recommendations to low- and middle-income areas where sickle cell disease is most prevalent(Adigwe et al., 2023; Musuka et al., 2024).

8. Conclusion
The clinical paradigm for sickle cell disease must shift from its long-standing emphasis on acute vaso-occlusive crises to a more all-encompassing focus on averting chronic organ damage. The ongoing burden of morbidity and early mortality cannot be entirely explained by acute complications alone, even if they are nonetheless clinically significant. There is mounting evidence that silent, cumulative multiorgan damage, which frequently develops years before overt clinical signs become apparent, is a significant and often overlooked contributor to unfavourable outcomes.
Genetics, disease modifiers, age, and healthcare access all have an impact on the burden and course of organ damage, which varies among patients. As a result, early detection of subclinical consequences should be given priority in disease monitoring and care regimens that take this variability into consideration. Sensitive biomarkers, imaging modalities, and longitudinal evaluation tools can be used in systematic screening to enable early intervention prior to irreversible damage. Concurrently, rather than focusing primarily on episodic, symptom-driven care, clinical recommendations should place more emphasis on proactive surveillance, risk assessment, and organ-preserving measures.
Future studies should focus on identifying reliable biomarkers that can forecast the course of the disease as well as the processes, detection, and treatment of silent organ damage. Without concurrent efforts to prevent and minimise subclinical organ dysfunction, improvements in the treatment of acute consequences alone are unlikely to significantly lower the long-term burden of disease. In the end, an integrated, organ-protective strategy that incorporates early detection, customised risk assessment, and focused care may present the best chance to raise survival, lower morbidity, and improve quality of life for sickle cell disease patients.
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Figure 1. Conceptual Framework of Silent Multiorgan
Injury in Sickle Cell Disease

1. HEMOLYSIS + VASO-OCCLUSION
e Chronic intravascular hemolysis releases free
hemoglobin, arginase, and pro-inflammatory mediators

¢ Sickled RBCs, leukocytes, and platelets obstruct
microvasculature

2. ENDOTHELIAL DYSFUNCTION

* Depletion of nitric oxide and L-arginine

Upregulation of adhesion molecules and inflammation

Vasoconstriction, increased adhesion, and
vascular dysregulation

CHRONIC MICROVASCULAR INJURY

* Recurrent subclinical ischemia and reperfusion
* Oxidative stress and chronic inflammation
. Hypercoagulability and microthrombi formation

4. SILENT ORGAN DAMAGE
* Cumulative injury to brain, kidney, heart, lung,
liver, spleen, and bone

* No overt clinical symptoms in early stages
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. 5. LATE CLINICAL MANIFESTATION
(LATER)
® Organ dysfunction becomes evident later
® Symptoms appear when damage is advanced

e Often irreversible at this stage

6. MORTALITY
® Progressive multiorgan failure
® Increased risk of early death

SCD is driven not only by acute events but by continuous, silent, progressive multiorgan
injury that accumulates over time, leading to irreversible damage and premature mortality.





