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Abstract  
 

Sickle cell anemia (SCA) is a hereditary hemoglobinopathy marked by episodic vaso-occlusive crises, chronic hemolytic 

anemia, and multi-organ involvement. In regions such as central India, its prevalence is substantial, imposing significant 

health and socioeconomic challenges. Routine laboratory investigations including Complete Blood Count (CBC), 

Erythrocyte Sedimentation Rate (ESR), C - reactive protein (CRP), and serum electrolytes are pivotal in diagnosis, 

monitoring, and assessing prognosis. The identification of long-term complications, particularly avascular necrosis (AVN), 

necessitates timely radiological and laboratory screening. This manuscript systematically reviews and interprets the clinical 

utility of these markers in the assessment of disease status, crisis severity, and complications, with commentary on their 

rational integration into routine protocols and implications for personalized management. 
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INTRODUCTION 
Sickle cell anemia (SCA) arises due to a single-

point mutation in the β-globin gene, resulting in the 

substitution of valine for glutamic acid at position six, 

creating hemoglobin S (HbS). Under deoxygenated or 

hypoxic conditions, HbS undergoes polymerization, 

leading to red blood cell (RBC) sickling, chronic 

hemolysis, and microvascular blockage. The resultant 

ischemia and inflammation underlie the multisystem 

manifestations of SCA, ranging from acute pain episodes 

to end-organ damage such as AVN. The Indian 

subcontinent, particularly tribal and central regions such 

as Madhya Pradesh, Chhattisgarh, and Maharashtra, 

records a high SCA prevalence, critically affecting 

public health and socioeconomic stability. 

 

Conventional laboratory tests CBC, ESR, CRP, 

and serum electrolytes provide inexpensive, rapid, and 

clinically informative windows into the disease's 

pathophysiological landscape. These evaluations 

highlight the dynamics of anemia, inflammatory status, 

infection risk, electrolyte imbalance, and the risk of 

chronic complications including AVN. This paper 

synthesizes current evidence and institutional experience 

to elaborate the diagnostic and prognostic roles of these 

tests, mapping their value in clinical decision-making 

and patient management. 

 

Pathophysiology of Sickle Cell Anemia 

The molecular basis of SCA is grounded in 

hemoglobin S polymerization, triggered by hypoxia, 

acidosis, dehydration, or fever. Sickled erythrocytes are 

rigid, adhesive, and susceptible to premature destruction, 

leading to chronic anemia and compensatory 

erythropoiesis. Vaso-occlusion results from interactions 

among sickled cells, vascular endothelium, and plasma 

proteins, culminating in recurrent crises, organ ischemia, 

and tissue necrosis. 
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Chronic inflammation engendered by 

hemolysis and vascular injury activates neutrophils, 

platelets, and the complement system, promoting further 

endothelial damage. Meanwhile, repeated cycles of 

hypoxia-reperfusion injury drive long-term 

complications such as AVN, particularly in weight-

bearing joints (e.g., femoral head), and renal, hepatic, 

and splenic dysfunction. 

 

Clinical Evaluation and Laboratory Investigations 

Complete Blood Count (CBC) 

CBC remains a cornerstone investigation in 

SCA due to its ability to reflect the degree of anemia, 

ongoing hemolysis, marrow activity, and susceptibility 

to infection. Key features include:  

• Hemoglobin (Hb): Chronic hemolysis results 

in persistently low mean Hb (typically 6–9 

g/dL). 

• Reticulocyte count: Elevated levels indicate 

marrow compensation for hemolysis, often 

exceeding reference ranges in steady state and 

peaking during recovery from crisis. 

• White blood cells (WBC): Leukocytosis is 

common in SCA, attributable to chronic 

inflammation and marrow overactivity; high 

WBC counts may also signal underlying 

infection or crisis.  

• Platelets: Thrombocytosis can develop, further 

aggravating vascular obstruction risk.  

• RBC indices: Microcytosis may be seen with 

coexistent iron deficiency or thalassemia traits, 

further complicating the anemia profile.  

 

The clinical application of CBC lies in 

quantifying anemia severity, evaluating marrow 

compensatory capacity, screening for infection, and 

predicting crisis outcomes.  

 

Erythrocyte Sedimentation Rate (ESR) 

ESR reflects the tendency of RBCs to form 

rouleaux (red blood cells (RBCs) stack together in long 

chains, resembling a pile of coins) and sediment under 

gravity. In SCA patients, impaired rouleaux formation 

due to abnormal RBC shape results in generally low ESR 

values (often less than 10 mm/h). However, ESR rises 

dramatically with superadded infections or inflammatory 

states, helping clinicians distinguish between SCA crisis 

and infectious complications. This divergence marks 

ESR as a sensitive red flag for concomitant pathology in 

SCA management.  

 

C-Reactive Protein (CRP) 

CRP is an acute-phase reactant synthesized in 

response to cytokine-mediated inflammation. Elevated 

CRP in SCA correlates with pain severity, 

hospitalization duration, and risk of complications. 

Notably:  

• In steady state, CRP is generally normal or 

mildly raised. 

• During vaso-occlusive crisis or infection, 

significant CRP elevation helps differentiate 

crisis from non-inflammatory pain and 

highlights underlying complications.  

• CRP trends serve as a prognostic marker, 

predicting crisis severity and guiding response 

to interventions. 

 

Routine CRP monitoring augments the 

diagnostic value of CBC and ESR, offering early 

indication of crisis onset and infection 

 

Serum Electrolytes 

Electrolyte disturbances in SCA reflect the 

cumulative effects of hemolysis, dehydration, acidosis, 

and renal dysfunction. Principal findings include: 

• Hyperkalemia: Arises due to intracellular 

potassium release from hemolyzed RBCs.  

• Hyponatremia: Commonly seen with 

dehydration or renal salt wasting. 

• Hypocalcemia and hypomagnesemia: 

Related to ongoing hemolysis, poor dietary 

intake, and renal loss; linked with 

neuromuscular irritability and crisis 

exacerbation. 

• Low bicarbonate: Indicative of metabolic 

acidosis, often associated with severe hemolysis 

or renal impairment.  

 

Electrolyte assessment is vital for pre-emptive 

management, hydration strategies, and renal function 

monitoring in SCA, especially during acute crises. 

 

Radiological Evaluation for Avascular Necrosis 

(AVN) 

AVN represents a severe orthopedic complication of 

SCA, resulting from repeated microvascular occlusion 

and marrow infarction. Early stages may be clinically 

silent, but progressive ischemia leads to:  

• Joint pain (especially the hip and shoulder) 

• Limitation of movement 

• Radiographic findings of femoral or humeral 

head collapse 

 

X-ray and MRI are used for AVN detection, 

with MRI providing superior sensitivity in early 

diagnosis. Laboratory markers such as persistently 

elevated CRP and reticulocytosis, in tandem with 

recurrent pain crises, should prompt timely radiological 

screening for AVN.  
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X-Ray Comments 

Hip Joints: 

O Both hip joints show 

irregular articular surfaces. 

O The left femoral head 

appears flattened with 

irregular margins and areas of 

sclerosis → highly suggestive 

of Avascular Necrosis (AVN). 

O The right femoral head also 

shows patchy sclerosis but 

with relatively better 

preservation of contour, 

suggesting early 

AVN/changes. 

O Joint space narrowing is 

seen, more prominent on the 

left side. 

Pelvic Bones 

• The pelvis bones otherwise 

appear intact without obvious 

fracture or dislocation. 

• Bone density shows patchy 

sclerosis and cystic changes 

(typical of AVN or chronic 

hemoglobinopathy related 

changes such as in sickle cell 

anemia). 

Bilateral Avascular Necrosis (AVN) of femoral heads, left side advanced (collapse and irregular contour), 

right side early to moderate stage. 

Image-1 

 

Hematological Findings 

A cross-sectional analysis of SCA patients in steady state 

and crisis revealed: 

• Mean Hb levels: Significantly reduced across 

cohorts (6–9 g/dL). 

• Reticulocytosis: Consistently elevated, 

corroborating marrow compensation; peaks noted 

post-crisis. 

• WBC and platelets: Frequently raised, even in the 

absence of overt infection; this pattern underscores 

chronic inflammatory activation and vascular risk 

 

ESR Dynamics 

• Low baseline ESR: Most patients demonstrated 

persistently low ESR owing to impaired RBC 

aggregation. 

• Elevated ESR: Markedly increased in scenarios of 

superadded infection, providing a decisive clue in 

distinguishing infection-mediated pain from vaso-

occlusive crises 

 

CRP Trends 

• Raised CRP during crises: CRP elevation 

correlated strongly with pain scores and 

hospitalization lengths. 

• Predictive value: High CRP values identified 

patients at elevated risk for severe crisis and 

prolonged morbidity. 

Electrolyte Profile 

• Hyperkalemia: Ubiquitous in acute hemolytic 

episodes. 

• Hyponatremia and Hypocalcemia: Frequently 

seen during crisis, necessitating vigilant electrolyte 

management. 

• Metabolic acidosis: Noted in severe crisis, 

characterized by low bicarbonate levels 

 

AVN Detection 

• Prevalence: AVN identified in hip joints of patients 

with chronic, recurrent crises; radiological changes 

correlated with cumulative vaso-occlusive episodes 

and chronic hypoxia. 

• Association: Strong linkage observed between high 

CRP values, recurrent crises, reticulocytosis, and 

AVN risk.[1] 

 

DISCUSSION 
The spectrum of routine laboratory tests CBC, 

ESR, CRP, and serum electrolytes offers a 

multidimensional view of SCA’s clinical course. CBC is 

indispensable for grading anemia, gauging marrow 
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function, and screening for infection. ESR’s 

dichotomous behavior provides a simple yet powerful 

tool for infection assessment. CRP has emerged as a 

sensitive predictor of crisis severity and outcome. 

Electrolytes, often neglected, play critical roles in acute 

management and chronic follow-up. 

 

Integration of laboratory and clinical findings is 

foundational for personalized SCA management. For 

example: 

• Persistent reticulocytosis with raised CRP and 

WBCs suggests severe hemolysis, acute crisis, 

or infection. 

• Low ESR amidst high CRP points to acute 

inflammation rather than infection. 

• Electrolyte disturbances require aggressive 

fluid management and renal support, especially 

during crisis. 

• Radiological screening for AVN in patients 

with recurrent crises and elevated CRP is 

essential for early intervention. 

 

Notably, AVN represents a challenging 

complication due to insidious onset and progressive 

disability. The combination of laboratory markers (high 

CRP, persistent reticulocytosis, raised WBCs) and 

clinical features (recurrent joint pain) warrants timely 

imaging and orthopedic consult. 

 

Global Perspective: Several international guidelines 

advocate for routine integration of these tests in SCA 

management protocols, emphasizing their accessibility 

and predictive value in low-resource settings.  

 

Implications for Clinical Practice 

• Early identification of SCA complications using 

routine lab tests facilitates prompt intervention, 

reducing morbidity and healthcare costs 

• Comprehensive protocols incorporating CBC, 

ESR, CRP, electrolytes, and radiology improve 

diagnostic accuracy and crisis management. 

• Patient education regarding signs of crisis, 

hydration importance, infection risk, and joint pain 

ensures proactive health-seeking behavior and 

improved outcomes. 

• Long-term follow-up integrating regular laboratory 

and radiological assessment deters progression to 

irreversible complications like AVN and organ 

failure. 

 

CONCLUSION 
Routine laboratory investigations CBC, ESR, 

CRP, and electrolyte assessment are pivotal in the 

diagnosis, management, and prognostication of sickle 

cell anemia. When synergized with clinical evaluation 

and radiological screening, particularly for AVN, these 

tests empower clinicians with actionable data to optimize 

patient outcomes, guide crisis management, and prevent 

disabling complications. Adoption of structured, 

protocol-based approaches harnessing these inexpensive, 

widely available tests can transform SCA care, especially 

in resource-constrained regions.  
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