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INTRODUCTION 

ickle cell anemia (SCA) is an inherited hematological 

disorder which arises from a single point mutation in 

codon 6 of the β-globin gene resulting in glutamic acid-to-

valine substitution. This point mutation is responsible for 

alteration in the properties of the hemoglobin tetramer with a 

tendency to polymerize in the deoxygenated state. SCA is 

associated with a number of acute and chronic complications of 

which microvessel occlusion, also termed vaso-occlusive crisis 

(VOC) is clinically the most significant pathological process 

(Idris et al., 2015). 

Vaso-occlusive crisis is complex in nature and involves 

interaction between sickle-shaped red blood cells (ssRBCs), 

white blood cells (WBCs), endothelium, plasma proteins and 

additional factors which results in occlusion of the small 

capillaries by ssRBCs which in turn restrict blood flow to the 

affected organs resulting in ischemia, pain and organ damage 

(Kaul et al., 2009). 

Recent evidence implicates a state of chronic 

inflammation in the pathogenesis of SCA as increased levels of 

pro-inflammatory markers were detected in the sera of SCA 

patients including C-reactive protein (CRP) (Krishnan et al., 

2010). CRP is a stable plasma acute phase reactant produced in 

the liver in response to inflammatory signals (Cappellini, 2007). 
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The association of CRP with VOC was suggested by 

finding that heightened CRP levels were detected in the sera of 

steady state SCA patients which increased further during VOC 

episodes (Mohammed et al., 2010). 

D-dimer is a terminal breakdown product of cross-linked 

fibrin; therefore its presence in plasma is an evidence of 

fibrinolysis. It is elevated in fibrinolytic states including 

disseminated intravascular coagulation (DIC), pulmonary 

embolism (PE) and deep venous thrombosis (DVT) (Ogurno et 

al., 2014). 

A number of observations suggest that activation of 

coagulation with formation of fibrin occurs in SCA and may 

contribute to the pathogenesis of microvascular occlusion. 

Fibrin is present in vessels occluded by ssRBCs. Studies 

suggest that D-dimer levels are elevated in SCA during VOC, 

but are normal in patients sampled during steady state 

(Cappellini, 2007). 
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AIM OF THE WORK 

o determine the plasma concentration of fibrinolytic 

protein D-dimer and the inflammatory marker hs-CRP in 

SCA patients in steady state and VOC in addition to evaluating 

the clinical role of them in disease progression encountered in 

those patients. 
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SICKLE CELL ANEMIA 

I. Genetic defect 

ickle cell anemia is an autosomal recessive disorder 

characterized by a hemoglobin variant called hemoglobin 

S (Hb S) in which there is a single nucleotide change in the β-

globin gene leading to substitution of valine for glutamic acid 

at position 6 of the β-globin chain (β 6glu→ valine). Sickle cell 

hemoglobin can produce deleterious effects because, on 

deoxygenation, its solubility is reduced and polymerization 

occurs. Red Blood cells (RBCs) that contain this hemoglobin 

become distorted and rigid. Hemoglobin genes are inherited 

from both parents. One sickle cell gene leads to sickle cell trait 

while two sickle cell genes lead to sickle cell disease (SCD) 

(Idris et al., 2015) (Figure 1). 

 
Figure (1): Inheritance of sickle cell trait & sickle cell disease (Bain, 

2000). 
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II. Incidence and geographic distribution 

The sickle mutant gene has the highest frequency of 

occurrence in Central Africa. SCA is particularly common 

among people whose ancestors came from Sub-Saharan Africa, 

South America, Cuba, Central America, Saudi Arabia, India 

and Mediterranean countries such as Turkey, Greece and Italy 

(Idris et al., 2015). 

III. Etiology and pathogenesis 

Sickle cell anemia results from the substitution of 

thymine for adenine in the glutamic acid DNA codon (GAG 

GTG). Molecules of Hb S that are in the deoxy conformation 

have a strong tendency to aggregate. When a cell sickles and 

unsickles repeatedly, the membrane is affected and the cell 

becomes irreversibly sickled, it remains so even when the 

oxygen pressure is increased (Beutler, 2006).  

In addition to the obvious shape changes that result from 

the formation of intracellular hemoglobin polymers, the 

polymers can have a direct impact on the RBC plasma 

membrane, leading to extracellular exposure of protein epitopes 

and glycolipids that are normally found inside the cell. These 

changes and the aberrant expression of adhesion molecules on 

stress reticulocytes likely explain the increased adherence of 

sickle RBC to vascular endothelium. This interaction occurs 

through many pathways which includes the integrins and their 

receptors, immunoglobulin family members (Vascular Cell 

Adhesion Molecule) VCAM-1, ICAM-4, the endothelial 
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selectin, soluble adhesion proteins such as fibrinogen, 

fibronectin and von Willebrand factor (VWF). Thus, sickle cell 

adhesion to the endothelium plays a role in sickle cell 

vasoocclusion. The presence of such diverse mechanisms of 

adhesion presents an enormous challenge for delineating 

physiologically relevant therapeutic targets. Interestingly, 

recent studies have suggested that targeting a specific adhesion 

pathway may be sufficient to reduce vasoocclusion (Frenette 

and Atweh, 2007). 

� Membrane changes in sickle cells 

In addition to the primary defect in hemoglobin, 

secondary alterations in the red cell metabolism and membrane 

structure and function occur with rapid potassium loss early in 

the sickling process. Membrane permeability to calcium 

increases possibly due to impairment in the calcium pump that 

is dependent on adenosine triphosphates (ATPase). The 

intracellular calcium concentration is 4 times more than the 

reference level. The membrane becomes more rigid possibly 

due to changes in cytoskeletal protein interactions (Rivera et 

al., 2005). 

A decrease in intracellular magnesium has been observed 

in sickle erythrocytes. Hb S polymerization may play a role in 

promoting magnesium loss in addition to abnormal regulation 

of magnesium transport via Na/Mg exchanger which was 

shown to be elevated in sickle erythrocytes compared to normal 

erythrocytes (Rivera et al., 2005). 
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The loss of some of the membrane phospholipid 

asymmetry exposing phosphatidylserine on the outside of the 

cell and this may result in activation of complement and/or 

coagulation. Hemolysis is a constant finding in SCD. 

Approximately one third of RBCs undergo intravascular 

hemolysis possibly due to loss of membrane filaments during 

oxygenation and deoxygenation (Beutler, 2006). 

IV. Factors affecting severity of SCD 

Because a large number of inherited and acquired factors 

influence the pathogenesis of clinical symptoms, the sickle cell 

disorders vary in clinical severity from the virtually 

symptomless sickle cell trait to the potentially lethal state 

characteristic of SCA. Wide variation in the severity of clinical 

manifestations also occurs within the group of patients with 

SCA. Some die in the first few years of life, while others have 

been discovered late in life as a result of a chance survey 

(Beutler, 2006). 

A. Concentration of Hb S  

A correlation exists between the concentration of sickle 

hemoglobin within a red cell and the susceptibility of the cell to 

sickling. The red cells of the sickle cell carrier, who is virtually 

symptom-free, always contain less than 50 percent Hb S. The 

exact proportions vary from one individual to another (Beutler, 

2006). 
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B. Presence of other hemoglobins  

� Hb A: individuals carrying α-thalassemic genes have a 

higher ratio of Hb A to Hb S than those who have four 

normal copies of α locus. Apparently the affinity of α-chains 

for βA-chains is higher than the affinity for βS-chains. 

Interaction of the α-thalassemic gene and the sickle gene 

also may influence the course of SCD. The lower 

corpuscular hemoglobin concentration in the red cells in α-

thalassemia would be expected to protect against sickling 

(Sharan et al., 2004). 

� Hb F: contrary to Hb a effect on SCD, fetal hemoglobin 

protects the red cell from sickling. It is distributed 

heterogeneously in the RBCs of an SS homozygote and 

those cells with the largest amount are least susceptible to 

sickling, presumably by inhibiting the formation of the 

sickle tubule, so hydroxyurea and butyrate compounds are 

used in the treatment as they resulted in increased levels of 

Hb F (Bank, 2006). 

The effect of Hb F in SCD may be due to modifying 

genes which might be exist on the X chromosome or on 

chromosome 6q (Wyszynski et al., 2004). 

C. Deoxygenation 

 Deoxygenation for a sufficient period of time is the most 

important factor determining the occurrence of sickling in a red 

cell containing Hb S. The degree of deoxygenation required to 
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produce sickling varies with the percentage of Hb S in the cells. 

Red cells from patients with SCA begin to sickle at an oxygen 

tension of about 40 torr. Changes that impair adequate 

oxygenation of the blood may be deleterious to any person 

whose red cells contain sickle hemoglobin (Beutler, 2006). 

 Hypoxemia also may result from flying in unpressurized 

aircraft. The oxygen content of the air may also be reduced 

during anesthesia or when using an artificial breathing 

apparatus, as in scuba diving. If pulmonary or cardiac function 

deteriorates (e.g., in pneumonia or cardiac failure), any 

resulting reduction in arterial oxygen tension may prove 

hazardous to a patient with SCD (Beutler, 2006). 

D. Vascular stasis and blood flow in the 

microvasculature 

The partial pressure of oxygen (PO2) level producing in 

vitro sickling of cells containing Hb S bears only an indirect 

relationship to clinical measurements of arterial and venous PO2. 

This is because the PO2 in the large peripheral vessels does not 

accurately reflect the oxygen tension in areas of vascular stasis, 

such as the sinusoids of the spleen; in which hypoxemia is 

common and sickling is likely to occur. For this reason, red cells 

in areas of vascular stasis are more vulnerable to sickling. Once 

sickling has occurred, increased blood viscosity results in further 

vascular stasis, further sickling, possible vascular occlusion, and 

infarction. This course of events leads to tissue death, manifested 

clinically as a painful crisis (Beutler, 2006). 
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 The adherence of sickle cells to the endothelium will 

impede blood flow and thereby increase capillary transit time, 

also contribute to vascular occlusion in SCD. Adherence of 

sickle cells to the endothelium may be increased due to some 

inflammatory mediators include: tumor necrosis factor-alpha 

(TNF-α), interferon-γ, interleukin-1beta (IL-1ß), vascular 

endothelial growth factor (VEGF) and histamine in addition to 

effects of hypoxia and reperfusion (Rosse et al., 2008). 

E. Acidosis 

Hydrogen ions produce a right shift in the oxygen 

dissociation curve, presumably by displacing the equilibrium 

between the high-affinity oxy conformation and the low-

affinity deoxy conformation toward the deoxy conformation of 

hemoglobin. Since it is the sickle hemoglobin that aggregates in 

the deoxy conformation, the lowered pH profoundly affects the 

sickling of red cells, even when the percent oxygenation is 

maintained at a constant level (Wang et al., 2011). 

F. Corpuscular hemoglobin concentration 

 Sickling of red cells is markedly influenced by the 

concentration of sickle hemoglobin in the cells. Suspending 

sickle cells in a hyperosmolar medium increases the 

intracellular hemoglobin concentration as the cell is 

dehydrated. This phenomenon may account in part for sickling 

in renal papillae. Marked dehydration results in both vascular 

stasis and hyper tonicity and can precipitate a crisis (Wang et 

al., 2011). 
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G. Infections 

The mechanism by which infection increases sickling is 

either by: fever, vomiting or diarrhea that produce dehydration; 

lack of food intake may produce acidosis; and hypoxemia may 

result from pneumonia, that are responsible for precipitation of 

crises in patients with SCD with infections. Pneumococcal 

infections are common in childhood while during adult life, 

infections with gram-negative organisms, especially Salmonella 

osteomyelitis in areas of bone weakened by infarction are more 

common (Toy et al., 2004). 

V. Forms of sickle cell disease 

The term 'SCD' is often used as a generic term to include 

SCA and other conditions in which a clinically significant 

disorder results from sickle cell formation and the associated 

pathological processes (Table 1). SCA (SS disease) is 

considered the prototype of the SCD and it is the most severe of 

these disorders. Heterozygosis for Hb S, referred to as sickle 

cell trait, is usually asymptomatic. Hb SC disease and sickle 

cell β-thalassemia tend to be milder, and Hb SD disease is the 

mildest of the group. However, there is a great deal of overlap 

in the severity of the clinical manifestations of these disorders. 

A major difference among these diseases is in their laboratory 

diagnosis (Bain, 2000). 
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Table (1): Subtypes of SCD: 

• Sickle cell anemia (homozygosis for Hb S) 

• Compound heterozygous states: 

o Sickle cell/hemoglobin A (Sickle cell trait) 

o Sickle cell/ hemoglobin C disease 

o Sickle cell/β thalassemia 

o Sickle cell/ hemoglobin D-Punjab 

o Sickle cell/ hemoglobin C-Harlem 

o Sickle cell/ hemoglobin S-Antilles 

o Sickle cell/ hemoglobin O-Arab 

o Hemoglobin S-Antilles/ hemoglobin C 

o Hemoglobin C/ Hemoglobin C- Harlem 

 (Bain, 2000) 

� Hb SS disease (homozygous SCD) 

Hb SS disease results from homozygosity for the βs 

gene. The red cells in SCA contain large amount of Hb S, 

amount of Hb F and normal or slightly raised level of Hb A2; 

the sickle cells are fragile, non-deformable and rapidly 

destroyed. The clinical and hematological manifestations of 

SCD are due to these two processes: severe hemolysis, 

vasoocclusion and infarction involving many tissues and 

organs. The development of hemolytic anemia parallels the 

declining level of Hb F postnatal and becomes obvious by 4 

months of age (Lane et al., 2012).  

Laboratory findings include: moderate to severe anemia 

with morphologic abnormalities (Howell-Jolly bodies, target 
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cells and irreversibly sickled cells). WBCs count is elevated, 

platelet (Plt) count is usually increased, and the bone marrow 

shows hypercellularity and erythroid hyperplasia. Serum 

ferritin, iron binding capacity and iron stores are normal unless 

repeated transfusions have been given (Lane et al., 2012). 

VI. Clinical Features of SCD 

The infant is protected during the first 8 to 10 weeks of 

life by the high level of fetal hemoglobin in the red cells. As the 

level declines, the clinical manifestations of SCD appear, and 

the hematologic manifestations become apparent by 10–12 

weeks of age (Isoa, 2009). 

The clinical manifestation of SCD are quite variable, but 

all are ultimately related to hemolytic anemia and vascular 

occlusion, every organ system in the body can be affected, 

clinical features may be divided in to acute and episodic crisis 

and chronic organ damage (Isoa, 2009). 

A. Acute and episodic crisis  

Many patients with SCA are in reasonably good health 

much of the time, achieving a steady-state level of fitness. This 

state of relative well-being is periodically interrupted by a crisis 

that may have a sudden onset and, occasionally, a fatal outcome. 

The early recognition and subsequent clinical assessment of sickle 

crises are greatly facilitated by familiarity with the patient's steady 

state. Various types of crises occur, and these may be classified as 
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follows: vasoocclusive (painful) crisis, aplastic crises, sequestration 

crisis and hemolytic crisis (Beutler, 2006). 

1. Vaso-occlusive Crisis (VOC) 

 Vasoocclusive crisis is the most common and the 

hallmark of the patient with SCD. The frequency with which 

such crises occur varies from almost daily to less than once per 

year. The VOC results from complex interactions between 

endothelium, plasma factors, leukocytes and ssRBCs leading to 

the obstruction of blood vessels. Tissue hypoxia occurs and 

ultimately leads to tissue death and localized pain. The pain is 

usually described as bone pain, although crises may involve 

virtually any organ. In young children, VOC most commonly 

manifest as dactylitis, a painful swelling of the hands, fingers, 

feet and toes (Yaster et al., 2010).  

Vasoocclusion is responsible for a wide variety of clinical 

complications of SCD, including osteomyelitis, osteonecrosis, 

splenic infarct, splenic sequestration, acute chest syndrome 

(ACS), abdominal crisis, stroke, papillary necrosis and renal 

insufficiency (Yaster et al., 2010).  

Myonecrosis (Necrosis of muscle) is unusual but has 

been documented. Infarction of cerebral vessels, leading to 

stroke, is the most serious type of vasoocclusive complication 

(Beutler, 2006). 

a) Hand and Foot syndrome 
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It's the term used to describe painful, swollen hands and 

feet accompanied by fever. It is most often seen in children 

younger than 4 years of age and is very uncommon after 7 

years of age because hematopoiesis in the small bones of the 

hands and feet ceases at this age. The syndrome develops 

suddenly and lasts 1-2 weeks (Schnog et al., 2004). 

 Osteomyelitis is the major differential diagnosis. 

Dactylitis is often the first clinical manifestation of sickle cell 

anemia. Sickle cell dactylitis probably results from limited 

avascular necrosis of marrow. Nearly half of children with 

sickle cell anemia suffer from this painful disorder, manifesting 

swelling of the dorsal surfaces of the hands and/or feet (Figure 

2) and may be complicated by premature closure of the affected 

epiphysis leading to shortened deformed bones. Environmental 

cold is considered an important precipitating factor (Schnog et 

al., 2004). 

 

Figure (2): Sickle cell dactylitis (hand-foot syndrome). Note the swelling of 
the right hand involving the thumb and first and second finger (Beutler, 2006). 


