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Introduction

INTRODUCTION

Hydroxyurea is considered to be the most successful
drug therapy for severe sickle cell disease (Gulbis et al., 2005).

Hydroxyurea has proven laboratory and clinical efficacy
for adult and pediatric patients. The laboratory benefits of HU
therapy include increases in the RBC fetal hemoglobin (HbF),
hemoglobin concentration and mean corpuscular volume
(Miller et al., 2001).

Clinically, Hydroxyurea reduces the frequency of vaso-
occlusive manifestations, and hence it decreases the incidence
of pain crisis, frequency of hospitalization, the episodes of
acute chest syndrome and overall mortality (Carache et al.,
1995).

Hydroxyurea therapy for a child with sickle cell anemia
or sickle beta thalassemia has many possible benefits as it
provides hope and help for improving quality of life and life
span (Weiner and Brugnana, 2003).

Significant effect on coagulation and natural inhibitors
has been shown recently (Koc et al., 2003).




Aim of the Work

AIM OF THE WORK

The aim of this work is to evaluate the effect of
Hydroxyurea on patients with sickle hemoglobinopathy (sickle
cell disease and sickle beta thalassemia) regarding the following
points:

1- Frequency of blood transfusion.
2- Frequency of pain crisis.
3- Frequency of acute chest syndrome.

4- Prothrombotic state.
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SICKLE CELL DISEASE

Definition:

Sickle cell anemia (SCA) is a genetic disease which
under certain circumstances causes the red cells to be shaped
like sickles, instead of the normal shape. This causes the cells to
become stuck in capillaries which deprives the body of oxygen
and causes ischemia and infarction of down stream tissues. The
disease usually occurs in periodic painful attacks eventually
leading to damage of some internal organs, stroke or anemia
and usually resulting in decreased life span (Charache et al.,
1995).

Pathophysioloy:

HbS polymerization:

HbS arises from a mutation substituting thymine for
adenine in the sixth codon of the beta-chain gene. This causes
coding of valine instead of glutamine in position 6 of the Hb
beta chain. The resulting Hb has the physical properties of
forming polymers under deoxy conditions. It also exhibits
changes in solubility and molecular stability. These properties
are responsible for the profound clinical expressions of the
sickling syndromes (Steinberg, 1999).

Under deoxy conditions, Hb S undergoes marked
decrease in solubility, increased viscosity and polymer
formation at concentrations exceeding 30 g/dL. It forms a gel-
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like substance containing Hb crystals called tactoids. The gel-
like form of Hb is in equilibrium with its liquid-soluble form. A
number of factors influence this equilibrium, including the
following:

« Oxygen tension
o Polymer formation occurs only in the deoxy state.
o If oxygen is present, the liquid state prevails.

« Concentration of hemoglobin S
o The normal cellular Hb concentration is 30 g/dL.
o Gelation of Hb S occurs at concentrations greater
than 20.8 g/dL.

« The presence of other hemoglobins

o Normal adult hemoglobin (Hb A) and fetal
hemoglobin (Hb F) have an inhibitory effect on
gelation.

o These and other Hb interactions affect the severity
of clinical syndromes. Hb SS produces a more
severe disease than sickle cell Hb C (Hb SC, and
Hb with one normal and one sickle allele (Hb SA)
(Bookchin and Lew, 1996).

After recurrent episodes of sickling, membrane damage
occurs and the cells are no longer capable of resuming the
biconcave shape upon reoxygenation. Thus, they become
irreversibly sickled cells (ISCs). From 5-50% of RBCs
permanently remain in the sickled shape (Goodman, 2004) .
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Hemolysis is a constant finding in sickle cell syndromes.
Approximately one third of RBCs undergo intravascular
hemolysis. Sickle-shaped RBCs are rapidly hemolyzed and
have a life span of only 10-20 days (Rodgers, 1997).

These physiological changes result in a disease with the
following cardinal signs: (1) hemolytic anemia, (2) painful
vasoocclusive crisis, and (3) multiple organ damage with
microinfarcts, including heart, skeleton, spleen, and central
nervous system (Bunn, 1997).

Sickle cell adhesion:

Vasoocclusion of small and some times large vessels is
the hallmark of sickle cell disease (SCD), accounting for much
of its morbidity and mortality. The hemoglobin polymerization
itself is not sufficient to account for the episodic nature of
vascular occlusion, there is emerging consensus that a key
contributor to vasoocclusion may be the increased tendency of
sickle red cells to adhere to vascular endothelium (Rosse et al.,
2000).

Vasooclusion can occur when transient time of red cells
through the capillaries is longer than the delay time for
deoxygenation. Hemoglobin  polymerization of sickle
hemoglobin, as adherence of sickle red cells to vascular
endothelium will impede blood flow thereby increase capillary
transient time, it has been suggested that increased cell
adherence can initiate and propagate vasooclusion (Rosse et al.,
2000; El Alfy et al., 2002).
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Factors such as inflammatory mediators that activate
endothelial cells and thereby enhance endothelial adhesivity of
sickle red cells thus have the potential to trigger vasoocclusive
episodes. A partial list of agonists that may alter endothelium
and play a role in sickle cell disease includes tumor necrotic
factor (TNF), interferon, interleukin-1B (IL-1B), vascular
endothelial growth factor (VEGF), thrombin, and histamine,
and the effects of hypoxia and reperfusion (Rosse et al., 2000).

Sickle cells express very late antigen (VLA)-4 on the
surface. VLA-4 interacts with the endothelial cell adhesive
molecule, vascular cell adhesive molecule (VCAM)-1. VCAM-
1 is upregulated by hypoxia and inhibited by nitric oxide(NO)
(Wick and Eckman, 1996). Recently, the important role of NO
in the pathophysiology of sickle cell disease has been
recognized such as increasing the oxygen affinity of HbS,
diminishing the expression and activity of adhesion molecules
and relieving vasoconistriction (El Alfy et al., 2002).

Recent studies have begun to delineate the molecular
interactions responsible for the adhesion of SS red cells to
endothelium (Figure 1). Reticulocytes, especially those from
patients with SS disease, have on their surface the integrin
complex «4P1, which binds to both fibronectin and VCAM-1, a
molecule expressed on the surface of endothelial cells,
particularly after activation by inflammatory cytokines such as
tumor necrosis factor o. In addition, both microvascular
endothelial cells and a subpopulation of sickle reticulocytes
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have CD36, which binds to thrombospondin secreted by
activated platelets. Thrombospondin also binds to sulfated
glycans on SS red cells (Bunn, 1997). In addition to
thrombospondin, several other plasma proteins, including very-
high-molecular-weight forms of von Willebrand factor (Kaul et
al., 1993), may make an important contribution to adhesion.
During inflammatory stress, the adhesion of SS red cells to
endothelial cells may be increased as a result of increases in the
above-mentioned plasma proteins as well as increased
expression of VCAM-1 on endothelial cells. Increased binding
of SS neutrophils to fibronectin may also contribute to vaso-
occlusive episodes (Kasschau et al., 1996).

Endothelial
cell Activated
platelat
Intlarmatory

ot okings

Sickle red
cell

SRR Thrombospondin(‘""d 3

Fibronectin

Masma

Fig. (1): Principal interactions responsible for the adhesion of a sickle red
cell to the microvascular endothelium. activation of platelets releases
thrombospondin, which can act as a bridging molecule by binding to a
surface molecule, CD36, on an endothelial cell and to CD36 or sulfated
glycans (SOs4 glyc) on a sickle reticulocyte. Inflammatory cytokines
induce the expression of vascular-cell adhesion molecule 1 (VCAM-1) on
endothelial cells. This adhesive molecule can bind directly to the ou B1
integrin on the sickle reticulocyte (Bunn, 1997).
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Table (1): Variants of Sickle Cell Disease and its diagnostic

tests:
) Serial : : Parents" usual
Hemoglobin complete Hematologic studies (9 months of age) phenotypes||
Sickle cell ||electrophoresis
variants || (<2 months of || 210 ; i [|[DNA
age)™ count, MC\/*xx Hemoglobin || Hemoglobin dot One Other parent
g reticulocyte Az (%)8 F(08 || ot ||parent
count
Hemolysis
Ho_mozygous and anemia
sickle cell usually by 6 || Normal or
disease, or Fs yoyont <36 <25 gs || AS AS
hemaglobin to 12 increased
SS disease months of
age
A on routine
electrophoresis
. A;>3.6 on
Hemolysis guantitative
o 0 and :ilnetr)ma electrophoresis
Sickle R°- usually by 6 AnS -
thalassemia FS t0 12 Decreased >3.6 <25 RAR AS ([Fincreased on
months of quantitative
age electrophoresis
MCV
decreased on
hemogram
A on routine
electrophoresis
angfr:ilglj or A2>3.6 on
. . o
Sickle 8 - FSA 1o anemia Normal or 536 <5 sl As quantltatlve_
thalassemia decreased electrophoresis
by 2 years
of age MCV
decreased on
hemogram
Mild
. anemia or
oo e | romema R M | as el as | oac
by 2 years P
of age

Quoted from (Wethers, 2000a)
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COMPLICATIONS OF SICKLE CELL
DISEASE IN CHILDHOOD

Complications of sickle cell disease are numerous, may
occur suddenly and can rapidly become severe. Vasoocclusive
crisis, pain, acute splenic sequestration crisis, aplastic crisis,
acute chest syndrome, stroke, infection, cholelithiasis and renal
disease are the major complications of this disease in children.
Some complications lend themselves to simple management,
whereas others, including aseptic necrosis of the hip, priapism
and leg ulcers, require prompt referral for specialized treatment
(Eckman, 1996).

Vasoocclusive Crisis

A vasoocclusive crisis occurs when the microcirculation
Is obstructed by sickled RBCs, causing ischemic injury to the
organ supplied. Pain is the most frequent complaint during
these episodes, and it is ischemic in origin. Recurrent episodes
may cause irreversible organ damage (Okpala, 1998).

Bones (eg, femur, tibia, humerus, lower vertebrae)
frequently are involved. Involvement with the femoral head
results in avascular necrosis. Vasoocclusive crisis can involve
the joints and soft tissue, and it may present as dactylitis or as
hand and foot syndrome (Aguilar et al., 2005).

When it involves abdominal organs, vasoocclusive crisis
can mimic an acute abdomen. With repeated episodes, the
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spleen autoinfarcts, and becomes fibrotic and functionless. The
liver also may infarct and progress to failure with time.
Papillary necrosis is a common renal manifestation of
vasoocclusion, leading to isosthenuria (ie, inability to
concentrate urine). VVasoocclusive crises can involve the lungs
e.g. acute chest syndrome (Lane,1996).

Central nervous system manifestations of vasoocclusive
crises including cerebral infarction (children), hemorrhage
(adults), seizures, transient ischemic attacks, cranial nerve
palsies, meningitis, sensory deficits, and acute coma.
Cerebrovascular accidents are not uncommon in children, and
they tend to be recurrent (Kirkham and DeBaun, 2004).

Skin ulceration, and retinal hemorrhages are frequent
complications of sickle cell vasoocclusive crises. Finally,
vasoocclusion may involve the corpus cavernosum, preventing
blood return from the penis and leading to priapism (Okpala,
1998).

Pain

Pain in sickle cell disease ranges from acute to chronic.
Some patients only have occasional episodes of acute pain; if it
IS managed adequately, they can cope well. Other patients have
more frequent episodes of pain; if it is not adequately managed,
it is considered to be chronic. Severe pain can occur in patients
as young as six months of age, and may continue throughout a
person's life (Preboth, 2000). The cause of acute pain includes
vaso-occlusive episodes, acute chest syndrome, and other
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