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Abstract
Background: There are about 95,000 Americans living with sickle cell disease. The illness can lead to a host of complications including painful vaso-occlusive episodes, acute chest syndrome, stroke, splenic and hepatic sequestrations, avascular necrosis, infection and pulmonary hypertension. Hydroxyurea therapy has been shown to be effective in reducing the number of complications in sickle cell disease, however this treatment is often underutilized.  
Objective: It is imperative that individuals with severe sickle cell disease are educated about the benefits and risks of the therapy in order to increase acceptance and adherence to the drug. This study seeks to identify the factors and quantitative characteristics that influence the pediatric patients’ caregiver’s decision to hydroxyurea acceptance and nonacceptance.
Methods: Eighteen pediatric patient medical records were analyzed in order to obtain information as to the quantitative factors that influence pediatric sickle cell patients’ caregiver’s decision to hydroxyurea acceptance and nonacceptance. 
Results: Both those who accepted hydroxyurea and those who did not accept hydroxyurea had overall high hemoglobin levels, low reticulocyte counts and normal platelet counts for individuals with sickle cell disease. The group of patients who did not accept hydroxyurea tended to have white blood cell counts above the normal range whereas patients who accepted hydroxyurea therapy tended to have normal white blood counts. 

Conclusions: After completion of the study and review of current literature it is made clear that new interventions are needed in order to increase knowledge about the benefits of hydroxyurea. An ideal intervention would be a targeted educational approach focused in the Health Belief Model that utilizes visual aids to explain the increase in healthy red blood cells that accompanies adherence to hydroxyurea. 
Public Health Significance: Sickle cell disease is a major public health concern because the frequent hospitalizations associated with the disease are costly. Annual medical costs for children with sickle cell disease averaged $15,000 in 2005 and from 1989-1993 there was an average of 75,000 hospitalizations for individuals with sickle cell disease costing nearly $475 million. Complications of sickle cell disease along with the high economic burden can be minimized with the use of hydroxyurea therapy. 
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[bookmark: _Toc418694466]introduction
Sickle cell disease is a chronic red blood cell disorder that affects nearly 1 in every five hundred African Americans and 1 in every 36,000 Hispanic Americans (Centers for Disease Control & Prevention, 2011). Individuals living with sickle cell disease experience serious negative health outcomes including painful vaso-occlusive episodes, acute chest syndrome, bacterial infections, stroke, and organ damage and failure. The aim of this paper is to examine the factors and quantitative characteristics that cause a caregiver to accept or not accept hydroxyurea therapy for their child with sickle cell disease. It is critical for public health and medical professionals to understand these factors in order to inform effective interventions to encourage hydroxyurea acceptance and adherence.  
Initially, background on sickle cell disease is provided including genotypes of sickle cell disease, molecular biology and the global impact of the disease. The paper then provides background on the acute complications of sickle cell disease including vaso-occlusive events, bacterial infections, acute chest syndrome, splenic and hepatic sequestrations, stroke and organ failure. Background is also provided on the chronic complications of sickle cell disease including cholecystitis, avascular necrosis, pulmonary hypertension and sickle cell disease retinopathy. Next, treatment options are described such as pain management, prophylactic blood transfusion, bone marrow transplant and hydroxyurea therapy. Following, a more detailed background on current acceptance and adherence of hydroxyurea therapy in adult and pediatric patients is discussed. The next section includes a description of the aims of the present study and the research methodology including rationale for the laboratory tests that were utilized. Medical records were analyzed to provide insight into the quantitative factors that influence acceptance and nonacceptance of hydroxyurea. The data collected from the medical records were analyzed and discussed. Trends in the data suggest that having multiple indications for hydroxyurea therapy including pain, acute chest syndrome or other severe vaso-occlusive event, caregiver employment status and caregiver age may influence hydroxyurea acceptance. Finally, limitations of the study are discussed as well as recommendations for future research and interventions including a Health Belief Model focused targeted education approach.
	

1.0  [bookmark: _Toc418694467]BACKGROUND
1. [bookmark: _Toc223733156][bookmark: _Toc418694468]SICKLE CELL DISEASE GENOTYPE
Sickle cell disease is a group of related genetic autosomal recessive red blood cell disorders (Genetic Science Learning Center, 2013). Healthy red blood cells contain normal hemoglobin, an iron containing protein that transports oxygen throughout the body (CDC, 2011). Sickle cells contain an abnormal form of hemoglobin with abnormal oxygen affinity that when deoxygenated causes red blood cells to become sickle shaped and rigid (Genetic Science Learning Center, 2013). These red blood cells can become trapped in small capillaries causing vaso-occlusive episodes that can result in a host of complications due to sickling in the vasculature and increased hemolysis due to increased red cell fragility (Frei-Jones, Baxter, Rogers, & Buchanan, 2008). 
The most common types of sickle cell disease are sickle cell disease SS, sickle cell disease SC, sickle cell disease hemoglobin S beta-zero thalassemia and sickle cell disease hemoglobin S beta plus thalassemia (CDC, 2011; NIH, 2002). Sickle cell disease SS and S beta-zero thalassemia are known to be the most severe types of disease (CDC, 2011). Normal hemoglobin contains two adult “A” hemoglobin genes (CDC, 2011). Sickle cell trait occurs when an individual inherits one sickle (S) cell gene from a parent and a normal (A) gene from the other parent (CDC, 2011). In sickle cell disease SS the abnormal sickle “S” hemoglobin gene is inherited from both parents (CDC, 2011). Hemoglobin SC is heterozygous sickle cell disease in which hemoglobin S is inherited from one parent and hemoglobin C is inherited from the other parent (CDC, 2011).
Sickle cell SC is known to be a milder form of sickle cell disease because there is less sickling of red blood cells (CDC, 2011). Sickle cell disease hemoglobin S beta-zero thalassemia is heterozygous sickle cell disease with one hemoglobin S gene and a beta-zero thalassemia gene (CDC, 2011). Sickle cell disease hemoglobin S beta-plus thalassemia is heterozygous disease that results from inheriting a hemoglobin S gene and a beta-plus thalassemia gene. Individuals living with hemoglobin S beta-plus thalassemia tend to experience a milder course of disease (CDC, 2011).
Acute chest syndrome, infection, pulmonary hypertension, avascular necrosis, myocardial infarction, organ damage and failure, blindness, priapism, stroke, skin ulcers, gallstones, transient red cell aplasia, splenic sequestration, papillary necrosis and renal failure are complications of sickle cell disease (National Institutes of Health (NIH), 2002(NIH, 2002; Vichinsky, 2001). Stress, anxiety and depression are comorbidities that result from the difficulties that come with living with a chronic condition (Madhi, Al-Ola, Khalek, & Almawi, 2010).  
1.1 [bookmark: _Toc223733157][bookmark: _Toc418694469]Molecular biology
Sickle cell disease is the result of a substitution mutation on chromosome 11 (Genetic Science Learning Center, 2013). Hemoglobin has four subunits; each subunit is made of long folded chains of amino acids called polypeptides (Genetic Science Learning Center, 2013; Berg, Tymoczko, & Stryer, 2002). The amino acid sequence governs the function of the protein and the chemical properties (Berg et al., 2002). Mammalian hemoglobin has four subunits made of two alpha subunits and two beta subunits (Genetic Science Learning Center, 2013). Sickle cell disease results when there is a mutation in the beta subunit in hemoglobin (Genetic Science Learning Center, 2013).  In normal hemoglobin A, glutamic acid is located at position 6, however, in hemoglobin S, glutamic acid is replaced by valine (Harvard University, 2002).
The amino acid change results in a deformation of the hemoglobin molecule and changes the way hemoglobin reacts when exposed to water which leads to an irregular shape and breaks in the hemoglobin S fibers (Berg et al.,2002; Josephsa, 1976). Normal hemoglobin forms a polymer, which is a molecular structure, built up of aligned hemoglobin molecules but sickle hemoglobin fibers disrupt polymer formation (Josephsa, 1976). This depolymerization causes sickle red blood cells to become fragile and more likely to rupture than healthy red blood cells (Josephsa, 1976). The severe anemia associated with sickle cell disease is known as hemolytic anemia and results from sickle red blood cells having a reduced life span of 10-20 days (Harvard University, 2002). This is in contrast to the 120 day lifespan of normal red blood cells (Harvard University, 2002). 
1.2 [bookmark: _Toc223733158][bookmark: _Toc418694470]Global impact of Sickle cell dISEASE 
1.2.1 [bookmark: _Toc418694471]Malaria and Ethnic Groups Affected
Sickle cell disease is present in individuals whose origin is Africa, India, the Caribbean Islands, the Melanesian Islands, Italy, Greece, Portugal, the Middle East, South America, Southeast Asia, Spain and Turkey (Vedro & Morrison, 2002; Weatherall & Clegg, 2001). Sickle cell disease originated in tropical regions, particularly areas along the Equator as a result of the protective nature of the sickle cell trait gene against malaria (Vedro & Morrison, 2002). Individuals with sickle cell trait are protected against malaria making sickle cell trait a survival advantage in malaria prone areas (Ringelhann et al., 1976; Vedro & Morrison, 2002). Most individuals living with sickle cell trait experience no symptoms of the disease and lead normal lives but they can pass the trait on to children (CDC, 2011).  Individuals with sickle cell disease are highly susceptible to the fatal effects of malaria because the infection makes the hemolytic anemia present in sickle cell more severe (Aneni, Hamer, & Gill, 2013; Harvard University BWH, 2002; Ringelhann, Hathorn, Jilly, Grant, & Parniczky, 1976; Vedro & Morrison, 2002). The low spleen function present in individuals with sickle cell disease causes them to have difficulty clearing the malaria parasite (Luzzatto, 2012 & McAuley et al., 2010)

[bookmark: _Toc226610081]Table 1. Disease Genotype by Country
	  SS

	India, Equatorial Africa & Middle Eastern countries

	  SC
	West African, Middle Eastern & Mediterranean countries

	  Sβ0
	North African, Southeast Asian, Middle Eastern, & Eastern Mediterranean countries

	  Sβ+
	Caribbean, Melanesian Islands & Mediterranean countries


Scanca Inc., 2013
1.2.2 [bookmark: _Toc418694472]Distribution and Prevalence 
The worldwide distribution of sickle cell disease today can be explained by migration patterns from countries with high prevalence rates of sickle cell trait to areas of lower prevalence (WHO, 2006). Sickle cell trait carriers are about 5% of the world’s population (WHO, 2006). Annually, between 300,000-400,000 infants are born with hemoglobinopathies worldwide including an estimated 200,000 infants born with sickle cell disease in Africa (Roberts & DeMontalembert, 2007; WHO, 2006). 
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[bookmark: _Toc114179880][bookmark: _Toc226610067]Figure 1. Prevalence of Sickle Cell Trait
Data from WHO, 2006, Alsaeed, 2012, Patel, 2011 & Modell et al., 2007
Map from warmus.com

In the United States it is estimated that there are 90,000-100,000 individuals living with sickle disease and one in 12 African Americans is a carrier of the disease (CDC, 2011). Sickle cell disease occurs in about one in every 500 African American births (CDC, 2011). In the United States about 65% of sickle cell patients have sickle cell disease SS, 25% have sickle cell disease SC, 8% have sickle cell disease beta plus thalassemia and 2% have sickle cell disease beta zero thalassemia (NIH, 2002). 

1.3 [bookmark: _Toc418694473]ACUTE coMPLICATIONS 
1.3.1 [bookmark: _Toc418694474]Painful Vaso-occlusive Episode
Many clinical manifestations of sickle cell disease result from vaso-occlusive episodes (NIH, 2002). Sickle cells become trapped in the vasculature due to their abnormal shape, and blood flow is compromised to vital organs decreasing the amount of oxygen delivered (Chinawa, Ubesie, Chukwu, Ikefuna, & Emodi, 2013). The low oxygen environment causes organ and tissue damage over time (Chinawa et al., 2013). 
Painful vaso-occlusive episodes are the most common reason for emergency room and hospitalizations in sickle cell disease patients (NIH, 2002; Platt et al., 1991). Vaso-occlusive pain commonly occurs in the ribs, sternum, vertebrae, arms, legs, abdominal region and sometimes in the skull bones (NIH, 2002). In sickle cell disease there are three different types of pain, acute pain, chronic pain and mixed pain (Benjamin, Dampier, & Jacox, 1999 ). Acute pain is the most common form described as pain that begins unpredictably and abruptly (Benjamin et al., 1999 ). Acute pain varies from mild achiness to severe incapacitating pain (Benjamin et al., 1999 ). Acute pain results from sickling in capillaries, causing ischemia, a restriction in blood supply to tissues (Benjamin et al., 1999 ). Generally acute pain can last for hours to a couple of days but in instances without adequate treatment acute pain may last weeks (Benjamin et al., 1999 ). Chronic pain is characterized as pain that persists for 3 to 6 months and is often a result of tissue and nerve damage or bone changes from compromised blood flow over time (Benjamin et al., 1999 ). Chronic pain can be incapacitating both mentally and physically (Benjamin et al., 1999 ). Pain is often characterized as mixed pain because it can be difficult to distinguish between acute pain and chronic pain (Benjamin et al., 1999 ). 
Painful vaso-occlusive episodes occasionally occur following an illness with symptoms including decreased energy, loss of appetite and increased jaundice but most painful vaso-occlusive episodes have no identifiable triggering factors (NIH, 2002). Acute pain in sickle cell disease commonly occurs in disease settings such as acute chest syndrome, dactylitis, priapism, vaso-occlusive events and splenic sequestration (Steinberg, 1999). Acute chest syndrome is a vaso-occlusive episode that results from increased red cell sickling in the pulmonary vasculature and can be precipitated by acute pain, asthma or infection (NIH, 2002). Dactylitis also known as hand foot syndrome is one of the earliest vaso-occlusive episodes and presents in infants and young children with tenderness and pain in the hands and feet (NIH, 2002; Thornburg et al., 2012). Dactylitis can occur with or without swelling of individual digits (NIH, 2002; Thornburg et al., 2012).  Priapism is a painful condition in which the penis maintains a long lasting erection that can occur with and without physical or sexual stimulation (Spycher & Hauri, 1986). Splenic sequestration is a painful condition that occurs when sickle cells become trapped in the spleen causing the organ to become inflamed and swollen with blood cells resulting in life-threatening anemia (Emonda et al., 1985). Neuropathic pain is often present in individuals with sickle cell but is inadequately diagnosed (Benjamin et al., 1999 ). Neuropathic pain results from damage to the somatosensory system and can present as numbness, “pins and needles” sensations, or itching (Benjamin et al., 1999). In sickle cell disease neuropathic pain can result from nerve infarction, compression from bone structures and iron overload neuropathy (Benjamin et al., 1999 ).
1.3.2 [bookmark: _Toc418694475]Bacterial Infection
Infection can be a major life-threatening complication for individuals with sickle cell disease (NIH, 2002). Fever is often the first sign of infection (NIH, 2002). Other signs of infection include loss of appetite, lethargy, irritability, chills, nausea and vomiting (NIH, 2002). Individuals with sickle cell disease are at increased risk of infection because the filtrative function of the spleen becomes impaired in the first months of life (Thompson et al., 2010). By five years of age 94% of children with sickle cell disease have functional aspenia, causing splenic function severely to be impaired including the ability to filter blood and combat infection causing encapsulated bacteria (Pearson, Gallagher, Chilcote, Sullivan, Wilimas, Espeland, & Ritchey, 1985). 
Children with sickle cell disease should be evaluated promptly once signs of infection begin, younger children are at greater risk and should be evaluated promptly by a healthcare professional (NIH, 2002). Patients require blood cultures and antibiotics because of the risk of pneumococcal sepsis, a potentially fatal systemic infection (NIH, 2002). Infection and fever in teenagers and adults is also serious, however, adults with sickle cell disease often know when they are experiencing symptoms and can take appropriate actions as compared to pediatric patients who are more challenging to assess because they cannot always describe symptoms due to communication barriers.   
Preventative measures such as routine vaccinations including the streptococcus pneumoniae vaccine and the influenza vaccine are in place to prevent infection in individuals with sickle cell disease (NIH, 2002). The streptococcus vaccination is usually given at two, four, and six months with an additional pneumococcal vaccination given at two years of age (NIH, 2002). These vaccines are well tolerated by children with sickle cell disease (NIH, 2002). Infection risk for children with sickle cell disease has been greatly reduced by the hemophilus influenza vaccine. In addition, individuals with sickle cell disease should receive annual viral influenza vaccinations because the immunity to seasonal strains of flu is particularly important for functionally asplenic individuals and viral infections are a risk factor for vaso-occlusive episodes and acute chest syndrome (NIH, 2002). 
Another preventive measure for infection in those living with sickle cell disease is penicillin prophylaxis. Penicillin has been instrumental in decreasing mortality among children with sickle cell disease in the United States. Penicillin prophylaxis is often regarded as the most important intervention in routine sickle cell management (NIH, 2002). Survival of children with sickle cell disease is attributed largely to the prevention of bacterial infections that would occur without the use of penicillin prophylaxis (Colonna & Ardjoun, 1986; NIH, 2002).  The recommended dosage of penicillin VK is 125 mg given twice daily for children two months to three years and 250 mg for children three years and older (NIH, 2002). This recommended dose has shown to prevent 80% of fatal complications of streptococcus pneumonia sepsis during childhood (NIH, 2002). A study found that for children with sickle cell disease ages six years and up penicillin prophylaxis provided no clinical benefit as compared to a placebo group, as a result the treatment is now commonly stopped by six or seven years, although some healthcare providers encourage penicillin prophylaxis into adulthood due to the low cost and beneficial effects of penicillin (Falletta, Woods, & Verter, 1995). For children who are allergic to penicillin, erythromycin ethyl succinate is an alternative for prophylaxis (NIH, 2002). Penicillin prophylaxis is recommended for children with sickle cell disease SS, SC, sickle cell disease beta zero thalassemia and those with sickle cell beta plus thalassemia (NIH, 2002). 
  
1.3.3 [bookmark: _Toc418694476]Acute Chest Syndrome
Acute chest syndrome is a vaso-occlusive event resulting from increased sickling in the pulmonary vasculature (NIH, 2002). Acute chest syndrome is diagnosed if there are at least three of the following: a new pulmonary infiltrate on a chest x-ray, chest pain, respiratory infection marked by fever, wheezing or cough and tachypnea or rapid breathing (Thornburg et al., 2012; & Vichinsky et al., 2000). Acute chest syndrome can be caused by encapsulated bacterial organisms, however, often the cause is multifactorial (Miller, 2011) Acute chest syndrome is the second most common reason for hospitalization as well as the most frequent complication of surgery and general anesthesia in sickle cell disease patients (Vichinsky et al., 1995). Children have a higher incidence of acute chest syndrome but have lower mortality compared to adults (Vichinsky et al., 2000). In children with sickle cell disease a fever may be the first sign of acute chest syndrome (NIH, 2002). Management of acute chest syndrome in a hospital setting generally includes antibiotics, supplemental oxygen, hydration with intravenous fluids, simple blood transfusion, and supportive care including pain control (Miller, 2011). Hydroxyurea therapy is the only treatment shown to prevent acute chest syndrome (Charache & Terrin et al., 1995 & Miller, 2011).
1.3.4 [bookmark: _Toc418694477]Splenic Sequestration
Splenic sequestration occurs when there is intrasplenic trapping of red blood cells which causes a fall in hemoglobin level that can lead to shock because of low oxygen in the body (NIH, 2002). Splenic sequestration can be defined as at least a 2g/dL decrease from the baseline hemoglobin concentration, increased red blood cell production and an increase in spleen size by 2 centimeters or more compared to a previous measurement (NIH, 2002; Thornburg et al., 2012). Splenic sequestration can occur with or without a decrease in platelet count and white blood cell count. Splenic sequestration results from repeated vaso-occlusive episodes that lead to spleen tissue death (NIH, 2002). Splenic sequestration episodes often occur in conjunction with bacterial infections (NIH, 2002). Symptoms of splenic sequestration include weakness, paleness, tachypnea, tachycardia an increased heart rate and abdominal fullness (NIH, 2002). Fever is commonly a first sign of splenic sequestration. Splenic sequestration is currently a leading cause of death among children with sickle cell disease but in adults the immune system has adapted to allow for the production of type-specific polysaccharide antibodies which recognize a wide variety of bacteria and viruses (NIH, 2002). Recurrent splenic sequestrations are common and occur in nearly 50% of individuals who survive a first sequestration; mortality for these patients is approximately 20% (Topley, Rogers, Stevens, & Serjeant, 1981).
1.3.5 [bookmark: _Toc418694478]Hepatic Sequestration
Acute hepatic sequestration is a result of vaso-occlusion in the liver and is characterized by an inflamed & swollen liver filled with red blood cells as well as a decrease in hemoglobin level and an increase in reticulocyte count (NIH. 2002). Hepatic sequestration can be accompanied by a steep rise in bilirubin level from a normal range of 4mg/ dl in sickle cell patients to 24 mg/dl (NIH, 2002). Right upper quadrant syndrome is most often associated with hepatic sequestration because of the pain in the right upper quadrant that results (Ahn, Li, & Wang, 2005; Bandyopadhyay, Bandyopadhyay, & Dutta, 2008; W. Norris, 2004). Recurrent episodes of hepatic sequestration are common (NIH, 2002). Management and treatment of hepatic sequestration can include simple transfusion, exchange transfusion and supportive care (NIH, 2002). Exchange transfusion is preferred because a simple transfusion can cause a rapid increase in circulating hemoglobin from the return of the sequestered blood cells to the circulation (Lee & Chu, 1996). The rapid return of blood cells can cause an increase in blood viscosity leading to fatal acute hyperviscosity syndrome (Lee & Chu, 1996).

1.3.6 [bookmark: _Toc418694479]Stroke
Stroke is a serious complication of sickle cell disease because the vaso-occlusion typical of sickle blood cells becomes trapped in the cerebral vasculature (NIH, 2002). These trapped cells inhibit blood flow and cause loss of brain function which can be permanent (Powars, Wilson, Imbus, Pegelow, & Allen, 1978). The incidence of stroke occurs four times more in individuals with sickle cell disease SS compared to those with sickle cell disease SC (Ohene-Frempong, 1998). Therefore, screening and prevention recommendations are targeted to individuals with sickle cell disease SS (Ohene-Frempong, 1998). Screening includes Transcranial Doppler tests which is an ultrasound of the cerebral blood flow or magnetic resonance imaging (MRI) of the brain (NIH, 2002).
A transient ischemic attack (TIA) differs from a stroke in that functional brain damage is reversible (Siket & Edlow, 2012). However, following a TIA there is a high risk of stroke occurring within the next 48 hours (Siket & Edlow, 2012). Signs of a TIA include seizures, unusual sensations or attentiveness, weakness on one side of the body, changes in vision and slurred speech (NIH, 2002). Children with sickle cell disease can have physiologic and anatomic irregularities in their central nervous systems even if these same children seem to be psychologically and neurologically normal (Powars, 2000). The central nervous system irregularities may present in cognitive functioning deficits such as in learning and behavior (Powars, 2000).  Children with sickle cell disease who have suffered from silent cerebral infarcts, a stroke with no outward symptoms are at increased risk for both TIA and a major stroke (NIH, 2002).
Children with sickle cell disease are at higher risk of stroke than adults with sickle cell disease because children have higher oxygen demands and combined with severe anemia the risk of stroke increases (NIH, 2002). Stroke prevention is broken down into primary prevention and secondary prevention (NIH, 2002). Primary prevention includes a Trans-Cranial Doppler test or MRI. (Adams, 1998).. Secondary prevention involves chronic blood transfusions in order to decrease the hemoglobin S level to less than 30 percent of the total hemoglobin in the body (Pegelow, 1995; Russell et al., 1984). Secondary prevention is done for patients who had an abnormal trans-cranial Doppler test and displayed high central nervous system blood flow velocity because this high blood flow has been shown to be associated with increased risk of stroke (NIH, 2002). 

1.3.7 [bookmark: _Toc418694480]Acute Multiple Organ Failure Syndrome
Multiple organ failure in sickle cell disease is a life threatening complication that can present without evidence of chronic organ damage (Hiran, 2005). Multiple organ failure in sickle cell disease is the concurrent failure of two or more organs involving the lungs, liver or kidneys (Hiran, 2005). Multiple organ dysfunction often occurs in patients during a vaso-occlusive episode that is particularly severe (Hiran, 2005). The organ failure syndrome can develop in patients who previously exhibited mild sickle cell disease (Hassell, Eckman, & Lane, 1994). Onset of multiple organ failure is often associated with fever, rapid fall in hemoglobin level and platelet count and an increase in lactate dehydrogenase (LDH), an enzyme that is released when tissue damage occurs (Hiran, 2005). Symptoms of multiple organ failure often resemble thrombotic thrombocytopenia purpura (TTP). TTP occurs when several blood clots form in small blood vessels damaging vital organs (Geigel & Francis, 1997). The fatality rate of multiple organ failure for two to three failing organs is 40-90% and 100% for four or more organs (Spanier et al., 1995). Treatment for multiple organ failure includes aggressive exchange transfusion therapy, hydration, supplemental oxygen, pain control, antibiotics and ventilator support (Hiran, 2005 ; Geigel & Francis, 1997). In cases when patients do not respond to conventional treatments plasma exchange therapy can be utilized and has an 86% survival rate in critically ill patients with sickle cell disease (Boga, Kozanoglu, Ozdogu, & Ozyurek, 2007; Geigel & Francis, 1997).
1.4 [bookmark: _Toc418694481]chronic coMPLICATIONS 
1.4.1 [bookmark: _Toc418694482]Cholecystitis
Cholelithiasis is the presence of stones made of bile in the gall bladder or common bile duct (Thornburg et al., 2012). These stones are commonly known as gallstones. The stones are the result of the chronic hemolysis associated with sickle cell disease and high bilirubin turnover (NIH, 2002). In sickle cell disease gallstones can appear in the gallbladder in patients as young as two to four years old (NIH, 2002). Nearly 30% of patients have gallstones by 18 years of age (NIH, 2002). Cholecystitis is an inflammation of the gallbladder caused by a build up of thick bile and gallstones (NIH, 2002). Symptoms of cholecystitis can include diarrhea, vomiting, nausea, fever, jaundice, and increased white blood cell count (NIH, 2002). Cholecystitis can also occur with intermittent or constant pain in the right upper quadrant (NIH, 2002). Cholecystitis can lead to secondary infection by organisms that live in the gut such as E. Coli. Serious infections can cause a perforation to form in the gallbladder and gall bladder rupture (Vorcick, Longstreth, & Zieve, 2011). Common treatment for symptomatic cholecystitis is laparoscopic cholecystectomy, the removal of the gallbladder through small incisions in the abdomen (NIH, 2002).
1.4.2 [bookmark: _Toc418694483]Avascular Necrosis
Avascular necrosis is a common and severe complication of sickle cell disease that is caused by poor blood circulation to the bone joints caused by vaso-occlusion and resulting in cell death (Hernigou et al., 2008). Without oxygen supply, bone tissue dies and changes shape (Hernigou et al., 2008; NIH, 2002). Avascular necrosis is marked by pain in the affected bones and joints. While the ailment can occur in any bone it most often occurs in the shoulder, knee and hip, especially at the end of long bones (Hernigou et al., 2008). A common replacement for avascular necrosis in sickle cell patients is total hip replacement (Hernigou et al., 2008).
1.4.3 [bookmark: _Toc418694484]Pulmonary Hypertension
 Pulmonary hypertension is defined as a mean pulmonary artery pressure above 25 mmHg (NIH, 2002). About 30% of individuals living with sickle cell disease have pulmonary hypertension (Gladwin & Vichinsky, 2008). Triggers of pulmonary hypertension are commonly thought to be sickle cell related vaso-occlusion in the pulmonary vasculature, chronic oxygen desaturation, pulmonary damage from acute chest syndrome and high pulmonary blood flow due to anemia that increases pressure in the arteries of the lungs (D'Aloya, 1992). Diagnosis of pulmonary hypertension is based on a variety of clinical findings including enlargement of the right ventricle on a chest x-ray, EKG or echocardiogram, increased intensity of the second heart sound and oxygen desaturation (NIH, 2002). The primary symptom of pulmonary hypertension is severe shortness of breath (Gladwin & Vichinsky, 2008). Pulmonary hypertension has severe effects in the short and long-term. In the short-term if pulmonary hypertension occurs suddenly there can be death from respiratory failure (Gladwin & Vichinsky, 2008). On the other hand, in the long-term pulmonary hypertension can cause a condition that causes the right side of the heart to increase in size which can lead to heart failure (Gladwin & Vichinsky, 2008).


1.4.4 [bookmark: _Toc418694485]Sickle Cell Disease Retinopathy
Sickle cell retinopathy is damage to the retina of the eye caused by sickle cells becoming trapped in the small vessels of the retina (Tantawy, Andrawes, Adly, el Kady, & Shalash, 2013). The trapped blood cells cause a decrease in blood flow leading to damage in the retina, bleeding in the eye and even blindness (Tantawy et al., 2013). Symptoms of sickle cell retinopathy include seeing floaters or floating particles across the field of vision, seeing flashes or dark shadows, blurred vision, sudden loss of vision or pain in the eyes or behind the eyes (Tantawy et al., 2013). Risk factors for sickle cell retinopathy include having SS disease, previous stroke, noncompliant hydroxyurea therapy and frequent painful vaso-occlusive episodes (Tantawy et al., 2013). Treatments for sickle cell disease retinopathy are laser treatments, injections to stop the blood vessels from being leaky and surgery (Tantawy et al., 2013).
4. [bookmark: _Toc418694486]Mortality
The frequency of sickle cell complications and the resulting tissue damage over time is a major contributor to morbidity and early mortality in sickle cell disease (Chinawa et al., 2013). Men with homozygous sickle cell S disease have a life expectancy of 42 years and women with homozygous sickle cell S have a life expectancy of 48 years (Platt, Thorington, & Brambilla, 1991). Men with sickle cell SC disease have a life expectancy of 60 years while women with the same type have a life expectancy of 68 years (Platt et al., 1991). 

1.5 [bookmark: _Toc418694487]TREATMENT OPTIONS
1.5.1 [bookmark: _Toc418694488]Pain Management
Medications given for mild to moderate pain are nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen, acetaminophen and opioids such as Tylenol with codeine, morphine and oxycodone (NIH, 2002). Caregivers of children with sickle cell disease and adults with sickle cell disease are taught by physicians to first treat sickle cell pain using NSAIDs, rest and heat such as hot baths or heating pads, drinking fluids, and distraction and relaxation techniques (NIH, 2002). If such methods do not alleviate the pain or the pain becomes more severe then caregivers and adult patients are instructed to utilize opioids to manage the pain (NIH, 2002). When home pain management is unable to relieve the pain then consultation with a physician or emergency room or day treatment center visit care becomes necessary (NIH, 2002). Proper acute pain management for patients with sickle cell induced vaso-occlusive episodes include intravenous opioids, intravenous fluids, NSAIDs, and supportive care measures to prevent other complications (NIH, 2002). In the hospital setting treatment of pain should be aggressive, should be reassessed frequently to adjust treatment for optimal relief and if possible should include patient-controlled analgesia pumps (Benjamin et al., 1999 ).
1.5.2 [bookmark: _Toc418694489]Infection Evaluation and Treatment
Evaluation for an individual with sickle cell disease with no known source of infection should include a complete blood cell count including reticulocyte count, oxygen saturation, chest x-rays, and urine and blood cultures (NIH, 2002). Treatment should begin with broad-spectrum antibiotics. Oral antibiotics and antimalarial treatment should also be given in parts of the world where malaria is endemic and infusion treatments may not be readily available (NIH, 2002).
	Treatment procedures vary based on the local protocols of the treatment center and sensitivity tests of antibiotics (NIH, 2002). Most antibiotic treatments are given as empiric therapies, before blood culture results are known (NIH, 2002). There is a lower threshold for empiric therapy for individuals with sickle cell disease because the functional asplenia (NIH, 2002). Quick treatment of infections is especially important in children with sickle cell disease because the risk of death from streptococcus pneumonia sepsis is high (Chesney, 1995; NIH, 2002). If children with sickle cell disease present with a fever below 40 degrees Celsius but also have a history of sepsis or have a hemoglobin level of below 5g/dL or have a platelet count of less than 100,000/µl or have a white blood cell count below 5,000/µl or greater than 30,000/µl then the child must be urgently treated with parenteral antibiotics (NIH, 2002; Williams et al., 1996). Children with sickle cell disease who present with a fever below 40 degrees Celsius but have normal chest x-rays and baseline complete blood cell count (CBC) levels can be treated with antibiotics and discharged home for observation under the conditions that the caregivers of the child are trained and compliant with the child’s treatment and medication regime, the child has been stabilized for three hours following antibiotic administration and a 24 hour follow up assessment is in place (NIH, 2002; Williams et al., 1996). 
1.5.3 [bookmark: _Toc418694490]Prophylactic Blood Transfusion
Prophylactic blood transfusion is used as a preventive intervention to prevent stroke in children (NIH, 2002). Sickle cell patients require leukocyte poor, antigen-matched blood in order to minimize the incidence of negative transfusion reactions (Steinberg, 1999). Individuals who receive prophylactic blood transfusions may develop iron overload due to the 250 milligrams of iron contained in each unit of blood and the body can only excrete iron in tiny 1 milligram amounts each day (Iron Disorders Institute, 2009). Chelation therapy becomes a necessity to remove the iron and avoid damage to vital organs in all patients receiving chronic transfusions (Iron Disorders Institute, 2009). Chelation therapy is available as intravenous infusions subcutaneously and orally (Iron Disorders Institute, 2009).  Iron chelating agents bind to iron to excrete it in the urine (Iron Disorders Institute, 2009). 
1.5.4 [bookmark: _Toc418694491]Bone Marrow Stem Cell Transplant
All red blood cells are made in the bone marrow. In individuals living with sickle cell disease the bone marrow is where sickle cells are made. In order to prepare for a bone marrow transplant  chemotherapy must be given to destroy the patient’s bone marrow, stem cells and immune system (St Jude Children’s Hospital, 2009). The chemotherapy treatment is performed in order for the patient to accept the new donor blood as their own. The donor can be from an individual with normal hemoglobin or sickle cell trait. Bone marrow transplant is the only treatment available today that can cure sickle cell disease (St Jude Children’s Hospital, 2009). Possible risks of bone marrow transplant include infection, graft-versus-host disease in which the immune cells of the donor attack the patient’s cells, low blood counts and infertility as a result of the chemotherapy (St Jude Children’s Hospital, 2009).
1.5.5 [bookmark: _Toc418694492]Hydroxyurea Therapy
Hydroxyurea is a chemotherapeutic agent that has been shown to minimize complications of sickle cell disease by increasing hemoglobin level, fetal hemoglobin level and mean red blood cell volume through an unknown mechanism (Kinney, et al., 1999). Hydroxyurea therapy has been shown to be in effective treatment in reducing the number of complications in sickle cell disease because of the drug role in increasing fetal hemoglobin (Charache et al., 1992; Dover et al., 1986). Studies have shown that individuals with high fetal hemoglobin levels experience fewer complications due to sickle cell disease and improved survival (Platt et al., 1994). A double-blind placebo controlled study using hydroxyurea therapy in adult sickle cell disease patients found a 45% reduction in acute chest syndrome, 44% reduction in pain, 30% reduction in need of acute blood transfusion and reduction in hospitalizations (Charache et al, 1995). The Multicenter Study of Hydroxyurea (MSH Study) was a randomized, double-blind, placebo-controlled clinical trial in adults with sickle cell disease ages 18 to 50 that demonstrated the ability of the drug to prevent vaso-occlusive painful episodes and acute chest syndrome (Charache & Terrin et al., 1995). The MSH Study also found that individuals with sickle cell disease on hydroxyurea therapy have reduced mortality after nine years of follow-up (Charache & Terrin et al., 1995).
1.6 [bookmark: _Toc418694493]HYDROXYUREA in pediatrics
Although hydroxyurea had been shown to be safe and efficacious in adult patients with sickle cell disease there were concerns about toxicity in children including impaired growth and risk of cancer (Kinney et al., 1999). A study using HUG KIDS data found that hydroxyurea use in children with sickle cell disease had no adverse effect on height, weight or pubertal development (Wang, et al., 2002). Another concern in administering hydroxyurea to children with sickle cell disease is the risk of neutropenia, a reduction in neutrophils, a specific type of white blood cell that aids in fighting bacterial infections (Kinney et al., 1999). The BABY HUG study was a randomized, double-blind placebo-controlled trial that examined whether administration of 20 mg/kg/day of liquid hydroxyurea preparation administered to children ages nine to 17 months for two years would decrease spleen and kidney organ damage by 50% (Thompson et al., 2010). The BABY HUG study found that infants on hydroxyurea experienced less hospitalizations, had significantly lower TCD velocity and lower incidence of acute chest syndrome, transfusions, pain and dactylitis (Thornburg et al., 2012). A randomized trial in children with sickle cell disease showed that the number of hospitalizations within a year was reduced for children taking hydroxyurea as compared to children taking a placebo (Segal, 2008). 
The original HUSOFT study was conducted in infants ages six to 24 months and demonstrated that hydroxyurea was well tolerated in infants prompting the HUSOFT extension study in which patients stayed on the drug for an additional four years (Hankins, Ware, Rogers, Wynn, Lane, Scott, & Wang, 2005). Results of the HUSOFT study found that after four years participants displayed increased hemoglobin concentration, fetal hemoglobin level, mean cell volume and decreased platelet count, reticulocyte count and white blood cell count (Hankins, et al., 2005). The HUG KIDS Study attempted to find a maximum tolerated dose of hydroxyurea for children ages five to 15 years with severe sickle cell disease (Kinney et al., 1999). Results of the HUG KIDS study showed that 80% of participants achieved maximum tolerated dose and at six months there were statistically significant increases in hemoglobin level and fetal hemoglobin level as well as decreases in reticulocyte count, white blood cell count, absolute neutrophil count, platelet count, total bilirubin and lactate dehydrogenase (Kinney et al., 1999).
In a comprehensive review of barriers to sickle cell therapies and treatments a study found negative provider attitudes as a recurring barrier (Haywood, 2009). Another study found that while 81% of hematologists surveyed were aware of the National Heart, Lung, and Blood Institutes recommendations of hydroxyurea for adult patients with severe sickle cell disease only 45% of hematologists reported prescribing hydroxyurea to every eligible patient (Lanzkron, Haywood, Hassell, & Rand, 2008). In recent literature adult patients have been studied to better understand the beliefs that cause a patient to utilize or not utilize hydroxyurea therapy. A study examining attitudes towards hydroxyurea of current users, past users and nonusers found that 85% of nonusers believed that there would be no improvement in sickle cell symptoms, 70% of current users reported average or above average improvement and 57% of former users stopped treatment because of the way the drug made patients feel (Haywood, Beach, Bediako, Carroll, Lattimer, Jarrett, & Lanzkron, etal., 2011). Parents of sickle cell disease patients ages five to 17 were surveyed in order to understand reasons why hydroxyurea therapy was underutilized as well as what concerns parents had regarding the drug (Oyeku et al., 2013).  The study found that the most common reason for not having their child on hydroxyurea therapy was that it was not offered by their hematologist (Oyeku et al., 2013). Other reasons cited in the study for hydroxyurea nonaccpetance were feeling that their child was not sufficiently symptomatic and concerns about toxicity and other side effects (Oyeku et al., 2013). The study found that factors like parent education level were not correlated with hydroxyurea use but better parent knowledge of hydroxyurea was correlated to hydroxyurea use (Oyeku et al., 2013). Yet there have been no studies done to identify the caregiver barriers and facilitators to acceptance of hydroxyurea therapy for pediatric sickle cell patients. However, there have been no quantitative studies conducted in order to provide insight into the caregiver’s decision to hydroxyurea acceptance and nonacceptance in the pediatric sickle cell patient population.
1.7 [bookmark: _Toc418694494]AIMS OF PRESENT STUDY
The aim of this paper is to examine the factors influencing the pediatric patients’ caregiver’s decision to hydroxyurea acceptance and nonacceptance. Medical records of pediatric patients with sickle cell disease who are followed by the Sickle Cell Clinic at the Children’s Hospital of Pittsburgh of UPMC were analyzed in order to identify the quantitative characteristics that cause a caregiver to accept and adhere to hydroxyurea therapy for their child. The study also seeks to identify whether the caregivers perception of the pediatric patient’s disease severity matches the information within the medical record. The quantitative data will give insight into disease severity of the pediatric patients in order to observe whether there is a correlation between more severe disease and higher prevalence of hydroxyurea therapy acceptance and usage. The hypothesis is that the caregiver’s perception of their child’s sickle cell disease severity is highly influential on the decision to accept and adhere to hydroxyurea therapy. It is also hypothesized that pediatric patients who accept hydroxyurea experience less hospitalizations in the last six months. Another likely contributing factor to the acceptance or nonacceptance of hydroxyurea is the caregiver’s level of understanding of the risks and benefits of hydroxyurea.
2.0  [bookmark: _Toc418694495]METHODS
2. [bookmark: _Toc418694496]study design

The present study is a part of a larger project being done at the Children’s Hospital of Pittsburgh by Principal Investigator Susan Creary MD. This paper focuses on the quantitative analysis component of the larger project. Dr. Creary obtained approval from the Institutional Review Board. In order to analyze both the qualitative and quantitative projects the author obtained the Pennsylvania Child Abuse History Clearance, Pennsylvania Department of Public Welfare Federal Bureau of Investigation Child Abuse History Clearance and the Pennsylvania State Police Criminal Record Check Clearance. CERNER is the software used by the Children’s Hospital of Pittsburgh of UPMC to view patient medical records. In order to accurately perform patient medical record review the author attended a CERNER training session. 
Eligibility criteria for participation in the study included being the adult caregiver of a patient with severe sickle cell disease who received care at the Children’s Hospital of Pittsburgh. Caregivers were defined as biological, adoptive, foster, grandparents or being the legal medical decision maker of a pediatric sickle cell patient. Severe sickle cell disease was defined by standards from the HUG KIDS study to be any combination of three or more painful vaso-occlusive episodes or acute chest syndrome episodes in the past year (Kinney et al., 1999). Dr. Creary and the Pediatric Sickle Cell Team reviewed the patient registry and the hydroxyurea registry at the Children’s Hospital of Pittsburgh to determine which patients were potentially eligibile. Criteria for inclusion in the study included being a patient between 2-18 years of age with severe sickle cell disease. The Principal Investigator sent recruitment letters to all patients who were identified as potential study participants and followed up by phone to recruit patients. Dr. Creary obtained informed consent over the phone and qualitative interviews with caregiver participants were all conducted over the phone. The Principal Investigator also obtained informed consent for release of patient medical records. Confidentiality was maintained by linking participants to study identification numbers.
2. [bookmark: _Toc418694497]DaTa collection

Quantitative data collection included recording data from medical records onto data collection sheets. The data collection sheet created by Dr. Creary can be seen in Appendix A. Medical records were reviewed from six months prior to the phone interview date. The six month time frame was chosen because it was hypothesized that six months would be an appropriate time period for caregivers to recall patients’ disease severity and complications. The medical record was used to obtain patients’ disease type, demographic information, laboratory information, and disease course during the six months prior to the caregiver interview. Demographic variables collected included patient age, patient gender, and residence of the patient in relation to caregiver’s residence. Demographic information about caregivers was obtained as a survey at the end of each qualitative interview.

Healthcare provider documentation including physicians and nurse practitioner notes were recorded from the medical record to determine whether the patient was currently on hydroxyurea or not, indication for hydroxyurea therapy, date hydroxyurea was first offered, the length of time hydroxyurea was offered and if hydroxyurea was ever prescribed, ever prescribed and discontinued and reason for the discontinuation. If a method for offering hydroxyurea was noted in the medical record this information was recorded. Methods for offering hydroxyurea included a brochure or pamphlet being given to a caregiver or instructions to read a hydroxyurea study and come to the follow-up appointment with questions. 
Laboratory information was recorded on the data collection sheet because certain laboratory tests serve as indicators of hemolysis such as lactate dehydrogenase (LDH), reticulocyte count, platelet count, mean corpuscular volume (MCV), total bilirubin and hemoglobin concentration. In addition, there are certain laboratory data that must be carefully monitored when a patient is prescribed hydroxyurea such as white blood cell count, absolute neutrophil count (ANC) and fetal hemoglobin level. For these reasons lab data including white blood cell count, hemoglobin level, platelet count, MCV, ANC, fetal hemoglobin, LDH, reticulocyte count and total bilirubin were recorded by the author using the data collection sheet  recorded was    ’      ’    f     r’   w
 F  ,in addition to the most recent  there also data     
wereze laboratory data and factors influencing hydroxyurea acceptance. 
2. [bookmark: _Toc418694498]Hemolysis indicators and rationale for use
Monitoring markers of hemolysis is of the utmost importance in sickle cell disease because of the frequency of hemolytic anemia and resulting complications. Therefore laboratory testing for sickle cell patients often includes indicators of hemolysis such as lactate dehydrogenase (LDH), hemoglobin concentration, reticulocyte count, platelet count, mean corpuscular volume (MCV) and total bilirubin. Lactate dehydrogenase is an enzyme found in all tissues in the body and at elevated levels is indicative of tissue damage and cell deterioration (Ballas, 2013). LDH is usually elevated in sickle cell patients but can elevate even further during vaso-occlusive episodes (Ballas, 2013). An increased level of LDH upon presentation to the hospital for vaso-occlusive episode is associated with severe negative health outcomes (Ballas, 2013). 
Hemoglobin is an indicator for hemolysis because as red blood cells are broken down hemoglobin concentration decreases.  In this study the cut off for hemoglobin level was set at the severe anemia level of <7g/dL (Thornburg et al., 2012). Reticulocyte and platelet count are also indicators of hemolysis and sickle cell disease severity as both blood counts often increase during vaso-occlusive episodes (van der Sar, 1970). Reticulocytes are immature red blood cells and increased production of these cells is associated with an increased risk of sickle cell complications (van der Sar, 1970). Platelets are cell fragments that aid in blood clotting. Individuals with sickle cell disease have low spleen function and therefore have increased platelets in circulation and increased blood clot formation because the spleen does not filter out the platelets as it does in healthy individuals (Kenny, George, & Stuart, 1980). In this study the cut off for reticulocyte count was set at 12% because individuals with sickle cell disease often have elevated reticulocyte counts far above the normal range of 0.5 to 2% (van der Sar, 1970). Platelet count cut off was set at 300,000mcL in order to identify patients with high level and those with acceptable levels because the cut off falls in the normal range of 150,000-400,000 mcL (Kenny, George, & Stuart, 1980).
Mean corpuscular volume (MCV) commonly known as mean cell volume is the mean size of red blood cells (Wintrobe, & Greer, 2009). The cut off for MCV was 90 fL because the normal range is between 78 and 98 fL, however, individuals with sickle cell can have increased MCV from a retention of blood plasma due to rigidity of blood cells as well as decreased MCV due to sickling and red blood cell death (Wintrobe, & Greer, 2009). Total bilirubin is another indicator for hemolysis because it is a byproduct released during red blood cell death (Hargrove, 1970). Hyperbilirubinemia is a high level of bilirubin that can occur with increased hemolysis from a vaso-occlusive event (Hargrove, 1970).
Due to the risk of toxicity and risk of infection due to neutropenia or low neutrophil count as a result of hydroxyurea therapy, white blood cell count (WBC) and absolute neutrophil count must be closely monitored when a patient is prescribed hydroxyurea. The cut off for white blood cell count in this study is 11k/ul because the normal range for white blood cell count is 4,500 to 10,000k/ul allowing for abnormally high levels to be distinguished. This distinction is important because white blood cell counts higher than 15,000k/ul are associated with early death (Lard, Mul, de Haas, Roos, Duits, 1999). The improved health outcomes in sickle cell patients due to hydroxyurea are thought to be attributed to the increased fetal hemoglobin level, therefore the concentration of fetal hemoglobin was recorded to determine effectiveness of the therapy (Kinney, et al., 1999). A high level of fetal hemoglobin in individuals with sickle cell disease is considered to be >8g/dL (Dover, G., et al., 1992).

2. [bookmark: _Toc418694499]sample

Eighteen pediatric patient medical records were reviewed in order to collect information necessary to complete the data collection sheets. Seven patients were offered hydroxyurea therapy and did not accept the therapy. Eleven of the patients were prescribed hydroxyurea. The sample size for pediatric patients’ caregivers did not accept hydroxyurea was ten and there were 11 pediatric patients’ caregivers who were currently being prescribed hydroxyurea therapy. Medical record review occurred over a two-month period (January-February 2013). Patient record review occurred approximately eight months after Dr. Creary performed phone interviews with caregivers. 

3.0  [bookmark: _Toc418694500]RESULTS
3. [bookmark: _Toc418694501]DESCRIPTIVE ANALYSIS

Eighteen pediatric sickle cell patients, 11 males and seven females, ages two to 18 years (mean age = 9.5) were included in the study. Twenty-one adults were included as caregivers in the study. The pediatric sickle cell patients’ caregivers who were currently prescribed hydroxyurea consisted of 11 adults, ages 24-45 with a mean age of 33 years. The group of patients’ caregivers who did not accept hydroxyurea consisted of ten adults, ages 27-67 with a mean age of 40.5 years. There were four patients’ caregivers who did not accept hydroxyurea who did not want to disclose their age during the interview. More than half of the patients in this study were currently prescribed hydroxyurea (61%). Thirty nine percent of patients in this study have been offered hydroxyurea but did not accept the treatment. There was no statistically significant differences in demographic data between the caregivers of patients who were prescribed hydroxyurea and those who declined hydroxyurea therapy. However, there are noteworthy trends between the two groups (Table 2). 
Both groups of patients had hemoglobin levels above 8 g/dL. Table 3 demonstrates that 64% of patients prescribed hydroxyurea therapy have platelet counts in the normal range and below 300,000 mcL with only one patient being above the normal range. Seventy-one percent of patients not prescribed hydroxyurea have platelet counts above 300,000 mcL but only two patients in this group are above the normal range. Table 3 also shows that 86% of patients not prescribed hydroxyurea have white blood cell counts above 11 k/ul which is higher than the normal range compared to only 45% of patients currently on hydroxyurea with a white blood cell count above 11 k/ul. Although not statistically significant, patients who accepted hydroxyurea tended to be younger patients than those who did not accept hydroxyurea.
Characteristics of both caregivers and patients are shown in Table 4. Although the ages of the two groups were not statistically different, the patients’ caregivers who accepted hydroxyurea tended to be younger. The data show that patients’ caregivers who rejected hydroxyurea therapy were more likely to be unemployed, having a higher unemployment rate of 77.8% caregivers unemployed compared to 27.3% unemployment for patients’ caregivers who accepted hydroxyurea therapy. Table 5 shows the available most recent laboratory data for WBC, Hbg, platelets, MCV, ANC, HgbF, bilirubin and reticulocyte count in all pediatric patients. There was no statistically significant difference in bilirubin between the two groups as bilirubin was slightly elevated in both. Fetal hemoglobin level was recorded in four patients who accepted hydroxyurea and three of the four had high fetal hemoglin levels for individuals with sickle cell disease. Absolute neutrophil count was greater than 2000 mm3 for 100% of patients who accepted hydroxyurea and for 90% of those who did not accept hydroxyurea. ANC was not statistically different between the two groups but patients who accepted hydroxyurea tended to have lower absolute neutrophil counts, however, none of the patients fell below 1500 mm3. For a majority of patients who did not accept hydroxyurea there is missing laboratory data. This is because patients who are not prescribed hydroxyurea are not required to have lab tests done as frequently, and therefore, are more likely to have missing lab data. Hospitalization data for the six months prior to caregiver phone interviews is shown in Table 6. It is important to note that although the sample size is smaller for the group not prescribed hydroxyurea there are more hospitalizations and episodes of acute chest syndrome for this group than for the group of patients that accepted hydroxyurea. Patients who did not accept hydroxyurea tended to be hospitalized more frequently than patients who did accept hydroxyurea.
Of the 18 caregivers who were offered hydroxyurea therapy for their child with sickle cell disease the method in which hydroxyurea was offered was noted in the medical record for 8 patients. Six caregivers were offered hydroxyurea therapy using a brochure that explained the risks and benefits of the therapy. Two caregivers were offered hydroxyurea therapy using a brochure as well as being instructed to read about the BABY HUG study and come to their follow-up appointment with questions. Of the caregivers offered hydroxyurea therapy using a brochure, three expressed interest in the therapy and accepted while the fourth caregiver felt their child’s pain was well managed and that the risks of hydroxyurea were not justified. A fifth caregiver who was offered hydroxurea via brochure expressed interest in the therapy at first but later became resistant to the idea of starting the therapy. One of the caregivers who was offered hydroxyurea using a brochure and instructed to read the BABY HUG study expressed initial interest in the therapy, then became reluctant to begin their child on the therapy but after doing research asking questions during clinic visits the caregiver did accept hydroxyurea therapy for their child and seemed very knowledgeable about the side effects and what to expect as their child began the therapy.


[bookmark: _Toc226610082]Table 2. Patient Characteristics
	Study ID
	HU Status
	Genotype
	Sex
	Age
	HU Need
	Months Offered

	PT01
	No
	SC
	M
	5
	Pain
	3

	PT02
	No
	SS
	M
	9
	Pain
	5

	PT03
	No
	SS
	F
	15
	Pain
	0

	PT04
	No
	SS
	M
	5
	Pain and ACS
	9

	PT05
	Yes
	SS
	F
	2
	Fever
	3

	PT06
	Yes
	SC
	M
	8
	ACS
	5

	PT07
	No
	SS
	M
	18
	Pain and ACS
	23

	PT08
	No
	SC 
	F
	14
	Unknown
	1

	PT09
	No
	SS
	F
	12
	Pain and ACS 
	4

	PT10
	Yes
	SS
	F
	17
	Pain ACS TIA
	6

	PT11
	Yes
	SS
	M
	12
	Pain and ACS
	8

	PT12
	Yes
	SS
	M
	10
	Pain and ACS
	1

	PT13
	Yes
	SS
	M
	7
	ACS
	Unknown

	PT14
	Yes
	SS
	F
	5
	Pain and ACS
	2

	PT15
	Yes
	SS
	M
	8
	ACS & hypoxia
	1

	PT16
	Yes
	SS
	M
	4
	Pain and ACS
	1

	PT17
	Yes
	SS
	F
	6
	Pain ACS SSeq
	1

	PT18
	Yes
	SS
	M
	14
	Pain and ACS
	2


Note ACS = acute chest syndrome, pain = painful vaso-occlusive event, TIA = transient ischemic attack and SSeq = splenic sequestration.



[bookmark: _Toc226610083]Table 3. Laboratory Tests of Patients who were offered HU therapy
	Laboratory Test
	Patients not prescribed HU 
(n=7)
	Patients 
prescribed HU 
(n= 11)

	Hemoglobin* 
     <7 g/dL
     ≥7 g/dL
	
0
7
	
0
11

	WBC*
     <11 k/ul
     >11 k/ul
	
1
6
	
6
5

	Platelets*
     <300,000 mcL
     ≥300,000 mcL
	
2
5
	
7
4

	MCV*
     <90 fL
     ≥90 fL
	
7
0
	
2
9

	Reticulocyte*
     <12%
     ≥12%
     unknown
	
4
1
2
	
7
2
2

	ANC*
     <2000 mm3
     >2000 mm3
       unknown
	
0
7
0
	
1
9
1


*drawn at most recent laboratory draw










[bookmark: _Toc226610084]Table 4. Characteristics of patients and caregivers who were offered HU therapy
	Variables
	Patients not prescribed HU 
(n=7)
	Patients 
prescribed HU 
(n= 11)

	Patient Age (years)
     Mean (SD)
     Range 
	
     11.1 (±5.0)
5-18
	
       8.5 (±4.5)
2-17

	Genotype
     SS
     SC 
     Sβ+
     Sβ0
	
5
2
0
0
	
           10
1
0
0

	Indication for HU therapy
   ACS only
   Pain only
   Pain and ACS
   Other
	
0
3
3
1
	
2
0
6
3

	Length of time HU Offered 
     <6 months
     >6 months
     unknown
	
5
2
0
	
8
2
1

	CAREGIVERS
	N=10
	N=11

	Caregiver Age (years)
    Mean (SD)
     Range 
     Unknown (n)
	
   40.5 (±16.4)
        27-67
4
	
33 (±7)
24-45
   0

	Caregiver Education
            <12th grade (n)
           High school (n)
 Associates Degree (n)
   Bachelors (n)
	
2
2
3
4
	
0
4
4
3

	Caregiver Employed
    Yes
    No
   Unknown
	
2
7
1
	
8
3
0








[bookmark: _Toc226610085]Table 5. Most Recent Lab Data at Presentation
	Study ID
	WBC
	Hgb
	Platelets
	MCV
	ANC
	HgF
	LDH
	Bilirubin
	Reticul

		Not on HU



	
	
	
	
	
	
	
	
	

	PT01
	6.5
	11.2
	271
	79.1
	3.38
	NA
	NA
	1.6
	2.1

	PT02
	11.9
	7.1
	336
	84.7
	3.45
	NA
	NA
	4.5
	8.0

	PT03
	11.7
	10.8
	336
	84.4
	6.66
	NA
	NA
	NA
	13.9

	PT04
	12.7
	10.2
	412
	85.9
	8.25
	NA
	NA
	NA
	8.9

	PT07
	19.6
	10.8
	675
	84.2
	11.5
	NA
	NA
	NA
	5.4

	PT08
	11.3
	9.6
	136
	80.0
	8.92
	NA
	NA
	1.1
	NA

	PT09
	13.1
	9
	306
	89.3
	5.89
	NA
	NA
	1.8
	NA

	On HU
	
	
	
	
	
	
	
	
	

		PT05



	14.7
	7.6
	393
	93.5
	NA
	18.1
	NA
	NA
	NA

	PT06
	10.8
	10.7
	381
	82.8
	3.77
	NA
	276
	0.7
	4.6

	PT10
	8.4
	9.8
	275
	117.3
	4.78
	NA
	305
	2.0
	15.2

	PT11
	7.0
	10.2
	299
	88.9
	3.29
	NA
	410
	1.5
	8.4

	PT12
	3.4
	10.9
	246
	107.9
	1.87
	NA
	NA
	1.8
	NA

	PT13
	17.6
	7.3
	463
	90.5
	8.97
	7.7
	NA
	3.0
	12.1

	PT14
	9.4
	9.8
	297
	110.9
	2.53
	15.5
	346
	1.7
	8.0

	PT15
	14.4
	9.6
	368
	113.3
	6.33
	NA
	408
	2.8
	8.3

	PT16
	20.9
	10.2
	67
	91.1
	14.2
	NA
	NA
	3.2
	9.8

	PT17
	12.0
	9.9
	247
	90.7
	3.6
	NA
	501
	2.0
	11.9

	PT18
	9.6
	10.4
	168
	102.5
	6.24
	8.3
	312
	1.3
	4.2




[bookmark: _Toc226610086]Table 6. Hospitalizations by Patient
	# of Hospitalizations
	Patients not prescribed HU 
(n=7)
	Patients 
prescribed HU 
(n= 11)

	None
	
0
	
5

	1
	2
	4

	2
	4
	
1


	3
	0
	
1

	4
	
1
	
0

	Total # of Hospitalizations
	
14
	

9


	Acute Chest Syndrome
	
3
	

2


	Average Hospitalizations per patient in last 6 months
	
2
	

1.5



4.0  [bookmark: _Toc418694502]DISCUSSION
The present study suggests that the pediatric patients’ caregiver decision to accept hydroxyurea therapy or not is multifactorial. The results suggest that new interventions are needed to increase caregiver and patient knowledge of the benefits and risks of hydroxyurea in order for patients with severe sickle cell disease who are eligible for the therapy to accept and adhere to treatment. It is imperative that eligible sickle cell patients utilize hydroxyurea therapy in order to experience decreased morbidity and improved survival. 
Laboratory tests were drawn at the most recent clinic visit and most likely occurred during the steady state in the absence of active sickle cell pain. The finding that both groups of patients had hemoglobin levels above 8 g/dL is important to note because it suggests that patients who did not accept hydroxyurea therapy already have high baseline hemoglobin levels. It is critical to note that two of the seven patients who did not accept hydroxyurea therapy had platelet counts above the normal range compared to only one of eleven patients who did accept hydroxyurea. This finding suggests that hydroxyurea therapy likely contributes to a normal platelet count in patients who are adherent. Platelet count is important because it is a marker of hemolysis, acute inflammation and overall disease severity. The majority of both groups of patients generally have reticulocyte counts that are low for individuals with sickle cell disease, though still higher than the normal range. Individuals who did not accept hydroxyurea therapy have low reticulocyte count at baseline. This is important because studies have shown that a high reticulocyte count is a risk factor for complications of sickle cell disease (Kenny, George, & Stuart, 1980).
Results reveal that 86% of patients not prescribed hydroxyurea have white blood cell counts above the normal range compared to only 45% of patients currently on hydroxyurea with a white blood cell count above normal. These findings suggest that the patients who did not accept hydroxyurea may have a higher incidence of bacterial infection. MCV tends to be higher for patients who accepted hydroxyurea, which is likely due to a reduction in the number of sickle cells present caused by the hydroxyurea therapy. Patients who accepted hydroxyurea were more likely to have lower absolute neutrophil counts, however, none of the patients were severely neutropenic. This data suggests that hydroxyurea did not suppress the neutrophil count to worrisome levels for severe infection. Three of the four fetal hemoglobin levels recorded in patients who accepted hydroxyurea were high (above 8g/dL). The fourth fetal hemoglobin level was 7.7g/dL and although this is short of 8g/dL this is still an acceptable level for a sickle cell disease patient. These data suggest that hydroxyurea therapy is successful in increasing levels of fetal hemoglobin.  
[bookmark: _Toc418694503]5.1 factors associated with hydroxyurea acceptance

The majority of patients on hydroxyurea therapy had multiple indications for the therapy including pain, acute chest syndrome, hypoxia, splenic sequestration and transient ischemic attack. This finding suggests that sickle cell patients with multiple qualifiers for hydroxyurea therapy eligibility may be more likely to accept the drug. 
Patients’ caregivers who accepted hydroxyurea (mean= 40.5 years) tended to be younger than caregivers who did not accept hydroxyurea (mean= 33). There are a variety of possible explanations for this data, one of which being that younger caregivers may be more receptive to new technology and medical advancements because of high usage of technology in society, however this assumption requires further research. Another possible explanation is that older caregivers may be more likely to be medically non-adherent and therefore be more likely to not accept treatment for their pediatric child with sickle cell disease (Lovell, Lee, & Brotheridge, 2012). A recent study found that patients ages 41-60 years had the highest mean for non-adherence to treatment plans (Lovell, Lee, & Brotheridge, 2012). 
The data also show that patients’ caregivers who rejected hydroxyurea therapy were more likely to be unemployed than patients’ caregivers who accepted hydroxyurea therapy. This data may suggest a correlation between education, employment, hydroxyurea knowledge and the acceptance of the therapy. A recent study found that knowledge of hydroxyurea is associated with acceptance of the therapy. Another factor associated with hydroxyurea acceptance is frequency of hospitalization. Patients who did not accept hydroxyurea tended to be hospitalized more frequently than patients who accepted hydroxyurea. These data suggest that patients who are most in need of hydroxyurea therapy are the patients who are not accepting the therapy. In looking at the methods used to offer hydroxyurea therapy to patients’ caregivers it seems that offering the therapy and encouraging the caregiver to come back with questions is an effective tool in order to increase caregiver knowledge on hydroxyurea therapy and in turn increase the likelihood of hydroxyurea therapy acceptance.


5.0  [bookmark: _Toc418694504]concluSION
In the United States there are about 95,000 Americans living with sickle cell disease including one out of every 500 African Americans (CDC, 2011). The disease is a major public health concern as annual costs for children with sickle cell disease averaged $15,000 in 2005 (Mvundura, Amendah, Kavanagh, Sprinz, Grosse, 2009). Negative health outcomes, such as painful vaso-occlusive episodes, acute chest syndrome, stroke, and multiorgan dysfunction syndrome are characteristic of sickle cell and negatively affect the quality of life of individuals living with the disease. 
In light of new developments in sickle cell disease treatment, morbidity and early mortality remain typical of the disease. In recent years there has been compelling evidence on the efficacy and effectiveness of hydroxyurea therapy in reducing complications of sickle cell disease. Despite this the therapy remains largely underused in the pediatric sickle cell patient population. The study that was completed for the purposes of this paper aimed to gain insight as to the factors influencing the caregiver’s decision to hydroxyurea acceptance or nonacceptance in pediatric sickle cell patients using quantitative methods. The researcher collected data from pediatric patient medical records at the Children’s Hospital of Pittsburgh of UPMC. Both groups of patients who accepted hydroxyurea and those who did not accept hydroxyurea had overall high hemoglobin levels, low reticulocyte counts and normal platelet counts for individuals with sickle cell disease. The group of patients who did not accept hydroxyurea tended to have white blood cell counts above the normal range whereas patients who accepted hydroxyurea therapy tended to have white blood counts in the normal range. 
After completion of the study and review of current literature, it is important to identify the limitations of the study and of current methods used to offer hydroxyurea to pediatric patients and their caregivers. A limitation of this study include a small sample size (n=18), which hindered the ability to add statistically significant data to the larger body of research on acceptance of hydroxyurea in sickle cell patients. Another limitation of the study is the use of convenience sampling from one clinic at one medium sized Children’s hospital in a small city in Pennsylvania. These two factors may cause the results not to be representative of the vast majority of pediatric sickle cell patients in the United States. Another limitation of the study is that the hospitalization data collected was from emergency department visits and admitted hospital stays, however, studies show that pain management for sickle cell induced painful vaso-occlusive episodes occurs at home nine out of ten times (Shapiro, 1995). Therefore, using data from hospital records alone may cause the frequency of painful episodes as an indication for hydroxyurea therapy to be largely underreported. 
Further research is needed in order to inform the design of effective interventions that will remove the barriers to acceptance of hydroxyurea in eligible pediatric sickle cell patients and their caregivers. The sickle cell patient population is ethnically diverse and often from a socially and economically disadvantaged background. In order to remove barriers in communication that may be present with the use of educational brochures a targeted educational approach influenced by the Health Belief Model may be useful in teaching pediatric patients and their caregivers about the risks and benefits of hydroxyurea therapy (Conner & Normal, 1996).  A successful targeted educational approach was used at St. Jude Children’s hospital in order to help pediatric sickle cell patients understand the importance of staying still during MRI examinations (Cejda, Smeltzer, Hansbury, McCarville, Helton & Hankins, 2012). Patients who completed the program were eight times more likely to complete the scans without being sedated as compared to patients of the same age who did not complete the program (Cejda, Smeltzer, Hansbury, McCarville, Helton & Hankins, 2012). This intervention could be adapted and replicated to educate caregivers and pediatric sickle cell patients of the benefits, risks and what to expect while on hydroxyurea therapy. The intervention should include visual aids that explain the increase in healthy red blood cells that accompanies hydroxyurea therapy. The intervention should be based in the Health Belief Model in order to influence patients and caregivers beliefs about the seriousness of the disease and the potential risk of complications (Conner & Normal, 1996).  
The decision to accept hydroxyurea is multifactorial and caregivers must weigh the benefits and risks, consider their child’s disease severity, and become knowledgeable about what to expect with hydroxyurea therapy. Additional research is necessary in order to understand more fully the factors influencing the caregiver’s decision to hydroxyurea acceptance and nonacceptance for pediatric sickle cell patients. This research is critical in order to decrease medical complications and comorbidities of sickle cell disease to allow individuals living with the disease to experience improved quality of life.  
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Study:  Patient and Caregiver Reported Barriers to the use of Hydroxyurea in Pediatric Sickle Cell Disease
Principal Investigator: Dr. Susan Creary
Study ID# ______
Patient (P) or Caregiver (CG) ______
Date of Chart Review ______
Date of Interview of first participant within family______
Demographic Information
	Study ID number
	

	Relationship to Patient
	0=patient

	1=bio parent (1)

	2=bio parent(2)

	3=foster parent (1)

	4=foster parent(2)

	5=adoptive parent(1)

	6=adoptive parent(2)

	7=legal medical decision maker (1)

	8=legal medical decision maker (2)



	

	Disease Genotype of Patient
	0=SS

	1=SB0

	2=SB+

	3=SC

	4=Other



	

	DOB: (m/d/y)
	

	Age of Patient (years)
	

	Age of Participant (years)
	

	Gender of Patient 
	0=male

	1=female



	

	Gender of Participant
	0=male

	1=female



	

	Patient Currently Employed?
	0=NA as <15years

	1=no

	2=part time

	3=full time



	

	Currently live with any caregivers?
	0=No

	1=Yes

	2=NA



	

	Education Level of Participant?
	0=currently in school

	1=<12 grade

	2=high school

	3=associates degree

	4=bachelors degree

	5=higher education degree



	

	Caregiver Currently Employed?
	0=NA as <15years

	1=no

	2=part time

	3=full time



	

	Education Level of Caregiver?
	0=currently in school

	1=<12 grade

	2=high school

	3=associates degree

	4=bachelors degree

	5=higher education degree



	



Hydroxyurea Information
	Currently on HU or Not
	0=no

	1=yes



	

	Indication for hydroxyurea therapy
	0=NA

	1=pain

	2=ACS

	3=other severe VOC 

	4=symptomatic anemia

	5=other

	6=multiple indications



	

	Date HU was first offered (m/d/y)
	

	Length of time HU offered (months)
	

	HU ever prescribed?
	0=no

	1=yes



	

	Date HU was first prescribed (m/d/y) or NA
	

	Length of time prescribed HU (months) 
	

	HU stopped for patient reasons?
	0=not on HU

	1=no

	2=yes



	

	HU stopped for toxicity in last 6 months
	0=not on HU

	1=no

	2=yes



	



Laboratory Data
	WBC prior to HU (if applicable)
	

	WBC (most recent)
	

	Hgb prior to HU (if applicable)
	

	Hgb (most recent)
	

	Platelets prior to HU (if applicable)
	

	Platelets (most recent)
	

	MCV prior to HU (if applicable)
	

	MCV (most recent)
	

	ANC prior to HU (if applicable)
	

	ANC (most recent)
	

	HgbF prior to HU (if applicable)
	

	HgbF (most recent)
	

	LDH prior to HU (if applicable)
	

	LDH (most recent)
	

	Reticulocyte count prior to HU (if applicable)
	

	Reticulocyte count (most recent)
	

	Total Bilirubin prior to HU (if applicable)
	

	Total bilirubin (most recent)
	



Hospitalization Information
	Hospitalized in last 6 months
	0=no

	1=yes



	

	Number of hospitalization in last 6 months
	

	Indication for hospitalization #1
	0=not hospitalized

	1=hospitalized for pain

	2=hospitalized for ACS

	3=hospitalized for other complication of SCD

	4=hospitalized for multiple complications of SCD

	5=hospitalized, not related to SCD



	

	Indication for hospitalization #2
	0=not hospitalized

	1=hospitalized for pain

	2=hospitalized for ACS

	3=hospitalized for other complication of SCD

	4=hospitalized for multiple complications of SCD

	5=hospitalized, not related to SCD



	

	Indication for hospitalization #3
	0=not hospitalized

	1=hospitalized for pain

	2=hospitalized for ACS

	3=hospitalized for other complication of SCD

	4=hospitalized for multiple complications of SCD

	5=hospitalized, not related to SCD



	

	Acute Chest Syndrome in last 6 months?
	0=no

	1=yes



	


*Reproduced with the permission of Dr. Susan Creary.
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